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This report contains the research results on large amplitude res-
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Laboratories, Wright-Patterson Air Force Base, Ohio 45433. The work was

performed under work unit number 24070146, "Sonic Fatigue Test of Ad-
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SECTION I

INTRODUCTION

Vibrations caused by acoustic pressure can frequently disturb the operat-
ing conditions of various instruments and systems, and sonic fatigue failures
which occurred in aircraft structural components cause large maintenance and
inspection burdens for the Air Force. The development of sonic fatigue data
and design techniques were initiated to prevent sonic fatigue failures.
Design methods and design criteria for many types of aircraft structures have
been developed under Air Force sponsorship and by the industry in the past
twenty years. Reference 1 has a complete list of the reports describing
these efforts. This research led to sonic fatigue design criteria and design
charts which are widely used during the design of an aircraft. Although cur-
rent analytical sonic fatigue design methods are essentially based on small
deflection or Tinear structural theory (Reference 1, page 209), many docu-
mented tests on various aircraft panels have indicated that high noise levels
produce nonlinear behavior with large amplitudes in such structural panels.
For example, Fitch et al, (Reference 2}, van der Heyde and Smith (Reference 3),
Jacobs and Lagerquist (Reference 4), and Jacobson (References 5 and 6) have
repeatedly reported that a poor comparison exists between the measured and
computed root mean square (RMS) displacements and/or RMS stresses. They all
observed that the test panels responded with large deflections at high sound
pressure levels, whereas the analytical responses were based on linear small
deflection theory. The neglect of such large deflection geometrical non-
linearity in analysis and design formulations has been identified as one of
the major causes for disagreement between experimental data and analytical
results. The evidence of those researchers was summarized in Reference 7,

i




where a comprehensive review of existing analytical methods on random exci-
tations of nonlinear systems was also given.

Because there are no reliable analysis methods available for predict-
ing the nonlinear stress-sound pressure relation, costly and time-consuming
full-scale fatigue tests of aircraft structures and components are frequently
conducted. The objectives of the present work are: 1) to gain a better
understanding of the random response of nonlinear panels, 2} to incorporate
large deflection geometrical nonlinearity into analysis methods for determin-
ing structural response to high intensity noise, and 3) to provide analytical
background material for formulation of improved sonic fatigue design proce-
dures that would result in better and less costly designs without sacrificing
safety.

The Karman-Herrmann large deflection equations for rectangular plates
(Reference 8) are employed in this development. Using a single-mode Galerkin's
approximation, the dynamic equations reduce to a nonlinear differential equa-
tion with time as the independent variable. The method of equivalent lineari-
zation is then applied to reduce the nonlinear equation to an equivalent
linear one (References 12-14). Mean-square displacements, mean-square stresses,
and nonlinear frequencies at various acoustic loadings are obtained for rec-
tangular panels of different aspect ratios and damping factors. Both simply
supported and clamped boundary conditions with immovable and movable inpiane
edges are considered. The results are presented in graphical form. Compari-

sons with experimental results are also presented.




SECTION II
FORMULATION AND SOLUTION PROCEDURE
1. Governing Equations
Assuming that the effect of both the in plane and rotatory inertia forces
can be neglected, the dynamic equations of a rectangular isotropic plate

undergoing moderately large deflections are (References 8 and 9):

4
’F = -
L(w,F) = DVv'w + ohw,.y - h (F,yy Warx * Fagy Wy

_ZF,Xy w’xy ) - p(t) = 0 ('I)

4. _ 2 .
V'F=E(w xy = Woxx Wayy ) (2)

where w is the transverse deflection of the plate, h is the panel thickness,

p is the mass density of the panel material, O = Eh3/12(1<)2) is the flexural
rigidity, E is Young's modulus, v 1is Poisson's ratio, p(t) is the exciting

pressure, and a comma preceding a subscript(s) indicates partial differentiation (s).

The stress function F is defined by

o, = F,

X Yy
o = Fox « (3)
Ty T Py

where 9> oy,and Txy are membrane stresses.

a. Simply Supported Panels

For a rectangular plate simply supportcd along al11 four edges as shown in
Figure 1, Chu and Herrmann (Refcrence 8), an Lin (Pefercence 17) have consi-

dered that, if thc fu-daronts) nede ic predoninant, the motion of the panel can

AL il o s v




be represented adequately as

w = q(t) h cos (n x/a) cos (n y/b) (4)

where q(t) is a function of timc only. The maximun valuc of q(t) coincides

with the maximum deflection Wnax divided by panel thickness h. The expression

w satisfies the boundary conditions for simple supports.

Y

!

v

fe————— 3 ——
Figure 1.

Geometry and Coordinates

H
+

W= W, + v w,yy =0, on x a/2

W= W,

n
I+

+vw, =0,o0ony b/2

Yy XX

Substituting the expression for w in Eq. (2) and solving for a

particular solution Fp yields

= f.1
Fp = '(52) qzthr2 (cos ggf- + lh cos ggx)
r

(5)

(6)

where r = a/b. The complementary solution to Eq. (2) is taken in the form

2 2
- ToX T
Fo = Ny xz-+ N.y 5 - ny Xy
where the constants N;, N; and N;y contribute to the membrane stresses
iy

(7)




Oys oy and Txy and are to be determined from the inplane boundary, immovable
or movable, conditions.

For the immovable edges case, the conditions of zero inplane normal

' displacement at all four edges are satisfied in an averaged manner as 4

b/2 fa/z
3 dxd
-2 J -ay2 e // £ (Fy o) =] dxdy

[a/2 fm W 4 1 ( - 2 4
oy dydx =ff{= (F, , - vF, - 3% w, ] dydx
as2 J-vz [/ E 7 xx yyt oty

where u and v are inplane displacements.

sON X = + af2

(8)
ony = +b/2

For the movable edges case, the edges are free to move as a rigid

body with the average inplane stress equal to zero. The inplane boundary

conditions are

F, =0
XY rbr2

Nx = hfb/z F,yydy 0 s on x = *a/2

u = constant (9)

Fu = a
XY raf2 :

Ny = E[;/Z F, vy dx = 0}, ony = +b/2 1
= constant j

i'

where Nx and Ny are membrane stress resultants per unit length in plate.

By making use of these inplane edge boundary conditions, Eqs. (8) and

N _

(9), it easily can be shown that for the immovable edges
5
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2.2 2

ﬁ; = g‘g‘gz‘iy' (1+ vrz)

8a (1-v

2,2_2
= h“En 2 10
Ny = S'Z“E"ig'(r + v) (10)

8a~(1-v

ny =0

and for the movable edges
N =N =N_=0 (11)

the complete stress function is then given by F = F_ + Fc.

P
With the assumed w given by Eq. (4) and stress function given by

Eqs. (6) and (7), Eq. (1) is satisfied by applying Galerkin's method

a/2 b/2
I I L (w,F) wdxdy = 0 (12)
-a/2 -b/2

from which yields the modal equation of the form

q + mﬁ q+8q° = E%El (13)
and

wiz A2 pTEE . a2 (1«%2-)2

m = n2oh?/16 (14)

8 =By B




N"th 4
* D * K 4 2
L 8= B R B = = (1 +r") (1-4°%)
PP po? P ad
4
»* *
B" Be __21. . B, = 311— {1+ vrz + |r-2(r2 + v)]
ohb 2r

where u%)is linear radian frequency, mis mass coefficient, and 8 is non-

linearity coefficient. The linear frequency Ao, nonlinearity coeffi-

* *
cients BP and ec, and aspect ratio r are all nondimensional parameters.

H b. Clamped Panels

j
; Yamaki (Reference 11) considered the predominant mode

w= QS%)D. (1 + cos g-;—5) (1 + cos g%x) (15)

which satisfies the clamped support conditions
W=w, =0, on x = ¢
X *a/2 (16)

W= Way = 0, ony =%+b/2

By introducing Eq. (15) in Eq. (2) and solving it, the particular

stress function is

o1 222
Fp =-35-QqhEr lcos 2™ + L cos Z%x_+ 1 cos 47X

a r4 16 a
2 2n% 2 1 4
+ cos 2% cos £ 4 cos —f
(1+ r2)2 a b " 16 b
cos Znx cos 511—] (17) ?

a b é




The complementary stress function is assumed as the form appearing
in Eq. (7). Upon enforcing the inplane edge conditions, Eqs. (8) and

(9), it can be shown that for the immovable edges

2,2, 2
Nx = 39 h ETI (1 + er)

32 a"(1-v
_ = §SED§§!E_7_.(r2+v) (18)
Ny 32 a%(1-v
N, =0

xy

for the movable edges

N =N =N_=0 (19)
the complete stress function is given by F = Fp + Fc’ Introducing
these expressions for w and F in £q. (1) and applying Galerkin's proce-
dure yields the modal equation

3 _p(t) (13)

where
4
2 2 D 2 _ 16w 2 4
w, = A7, A= =g (3+2r" +3r")
O  O%,nb o  or
- 2
m=9 oh“/16 (20)
D
B =8, + 8, = (8% +8F) —¢
P ¢ P ¢ phb
8




and

* 4 4 2 1 1 2 1
= = 1-vS) 1 + —& + 5=+ +
Bp =3 (1-v7) [ . 16 1+ r2)2 Tor?
fds 4 gy (21)
2(4+r°) 2(1+4r°)
4
8* = 3n_ [1+ vrz + r2 (rz +v)j)
¢ 2rs

Equation (13) represents the undamped, large amplitude vibration of a rec-
tangular panel with simply-supported and clamped edaes.

The methods commonly used for determining the damping coefficient are
the bandwidth method in which half-power widths are measured at modal reso-
nances and the decay rate method in which the logarithmic decrement of decay-
ing modal response traces is measured. The values of damping ratio
z (= c/ca range from 0.005 to 0.05 for the common type of panel construc-

tion used in aircraft structures. Once the damping coefficient is determined
from experiment: or from existing data of similar construction, the modal

equation, Eq. (13), now reads

X . 2 3 t
+2 . B(t)
A7 Coupq *upa + 89" = 5 (22)

The method of equivalent lincarization iz omployed to determine an approxi-
mate RMS displacement from Eq. (22).
2. Method of Equivalent Linearization
The basic idea of the equivalent linearization (Reference 12-14) is to

replace the original nonlinear equation, Eq. (22), with an equation of the

form




G+ 2 tepd + aq + err (q) = BEL (23)

where 9 is an equivalent linear or nonlinear frequency, and err is the
error of linearization. An equivalent linear equation is obtained by
omitting this error term, then Eq. (23) is linear and it can be readily

solved. The error of linearization is

wr=(%2-f;)q+sf (24)

R ki

which is the difference between Eq. (22) and Eq. (23). 7The equivalent 1inear

frequency Q is chosen in such a way as to make the error of linearization

term, err (q), as small as possible. To this end the mean-square error

err2 is minimized, that is rr =0 (25)

If the acoustic pressure excitation p(t) is stationary Gaussian and
ergodic, then the response q computed from the linearized equation,
Eq. (23), must also be Gaussian. Substituting Eq. (24) into Eq. (25)

yields (References 10 and 12)

92 = wcz) + 3 B;z- (26)
—

where q- is the maximum mean-square deflection of the panel. Dividing

both sides of Eq. (26) by D/phb® yields

2 * 7
Az =2, * 38 q (27)
where Az is a nondimensional equivalent 1inear or nonlinear frequency

parameter. 19




An approximate solution of Eq. (23) is obtained by dropping the

error term, the mean-square response of modal amplitude is
gzj" S(w)| Hwl? do (28)
0

where S (w) is the spectral density function of the excitation pressure

p(t), and the frequency response function H(w) is given by

1 (29)
m(Q2 - w2 + Zicwow)

H{w) =

For 1ightly damped (¢ < 0.05) structures, the response curves will be

highly peaked at @. The integration of Eq. (28) can be greatly simplified

if the forcing spectral density function S(w) can be considered to be

constant in the frequency band surrounding the nonlinear resonance peak

(o]

In practice, the spectral density function is generally given in terms

Q, so that

of the frequency f in Hertz. To convert the previous result one must
substitute
Q = 2nf

and S(a) = S(f)/2x (31)

into Eq. (30), the mean-square peak deflection is simply

32 S

;zzz—ff—— » for simply supported panels
[o]

32 s¢ (32)

— > for clamped panels
81;x°A

&

n




The pressure spectral density function S(f)/2x has the units

(Pa)ZIHz or (psi)z/Hz, and S is a nondimensional forcing exci-

tation spectral density parameter defined as

S(f)
S, = (33)
f o oZht(p/enb®)3/2

The linear frequency parameters Ao in Eqs. (32) are given in
Eq. (14) and Eq.(20) for simply supported and clamped panels,
respectively, and the equivalent Tinear frequency parameters
G can be determined through Eq. (27).

3. Solution Procedure

The mean-square response q2 in Eq. (30) (Or Eq. (32)) is
determined at the equivalent linear frequency @ (or A) which is in
turn related to ;?_ through Eq. (26) (or Eq. (27)). To determine the

mean-square deflection, an iterative procedure is introduced. One can

E estimate the initial mean-square deflection ;z_using the linear freguency
; W, through Eq. (30) as
qﬁ =———°L“S§“’ 3 (34)
4m Lw,

This initial estimate of ;E_is simply the mean-square response based

on linear theory. This initial estimate of ;E-can now be used to obtain

refined estimate of 91 through Eq. (26), Qf = mg + 38 ;z-, then

;g-is obtained through Eq. (30) as

;15 - __'Z'_S_iﬂllz (35)
4m ;moﬂl

12
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As the iterative process converges, the relation

—2- - m S(Qn) ~ 2
W T 2 ¥ Ao (36)
m Lwoﬂ n

becomes satisfied. In the numerical results presented in the following

section, convergence is considered achieved whenever the difference of the

RMS displacements satisfied the relation

V& Y&
n-1 <1073 (37)

2
9

4. Stress and Strain Response

Once the RMS nodal displacement is determined, the bending stresses

on the surface of the panel can be determined from

%b - -sg' (Wayx + w’yy) %
(38)
%yb ~ ":’g (Wayy * 9 Wage)
The corresponding strains are given by
Exb ~ T g Waxx (39)

__h
yb 7 Yoyy

The membrane stresses in the panel are obtained from Eqs. (3)
and the corresponding stress function F. Membrane strains are given by i
21 _ ;

€xm E'(F’yy vFayx)

: 1 (40)
Eym = f (F'XX - VF'yy)

13
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a. Simply Supported Panels

From Eqs. (3) and (38), and using Eqs. (4), (6), (7) and (10), the
expressions for the nondimensional stresses on the surface of the panel

with immovable edges are given by

~N

o b 2
x? = {ogp * oy —Ef
Eh Eh
- [ 1 X cos T
= [ETT:UZT'( ;2 + v) cos 5 €os 5] d
2 ( )
+ (5 cos 2%19 qf +[ T
8r 8r (]-vz)
o b2 2 )
Ene (oyp * oym) End
={ n? (1 + 22) cos gf-cos %xﬂ q
2(1-v2) r
2
+(5— cos DK +[——L——L'” A o

8r (l-v )

The tensile strains, Eqs. (39) and (40), on the surface of the panel

are then given by

€ —[——;- ( )2 cos - .US %X.] q

a
s 12 (h)2 (—z-cos 251._ v cos &2 2nx ) q

2
2 h2 1+ vr” - v(r +v), 2
*51p) "2 (1-2) = 9

(42)

14




n

72 ,hy2 X ny
;y=[ 2——(5- cos 2= COS p lq

a
2 2 2
+ %—(%)2 (cos Zgﬁ__ ﬁz cos £ g (42)
2 2
2 h2 & + v =v(l + vr’), 2
+ [gp) 14
8 *b rz(l-v )

For movable inplane edges, the last term in Eqs. (41) and (42) vanishes.

b. Clamped Panels

Similarly, from Eqs. (3) and (38) and using £gs. (7), (15), (17), and
(18), the expressions for the nondimensional tensile stresses on the sur-

face of a clamped panel with immovable edges are

2
:2 = 2(“ 2) [12 cos A x(1 + cos B y) + v(l+cos A x) cos B y] g
E 1-v r
22 2 1
cos By+ ——=—% cos AxcosBy+—z cos2By
8 ;K. (1+r2)2 4r4

i Z;'+ 2)2 cos 2 AxcosBy+ z;—fL:;7?; cos Axcos28B y]q2
r + 4r

1
! + [3n §1+ vr [] q2

32r (l-vz) (43)

r

2
Cb 2
Ef§-= 523113;— [(1 +cos Ax)cosBy+ 2?- cos A x ( 1+cos B y)] g
-V

2
+ Eg- [cos Ax +%cos 2Ax+ ___2__7_7 cos A x cos By
(1 +r%)
+ 55 COS 2 Ax CosBy+ ———l—§—§— cos A x cos 2 Byl q2
(4+r<) (1+4r%)
| 322 (rlny 2
, NELD I

32r°(1-v°)
15




where A = 2 n/a and B = 2 =/b.

given by

2
e, = [L5 (¢
X 2r2 b

+

+

+

2.2

4r

-
2
r

(4 + rd)

32 h2 1+ ooy (rPay) .

2
8

4
(r +r

1
v[—4 cos By +
r4

(4+r2)2

~)2 r

hy2
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For movable edges, the last term in Eqs. (43) and (44) vanishes.
Examining Eqs. (41) - (44), a general expression is obtained for the

stress (or strain) at any point in the structure as

- 2 5
o = C;q + C,q (45)

where C] and C2 are constants. The expressions for C1 and C2 can be found

from Eqs. (41) to (44). The constants can be determined from material pro-
perties, dimensions of the panel, and the location and direction at which
the stress is to be measured. The mean-square stress (or strain) is then

related to the mean-square modal amplitude in a general expression as

2 = cf @ +3 ¢ (q2)2 (46)

Once the mean-square deflection q2 is determined, Eqs. (36) and (37), the

mean-square stress (or strain) car then be obtained from Eq. (46).

17




SECTION III

RESULTS AND DISCUSSION

Because of the complications in analysis of the many coupled modes,
only one-mode approximation is used in the formulation. The assumption
for fundamental mode predominacy is admittedly overly simplified; the
conditions under which this is a valid approximation remain to be inves-
tigated. However, a simple model sometimes helps to give basic under-
standing of the problem.

Using the present formulation, response of nonlinear rectangular
panels with all edges simply supported and all edges clamped subjected to
broadband random acoustic excitation are studied. Both immovable and
movable inplane edges are considered. In the results presented, the spec-
tral density function of the excitation pressure S(f) is considered flat
within a certain region near the equivalent linear frequency f and a
value of Poisson's ratio of 0.3 is used in all computations, unless other-
wise mentioned. Mean-square modal amplitudes and mean-square nondimensional
stresses for panels of various aspect ratios and damping ratios are deter-
mined and presented in graphical form. These graphs can be used as guides
for preliminary design of aircraft panels. The maximum mean-square deflec-
tion can be reasonably obtained from these figures; however, multiple-modes
had to be considered for accurate determination of mean-square stresses.
This has.been demonstrated by Seide in Reference 15 for a simple beam
subjected to uniform pressure excitation and in Reference 16 for large
deflections of prestressed simply supported rectangular plates under
static uniform pressure.

Comparison with experiment is also given. It demonstrated that the

present formulation given remarkabie improvement in predicating RMS

responses as compared with using the linear theory.
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1. Simply Supported Panels

Figure 2 shows the maximum mean-square nondimensional deflection
versus nondimensional spectral density parameter of acoustic pressure
excitation for rectangular panels of aspect ratios r =1, 2, and 4, and
a damping ratio 0.02. It is clear from the figure that an increase
of r will cause "closing" of the curve. This occurs because as r increases
the panel becomes less stiff, and the mean-square deflection has to be
finite. It can also be seen from the figure that the mean-square deflec-
tion of the movable inplane edges case is approximately twice as that of
the immovable edges.

Figures 3 and 4 show the maximum mean-square bending stress and the
mean-square membrane stress, respectively, for a simply supported square
panel with ¢ = 0.02. The maximum mean-square bending stress of the mov-
able edges case is approximately twice as much as that of the immovable
edges, whereas the mean-square membrane stress of the movable edges case
is found to be somewhat less than that of the immovable edges. In Figure
5, the maximum mean-square nondimensional stress (bending plus membrane
stress, at the center of the panel and in the y-direction) is given as a
function of excitation spectral density parameter for simply supported rec-
tangular panels of various aspect ratios and a damping factor 0.02. Results
showed that the difference of maximum mean-square stresses between immov-
able and movable edges is small as compared with the difference of mean
square deflections between the two edge conditions.

Figure 6 shows the mean-square deflection versus forcing spectral
density parameter for simply supported square panels of different damping
ratios. The corresponding maximum mean-spare stress (bending plus membrane

stress, at the center of panel). is shown in Figure 7. As it can be seen

from the figures that the precise determination of damping ratio from
19




experiment is important, e.g. stress increases by 25-30% as r is decreased

from 0.015 to 0.01 (for S, between 5000 to 20000). Again, the difference

f

of maximum mean-square stresses between immovable and movable edges is small

as compared with the difference of mean-square deflections. .
Plots of the equivalent linear or nonlinear frequency parameter

xz versus mean-square modal amplitude for simply supported rectangular

panels of aspect ratios r = 1, 2, and 4 are shown in Figure 8. The

Towest value of AZ corresponds to the linear case.

2. Clamped Panels

In Figure 9, the mean-square deflection is given as a function of

excitation spectral density parameter for rectangular panels of aspect
ratios r = 1, 2, and 4 and a damping ratio 0.02. The maximum mean-
square deflection of the clamped panels is somewhat much less than that
of the simply supported. The corresponding maximum mean-square nondi-
mensional stress (bending plus membrane stress, in the y-direction and
at the center of the long edge) versus spectral density parameter is
shown in Figure 10.

Figure 11 shows the mean-square modal amplitude versus spectral
density parameter of excitation for a square panel of different damping
ratios. In Figure 12, the equivalent linear frequency parameter is given
as a function of mean-square deflection for clamped rectangular panels
of aspect ratios r = 1, 2, and 4.

3. Comparison with Experimental Results

The experimental measurements on skin-stringer panels exposed to

random pressure loads reported in References 3 and 4 are used to demon-
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strate the improvement in predicting panel responses by using the pre-
sent formulation. The structure was a skin-stringer, 3-bay panel as
shown in Figure 13. The panels were constructed of 7075-T6 aluminum
alloy. Details of the test facility, noise sources, test fixture, and

test nesullts are given in Reference 3. The important properties of

the panel are:

27 inches

Length a

Width between the rivet lines b = 6.63 inches

Thickness h = 0.032 inches
Damping ratio ¢t = 0.0227
Poisson's ratio v = 0.33

Young's modulus E=9.6x 106 psi
Weight density p = 0.1 1b/in3

The tests were conducted with an overall sound pressure level (SPL)
of 157 decibels (dB) with a range of + 1.5 dB which corresponds to
an average spectrum level of 125.26 dB (see Table IV of Reference 3
or Table 8 of Reference 17).

The central bay of the 3-bay test panels is simulated by a flat
rectangular plate. The linear frequencies for both simply supported
(cg. (14)) and clamped (Eq. (20)) support conditions are calculated
and shown in Table 1.

Test measurements and finite element solution are also given

for comparison. Table 1 also shows the equivalent 1linear or nonlinear
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Table 1 Frequency Comparison

Natural Equivalent linear
frequency fo frequency f157
Simply supported - Immovable edges 71 321
- Movable edges 71 240
Clamped - Immovable edges 159 311
- Movable edges 159 264
Finite element (Ref. 4) 155 -
Experiment (Ref. 3) 126, -

frequencies at overall SPL 157 dB. Frequency at high intensity noise
level was not reported in Reference 3. From the results shown in Table 1,
it is clear that the central bay of the test panels did not respond to

the acoustic excitation as though it were fuily clamped on all four edges.
This was also demonstrated in Figures 12 and 17 of Reference 3 in the
sense that the highest measured RMS strains did not occur at the center
of the long edges. The central bay of the test panels actually behaved
somewhere between fully simply supported and fully clamped support

conditions.

The acoustic pressure spectral density S(f) is related to the

spectrum level L as
8.41 x IO(L/10 - 18) (psi)z/Hz

Sf) = (47)
4 x 10 (L/10 - 8) (dynes/cmz)Z/Hz

22
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A white noise pressure loading with spectra) density of S(f) = 2.824 x 1073

(psi)lez (or nondimensional spectral density parameter Sf = 5100), which

corresponds to an average spectrum level L = 125.26 dB, is used in the com-
putations. The RMS stresses (Eq. (46)) at the center of the long edges for
simply supported (Eq. (41)) and clamped (Eq. (43)) boundary conditions are

calculated and given in Table 2.

Table 2 Stress Comparison

RMS  Stress (kpsi)

Z 2
Gx Oy
Linear Nonlinear Linear Nonlinear
theory theory theory theory
Simply Supported 0.0 0.58 (Immovable) 0.0 3.28 (Immovable)
0.17 (Movable) 2.74 (Movable)
Clamped 2.17 1.12 (Immovabie) 6.57 3.83 (Immovable)
1.32 (Movable 4.24 (Movable)
Finite element 2.4 - 7.7 -
(Ref. 4)
Measured (Refs. 3,4)
on panel A 0.63 2.2
B 0.94 2.9
C 0.78 2.5
D 1.1 —
£ 0.84 2.2
Measured average 0.87 2.5

Table 3 shows the RMS deflections using the present formulation. The
measured and finite element RMS stresses and RMS deflections in Reference
4 are also given in the tables for comparison. It demonstrates that a
better correlation between theory and experiment can be achieved when
large deflection geometrical nonlinearity effect is included in the

formulation.
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Table 3. Deflection Comparison
(wmx/h)2
Linear theory Nonlinear theory
‘ Simply Supported 8.0 1.8 (Immovable)
2.4 (Movable)
1 Clamped 2.7 1.4 (Immovable)
1.6 (Movable)
Finite Element (Ref. 4) 3.1
Measured (Ref. 4) 2.0
!
i
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SECTION IV

CONCLUSIONS

An analytical method for predicating response of rectangular nonlinear

structural panels subjected to broadband random acoustic excitation is pre-
sented. The formulation is based on the Karman-Herrmann large deflection
plate equations, a single-mode Galerkin approximation, the equivalent
linearization method, and an iterative procedure. Both simply supported
and clamped support conditions with immovable or movable inplane edges
are considered. Panel mean-square deflection, maximum mean-square stress,
and equivalent linear frequency at given excitation pressure spectral
density can be determined, and they are presented in graphical form.
These graphs can be used as guides for preliminary design of aircraft
panels under high noise environment. Results obtained agree well with
the experiment. It is suggested that further research be carried out
with special attention to employ multiple-modes in the formulation,

and additional test data on simple panels are needed for an adequate

quantitative comparison.
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APPENDIX

LARGE AMPLITUDE RFESPUNSE ¢ AIRCRAFT PANELS SYUBJECTED TO BROADBAND
RANDOM ACOUSTIC EXCITATIONS
SIMPLY SUPPORTED ALONG ALL FOUR EDGES
RECTANGULAR PANEL - SIMPLY SYPFORTED ALONG ALL FOUR £DGES
SIMPLY SUPPORTED ALONG ALL FOUR EDGES
COMMJIN Ar,AR2,PI,PI2,UN,ENU
NIKENSION SPSN(99)
MOVABL=FLAG FOR INPLANE cDGE CONDITIONS
SET MOVABL= 0, FOR IMMOVABLE EDGES
SET MOVABL=+l1, FOR MOVAPRLZ EDGES
MOVABL=0 OR +1 ?
MOVA3L=1

s e Kz K2 Xx]

Qaaa

C ASGNG=AN ASSIGNED SMALL CONSTANT FOR CONVERGENCE TEST OF RMS
c MAXIMU™ DEFLECTIDN

ASGNQ=1.0E-3 1
c

PI=3.141509265
PI2=PI*PlL
PI4=PI2*vI2
C ZETA=DAMPING FACTOR OF PANEL=C/(C CRITICAL)
ZFETA=0.020
C UN=POISSON°S RATIO
UN=0.3
INU=1.0 ~ UN*UN
900v FORMAT(12)
9050 FORMAT(F10.3)
C NUMSF=NWUMB&R OF EXCITATION SPECTRAL DENSITY
800C FORMAT(434 HOW MANY EXCITATION SPECTRAL DENSITY ARE THERE?,I4)
READ (5,9000) NUMSF
aRITE (6,8000) NUMSF
“RITE (5,3100)
b3 100 NSF=1,NUMSF
810¢ FORMAT(23%® WHAT ARE THeIR VALWES? )
READ (5,9050) SPSD(NSF)
aRITE (5,%150) SP3D(NSF)
j B150 FORMAT(5X,E15.9)
: C SPSD=NONDIMENSIONAL FORCING EXCITATION SPECTRAL DENSITY
| c PARAMETER=SF(F)/((RHO**2) * (H**4) * (DFACTOR**]1.5))
106 CONTINUE
C NAR=NUMPER OF ASPECT RATIOS
820¢ FORMAT(24H HIW MANY ASPECT RATIOS?,I4 )
READ (5,9000) NAR
WRITE (6,8200) NAR
DO 300 NTIME=1,NAR

C AR=ASPECT RATIO OF PANEL=AL/BL
C AL=LEMNGTH
C BL=WIDTH
READ (95,9050) AR
ARZ2=AR*AR

AR4=AR2*AR2
C FLMDO2=LAMBDAD SQUARE - NONDIMENSIONAL LINEAR FREQUENCY SQUARE
FLMDO2=P14*(1.0 + AR2)*(1.0 + AR2)/AR4
FLMDO= SQRT(FLMNO2)
C BETAP=NONLINEARITY COEFFICIENT
C EETAC=NONLINEARITY COEFFICIENT
BETAP=0.75*PI4*ENU*(1.0 + 1.0/AR4)
BETAC=1.5*PI4*(1.0 + UN®ARZ + AR2*(AR2 + UN))/AR4
C FOR MJIVABLE INPLANE EDGES, "ETA=BETAP
C FOk IMMIVABLE INPLANE EDGES, RETA=BETAP + BRTAC
BETA=BETAP + BETAC 39
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IF (MOVAJSL EQ. 1) 3=TA=USETAP

DO S00 NS¥=]1,NUM3™
3F=SPSD(N3F)
wRITE (6,9100) AR,S5F,°ETA
9100 FNxVAT(//1THLASPECT RATIO=AR=,Fé6.2/,
4TH NINPIMENSIQOMAL EXCITATION SPECTRAL DENSITY=SF=,
£13.5/314 AONUIMNEARITY COEFFICIENT=BETA=,E15.6)
1F (MOVABL .37. 0) YRITE (5,8300) ZETA
3300 FORPAT(46Y S1MELY-SUPPORTED wITH IMMOVASLE INPLANE ENGES,
1 /344 DAMPING FACTOR=C/C CRITICAL=ZETA=,F7.4)
IF (MOVAsL .ZQ. 1) WRIT® (6,8310) ZFTA
3310 FORVMAT(44F SIVPLY-SUBPPORTED WITH MOVARLE INPLANE EDGES,
1 /344 DAMPIHCG FACTOR=C/C CRITICAL=ZETA=,F7.4)
C ITER=0 CJIRRESPINCS TO THE LINSAR SJOLUTION
ITER=0
#RITE (6,9150)
915V FORMAT (/7410 #*x*SUALL-DEFLSCTION (LINFAR) SOLUTIgN*%**x)
C GOI=MEAN SQUARE MAXIMUM DEFLECTION ~ LINEAR STRUCTURAL THEDRY
I02=32.0*SF/("14*ZZTA*FLMDO*FLMDO2)
C Q92=RCIOT MEAN SQUTAR: MAXIMUM DEFLECTION
Q0= SQRT(002)a
#RITE (6,9200) FL4DD2,FLMDO,Q02,Q0
9200 FORMAT(4X,314 FREQ. FARAMETER SQUARE=FL¥DNZ=,E15.7,
5X,238 FRE4Y. PARAMLTER=FLMDO=,515.7/,
Bx, 274 MZAN~3QUAKE AMPLITUDE=902=,E15.7,
10x,184 RMS AMPLITUDE=QD=,F7.3)
C COXPUTE RMS STRESSES OR STRAINS 5ASED ON LINEAR STRUCTURAL THEORY
«RITE (6,5250)
925¢ FORWMAT(/3X,93 LOCATION,20X,194 MEAN-SQUARE STR&SS,19X,
1 11K KMS 3TRE3S/29X,9H X-COMPS.,6X,9H Y-COMPS.,14X,
2 9H X-COMPS.,6X,9H Y-COMPS.)
CALL STRESS(0.0,0.0,Q02,MOVABL,ITER)
CALL STRESS(0.5,0.0,G02,KOVABL, ITER)
CALL STRESS(0.0,0.5,322,MOVABL,ITER)
CALL STRES5(0.5,0.5,202,MDVABL,ITER)
C STJUKE QN2, QO AND FLADO FOR CONVERGENCE TEST LATTER
Q2FV=NQ02
QPV =40
FLMDPV=FLMDO

LS N ol

W N

START ON ITERAIION - ITER=ITERATION COUNTER

aaoon

ITER=1
10 CONTINTU®

FLMDZ2=FLMCO2 + 3.0*BETA*Q2PV
Q2=32.0*3F/(PI4*ZETA*FLMDI*FLMD2)
FLMD= SORT(FL™D2)
4= SIRT(42)

C CHECK FOk CONVERGENCE
DEF=(FLMD-FLMNPV)/EFLMD
BEQ=(Q-QPV)/Q
D¥Q= ABS(D:=Q)

C CMMVERGENCe TEST, IF SATISFIE™ GO TJ 12 FOR STRESS COMPUTATION
IF (DE4 LE. A3%4]) GO TO 12

C STURE FLMD, Q2 AND O FJIR CONVERGENCSY TEST
FLMDPV=FLMD
$2PV=32

C SAVE COMPUTATIGN TIVE AFTER 50 AND 100 ITERATIONS
IF (ITER .ER. 50) Q2PV=O.5369*Q + JPV*QPVY)

e ——




~
-

aaoaaoa

<2

2 X EKS)

IF (ITER «cN.100) Q2FV=0.5%(Q*Q + QPV*QPV)
WPV=0Q
ITER=ITFR + 1
6N T30 10
12 CONTINUE
WRITF (6,9400) ITER
9400 SORMAT(//44Y A% ARCEZ-DEFLECTION (NONLINEAR) SOLUTIDN%**/,
1 3X,104 CONVERGENCE AT,14,13H-Td ITERATION)
ARITE (5,9450) FLMD2,FLMD,G2,Q
9450 FORMAT(4X,30H FRER?. FARAMETER SNUARE=FLMD2=,E15.7,
1 5Y¥,220 FPRQ, PARAMETIR=FLYD=,E15.7/,
2 Bx,26H YZAN-5QUARR AMPLITUDE=72=,8514.6,
3 11x,174 M5 AMPLITUDE=Q=,77.3)
WRITE (6,9500) DET,DL]
9500 FORPAT(20X,44N:F=,515.6,5Y,44DE0=,515.6)
CO'PUTE STRESS:SS A0 LARSE AMPLITUDRE
ARITE (6,9250)
CALL STR:2S3(0.0,040,322,VY0UVAPL,ITER)
CALL STRESS(0+5,0¢3,G2,M0VA8L,ITER)
CALL 3TR2SS5(9e5,043,92,70VATL,1TER)
IF (& «NZe S.0) G TO 700
50¢ CONTIYUR
7008 COANTINTE
90¢ CanTINUE
3Tg"
Mg
SURRINTINE TR535(XA,VE, 32, MCVARL,ITER)
COMMIY NS, AR, PI,012,U00,E80
TU{S SURWTING CI4PU™L3 TiHE RMS STRES3T3 IN THE X (3X) AND VY
(V) JIRLCTIONS = [Hdw%E ST9IS5SLS PRE NIONDIMENSINNAL
XAzX/A
Y= =z¥/ 3
22:2VELL STHARE TE O
CX=C38(T1*NN)
CY=CIS(PL*{")
S2X=C0S(260%PT*XR)
C2V=CNS(2.0*°I*yL)
DY=JLS5FPIIN(UY + 1.)/Ax2)CCXXCY/ENY
C1X=0.123%P12%C2V /AR
D220 122%DT2%("N + 1.0/A4RZ)/END
IF (M2VARL o3P 1) NeX=0.0
DV=0,5%212%(1.0 +« UN/ARZ)®CY*CY/ENU
S1¥=0.125*PT2%C2
JaY¥=GoLZ2a*PT x(U + AT2)/(AT2*ENY)
I (YNVAZL W83« 1) 22v=0.9
JX¥X=D1X ¢+ 02X
ITE»=n SJPRRESPINDS TO TE SHALL DEFLECTION LINEAR THEORY
iF (IT5R oo0e 0) D4¥=0.0
SYEIZNKANYRND .
SEAMZ23 NN XYAT AX*I2* 32
2%2=3Y¥87 + SAM:
IVY=NlY + NIY
IF (ITER o427 0) DYV=0.)
3Ye2=NYeIvRe
SYAZZ NENYYRD (YRQ*G
SVMZ2E3VR2 4+ 5y
5¥, SY="IMUNZITULES? /37T 1A% SOMADE0D STRESSAS (STRESS*E*xD)
AR LEF))
Pz L=vIDTK OF "ALEL 41




C E=¢NDULUS OF ELASTICITY
C H=THICKNESS OF PANEL

900¢
9200

9400

SX= SQRT(SX2)

SY= SQRT(SY2)

WRITE (6,9000) XA,SX2,5Y2,S5X,SY

FORMAT(3x,5h X/A=,F5.2,5X,6H TOTAL,3x,2E15.6,8X,2E15.6)
FORMAT(3x,5h Y/A=,FS.2,5X,84 BENDING,1x,2E15.6,8X,2E15.6)
SXB= SQRT(5X32)

SXk= SQRT(SXM2)

SYB= SQRT(SVB2)

SYM= SQRT(SYM2)

WRITE (6,9200) YB,SXB2,SYB2,5XB,SYB

WRITE (6,9400) SXM2,S5YM2,SXM,SYM

FORMAT(18x,9H MEMBRANE,2E15.6,8X,2E15.6)

RETURN

END
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LAYGE AMELITUDPL wESPONST TF ALLCRAFT PANELS ST"8JCTTED T7 "oZaNDALT

c PANDOM ACOQUSTIC ZXCITATIONS
c CLAMPED ALIJNG ALL FIUR DGl
C RESCTANGULA PANEL - CLAYP:ID ALSNG ALuL FJUR FDGus
C CLAVEED ALCNG ALL FIUR EN3Z9
CIMMIN AR2,°1,°12,UN,24Y,”H10,PH01,PE20,PH11,°F02,F1'21,PEL
DIMENSION 393D(99)
C MIVAGL=FLAG FCx IANpLANE 206X CINDITIONS
C SEL 40VAsL= 9, FUR T4MOVALE ELSES
C 35T MOVASL=+1, FIR VIVAZLY EDSES
C FOVAEL=0 Cr +1 ?
“IVAPL=0
C ASGNG=AN ASSIGNED SMALL CIONSTANT FOR CIONVERGENCE TEST JF RMS
< MAXIMUM DEFLECTION
ASGN}=1.0%-3
C
P1=3.14152265
PI2=PI*PI
?14=P12*P12
C ZETA=NANMFING FACTOR CF 2ANEL=1/(C CRITICAL)

ZETA=0.020
C UN=PUI3SIN®S RATIR
=03
5NU=1.0 - UN*UJN
900¢C FORVAT(12)
905¢ FORMAT(F10.2)
€ NUMSF=NUMFER 0OF EXCIFATIUN SPECTRAL DENSITY
2007 FORMAT(42H “aW waNY ZXCITATICN SPECTRAL DENSITY AR THZRZ?,I4%)
READ (25,7000) NUMSF
aRITE (5,R000) “yYMST
#RITE (5,3100)
09 100 NSF=1,NU¥S57
3100 FORMAT(23H 4HAT ARE TiolIr VALUES? )
READ (2,720530) SP3D(USF)
ARITE (6,8150) SPSD(NSF)
815y FORVMAT(5X,E15.6)
C SPSD=NONDIMENSIONAL FORZING EXCTTATION SPECTRAL CENSITY
c PARAMETER=SF(F)/ ((RHI**2) * (H**4) * (DFACTOR**1.5))
106 CONTINUE
C NAR=NUMBE® OF ASPECT RATIOGS
8200 FORMAT(248 PFOW MANY ASPECT RATIOS?,I4 )
READ (5,7000) NAR
ARITE (6,8200) NAR
DO 900 NTIME=1,NAR
AR=ASPECT RATIJ OF PANEL=AL/EL
AL=LENGTH
BL=WIDTH
READ (5,2050) AR
ARZ=AR*AR
AR4=AR2*AR2
C FL¥DO2=LAVNMBNAO SQUARE - NONDIMENSICNAL LINEAR FREQUENCY SNYAKE
FLMD02=16.0*PI4* (3.0 + 2.0*AR2 + 3.0%AR4)/(9.0*AR4)
FLMDO= SQRT(FLMDO2)
C BETAP=NONLINEARITY CCEFFICIENT
C BETAC=NONLINEARITY COFFFICIENT
PH10=1.0
PHO1=1.0/AR4
PH20=0.0625
PH11=2.0/(1.0 + 2.0%AR2 +AiR4)
PH02=0.0625/AR4 43
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B121=140/(15.0 + R.0*AKZ + Ak4)
P1221.0/(1.0 ¢ JLO%AR2 + 195.0%4ARd)
PHSUIM=PHLIO + PUAL + P40 & PA1L ¢ PHGZ ¢ 0.9%(PUZL + DHE1Z)
SETAP=4.0*2 L 1*aNU*2H5 M/ 3.0
TETAC=L1.0%PT4% (1.0 + UL*ARD + AKZ*(AR2 + UIN))/aR4
C FO. MIVAELE INPLANE aDGES, TFTA=DRWTAPR
C F2% T<440VEsLY INPLAN. “DGR5, HuTA=EXTA? + E7TAC
3TTA=BETAP + R4TAC
I (MJVAEL .=7. 1) 3=TA=CTTAP

20 300 NSF=1,MUMST
>T=3PSD(HSF)
ARITE (5,9100) Ax,SF,3ZTA
7107 FQRVAT(//17JIESPECT “LIIJ APz, FR.2/,
ATE ANNDIYLNSI3VAL TAT LD 3PACNTRAL DENJITV="F=,
L13.573149 M0nl N:AR[”Y CORCrFICIENGT="LTA=,"15.%)
1€ (NVASL 504 ¢) WPITE (0,8300) ZETA
330¢ FOLMAT(4TH CLA4PER=3UPPIRTED WIT™H IMMOVASLE INPLANE EDSES,
i /7348 DAVPINCG FACTOIR=C/C CRAITICAL=2ETA=,F7.4)
IF (#OVAPL o de 1) WRITE (2,83190)
331¢ FIaMAT (40 CLAMDPID=3UPPIxTED WITH MAVASL: IMPLANZ oDGES,
1 /344 PAMALNC FATTIR=C/C CRITICAL=ZeTA=,F7.4)
C IT.. "= CORRESPIMDS TJ THE LIN®A? SOLUTINN
ITER=C
JRITE (5,9:50)
915¢ FORMAT( /741y *xe3u [ L-DEFLECTIUN (LINEAR) SOLUTION***)
C GOZ=MaAN SQUARS MAXIMME NTFLICTICN - LINEAR STRYCTURAL THECRY
CN2=32.0*SE/ (AL LO*ZETA*FLMDO*FLMDT2)
C G3=RODT MEAN SQUARE MAKTIMUM DEFLHCTION
A= 5°QAT(R4L2)
ARITE (6,9200) ~LMDDZ2,FLMDI,LD2,4d0
200 FORMAT(4%,314 FR7QR. PARAMETTR 5NUARE=FLMDD2=,515.7,
1 53X,2371 FREG. PARAMET:ZR=FLMOO=,t15.7/,
2 8%,27Y MEAN=37UARE AMPLITUDE=Q02=,£15.7,
7 10x,18H8 RM3 AVMELITING=10=z,F7.3)
rPUTE RM™5 STRESSES OR STRAINS 3ASED 0¥ LINEARR STRUCTURAL TEEUJRY
ARITE (6,9250)
9257 CIRMAT(/3X,9H LICATICY,20%X,194 VEAN-SADARE STRLS3,1°%,
1 11K RS S5TRESS/29Y,9H X~CIYP35.,6K,94 ¥Y-CJuv¥PS.,14X,
2 9H Y=COMPS.,5X, 9 (=CIaP5.)
CALL S5TR:Z5S5(040,0.0,302,8MWABL,ITER)
CALL STRESS(045,049,2302,4%IVAEL,ITER)
CALL STRES5(0.0,0.5,Q72,M3VALL,ITER)
CALL STPESS(0e2,0.5,602,M49VA3L,ITER)
C STURE 402, Q0 AMD SLMDO F1IP CONVERGENCZ [TEST LATIER
Q2PV=QJ2
QPV=qQC
FLMDPV=FLMDO

RSN

g C

START ON ITERATION - ITER=ITERATION COUNTER

aaaq

ITER=1
10 CONTINUE

FLMD2=FLMD0O2 4 3.0%PETA*Q2pPV
42=32.0*5F/(81.0*2ETA*FLMDO*FLMD2)
TLMD= SQRT(FL¥D2)
Q= SART(Q2)

C CHLFK FOR CANVERGENCE
DEF=(FLMD-FLMDPV)/FLMD 44
DEQ=(A-2PV) /A




DEQ= ABS(DEQ)
C CINVERGENCE TEST, IF SATISFIELD GU TQ 12 FOR STRESS CIOMPUTATIUN
IF (DEQ .LE. ASGNQ) 50 TU 12
C STCRE FLMD, 42 AND Q FOR rONVERGENCE TEST
FLMNPV=FLMD
Q2PV=Q2
C SAVE COMPUTATION TIME AFTEXR 50 AND 100 ITERATIONS
IF (ITER .EQ. 20) Q2EV=0.5*(G*Q + QPV*QPV)
IF (ITER LEQ.100) G2PV=0.5*(Q*Q + QPV*QPV)
QPVv=Q
LTER=ITER + 1
GO TO 10
12 CONTINUE
WRITE (6,9400) ITEK
9400 FORMAT(// 448 ***[ALGE-DEFLECTION (WONLINEAR) SOLUTIDu***/,
1 4X,15H CONVEXGENCS AT,I14,13H-TH ITERATION)
ARITE (6,9450) FLUD2,FLMD,Q2,Q
9459 FNRMAT(4X,305 FOEQ. PARAMETER SQUARE=FLMD2=,E15.7,
5X,22F FREQ. PARAMETER=FLMD=,F15.7/,
Bx,26H MEAH-3QUARE AvPLITUDE=Q2=,El4.6,
. 11x,17H #M3 AMPLITUDE=Q=,F7.3)
: aRITE (6,95C0) DEF,NED
9500 SORVAT(Z20X,4HDER=,815.6,5X,4HDER=,E15.6)
C COMPUTE 3TKESSES AT LARGF AMPLITUDE
WRITE (5,9:59)
CALL S5TRES3(0.0,0.0,32,”0VARL,ITER)
CALL STRES5(0.5,0.0,32,4IVABL,[TER)
SALL STRESS(0.9,0.5,G2,MUVABL,ITER)
CALL STRESS(0.5,045,42,"0VAL,1TER)
IF (2 .GEZ. 5.0) G0 T4 700
500  CONTINUE
700 CONTINUE
900  CONTINUF
STUP
END
SULROUTINE STReS3(XA,YE,42,40VAPL, ITER)
COEMIN A2, PL,LI2,UN, S8, PH10,+H01,PH20,+H11,PHO2,E421,PH12

(PSR S

C THiS SUBROUTINE COMPUTES THE R4S STRESSES IN TidE X (SX) 2MNU Y
C (SY) DIRECTIONS - THESE STRRSS3ES AxE NINDIMENSIONAL

C XA=X/A

C ¥YB8=Y/3

c

@2=MzAN SQUARE OF §
CX=C0S(2.0*PL*XA)
CY=COS(2.0*PI*V¥3)
C2¥=CC3(4.0*PI*XA)
C2Y=COS(3.0*PI*VD)
DX=0.5%PI2%( CX*(1l.0+" ()/AR2 + UN*(1.04CX)*CY )/cNU
FACI=0.125%PI2*AR?2
C1X=FAC1*(PHOL1*CY + P{11*CX*CY + 4.0*PHO2*C2Y +
1 PH2I*CZX*CY + 4.0*PH12*CX*C2Y)
D2X=3.0*PI2%(1.0 + Ni*AR2)/(32.0*AR2*ENT)
iF (MOVABL .if. 1) D2¥=0.0
DY=0.5*PI2*( (1.0+CX)*CY + UN*CX*(1.0+4CY)/AR2 )/ENU
rAC220.125*P]I2
DIY=FAC2*(PH10~CX + 4.0*PH20*C2X + PHI1*CX*CY +
1  4.0*PH21*C2Y¥*CY + PH12*CX*C2Y)
B2Y=3.0*PI2*(AR2 + Ui)/(32.0%AR2Z*ENVU)
{F (MOVABL .En. 1) D2Y=0.0
DXX=D1X + NOX
C ITER=0 CORRESPINDS Tu Tt SMALL RgFLECTION LINEAR THeORY

e s - M




anaaan

SXB2=DX*DX*Q2
SXM2=3.0*DXX*DXX*Q2*Q2
SX2=SXB2 + SXM2

DYY=D1lY + D2Y

IF (ITER .EQ. 0) DYY=0.0
SYB2=DY*DY*Q2
SYM2=3.0*DYY*DYY*Q2*Q2
SY2=5YB2 + SYM2

SX, SY=DIMENSIONLESS ROOT KEAN SQUARED STRESSES (STRESS*B**2)
JC(EXH**2)

B=bL=WIDTH OF PANEL

E=MNDULUS OF ELASTICITY

H=THICKNESS OF PANEL

9000
9200

9400

SX= SQRT(SX2)

SY= SQRT(SY2)

WRITE (6,9000) XA,SX2,5Y2,SX,SY

FORMAT (3x,5h X/A=,FS.2,5X,6H TOTAL,3x,2E15.6,8X,2515.6)
FORVWAT(3x,5h Y/A=,F5.2,5X,84 BENDING,1x,2F15.6,8X,2E15.6)
SXB= SQRT(SXB2)

SXM= SQRT(SXM2)

SYB= SQRT(SYB2)

SYM= SQRT(SYM2)

WRITE (6,9200) ¥B,SXB2,SYB2,SXB,SYB

WRITE (6,9400) SKXM2,SYM2,SXM,SYM

FORMAT(18x,9H MEMBRANE,2E15.6,8X,2E15.6)

RETURN

END
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