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FOREWORD

The computer program presented in this report was developed for the
Vibration and Acoustics Branch of the George C. Marshall Space Flight
Center, National Aeronautics and Space Administration. This work has been
accomplished by the Vibration and Acoustics Group, Structural Engineering
Branch, Chrysler Corporation Space Division, Huntsville Operations.,



SUMMARY

Thie computer program 1s to caleulate the random vibrational response
of a rectangular cylindrical shell panel cross—reinforced with ribs and
stringers subjected to the excitation of fluctuating pressure environments.
Three boundary conditions are conmsidered* four edges simply supported; four
edges clamped; and two opposite edges simply supported while the other two
clamped. The special cases of a complete cylinder and a flat panel are
included. This program is written so that either all three boundary conditions
or any one boundary condition can be selected in any run. The normal mode .
approach 15 used 1n the formulations. Responses calculated are the acceleration,
displacement, and stress spectral densities. Mean-square and root—-mean-—-square
values are also calculated. Output data are tabulated and plotted. This
Manual is written according to the documentation requirements specified by
the Computation Laboratory of MSFC. It contains three sectiqns describang the
problem, the programming, and the deck setup 1n detaal.
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INTRODUCTION )

Recent advancements in the mathematical formulations of sclutions for
structural responses due to random loading has made it feasible to develop
computer programs for use by the structural engineer. The computer program
reported in this manual calculates the random vibrational responses of rec~
tangular cylindrical shell panels cross—reinforced with ribs and stringers.
It 1s the result of a research project.

The program 1s written 1n FORTRAN IV language for the IBM 7094 computer.
The results of this project are reported in two volumes.

1. Volume I - Theoretical Analyses
2, Volume II - User's Manual
The first volume contains the equations, technical discussion of the

program, and analyses of the results. The second volume 1s oxiented to utili-
zation of the programs.



SECTION I. PROBLEM

A. Abstract

This 15 a program to compute the vibrational responses of a rectangular
cylindrical shell panel cross-treinforced with stifeners, subjected to the
excitation of fluctuating pressure environmenis. The boundary conditions
considered are: four edges simply supported; four edges clamped, and two
opposite edges simply supported while the other two clamped. The special
cases of a complete cylinder and a flat panel are included The normal mode
15 used 1n the formulations. The responses are calculated as acceleration,
displacement, and stress spectral densities, and the overall mean—-square
and root-mean-square values. The output data are tabulated and plotted.

The program i1s written so that either all three boundary conditions or any
one boundary condition can be selected in any run.



B. TECHNICAL DESCRIPTICH

This is a program written to calculate the random vibrational responses
of rectangular cylindrical shell panels cross-reinforced with stiffeners.
Three boundary conditions are considered: four edges simply supported; four
edges clamped; and two edges simply supported while the other twe edges
clamped. Special cases of flat panel and complete cylinder are included. The
one—third-octave spectrum of the excitation pressure 1s read in as input in
any discrete frequency. The program will apply when either the whole panel
or a portion of the panel i1s exposed to the excitation The normal mode ap-—
proach 1s used in the formulation. Analytical expressions for the joint
acceptance are derived for all mode combinations. Contributions of the mzain
terms as well as the cross terms are accounted for to obtain the responses.
The responses at any poxnt are calculated as displacement, acceleration and
stress spectral densities. Mean-square and root-mean—square values of the
responses are calculated by numerical integration. The response spectral
densities are tabulated and plotted. The frequency range is from 5 (or lower)
up to 5000 Hertz. One-nth-octave band 1s used for the frequency increment.
The number of data points can be increased up to 300 for each spectral demsity
plot. For each data point, 625 terms are summed to give the spectral density.

In additien to the excitatron spéctrum, the input data includes the
geometric dimensions, material properties of the panel, and some control
constants.

The program i1s written so that either all three boundary conditions or
any one boundary condition can be calculated in any run.

Computed responses have been compared with experimental results, and
the agreement 1s very good.



C. EQUATIONS

a. Subroutine RSR - Calculation of Response of Simply-Supported Rectangular
Shell Panels Cross—Reinforced With Stiffeners

1.

Refer to Fagure 1

Natural Frequency

The undamped natural

Wppg = TM Dx (
M = ph+ pg'h!
= frequency 1n
D = i’ +

x 12 (1-v%)
3
Eh
D, = —u +
y 12 (1-v9)
4 - _ Eb
lZ(l—vz)

for geometric

frequencies are given by

1/2
4 4
-“1) +2H-m—112+Dy(E)+ Eh
1+(Ln
o2 [ (=) ]
(1)
rad. /sec
E'T
___bll (14)
E'T )
e (1B)
(1G)

dimensions.

a = radius of shell panel {(imput)
E = Young's modulus of panel (input)
E' = Young's modulus of stiffeners (anput)
h = Thickness of ‘panel skan (input)
h' = Smeared-out thickness of stiffeners (input)
v - Poisson's ratio of panel {input)
a; = Spacang of y-direction stiffeners (input)
bl = Spacing of x-direction stiffeners (1nput)
Il = Moment of inertia of one x—directien stiffener with respect

to neutral axis of cross—section of panel (anput)

&



2. Responses

Moment of inertia of one y-direction stiffener with respect
to neutral axis of cross—-sgsection of panel (1nput)

Mass density of stiffeners (input)

Mass density of panel (znput)

AN

+
The displacement response spectral density at point r(x,y) 1s given by

N
0 (F50)

where
-
B (T 50D

SI

bf

2’1

prs
()

A
an(r)

0

2 e = 2
5720, (w) l Foy D8 6 Byl o 9% (2)
Jsk,m,m
=1,2,3 ..
Displacement spectral demsity in 2RCR__
rad/sec
2
Area of panel subjected to excitation (1neh™)
bg! (24)

Circunferential width of panel subjected to excitation (input)

Longitudinal length of pamel subjected to excitation (anput)

sin 1%5- sin E%Z—-= normal mode (2B)
0y n
s1n mgx sin Ey = pormal mode (2c)

Width of panel (along y-axis) (input)

Length of panel (along x-axis) (xnput)

- Mb%
M, - M (2D)
ph + p'h! (2E)

Position vector of point concerned

Coordinates of £ (xnput)



w o= Frequency in rad/sec. = 2uf
£ = Frequency in Hertz (independent variable)

Mode 1ndices

J ’kim’n
mjk = Undamped natural frequncies given by Equation (1)

The magnitudes of the frequency response functions are:

1
[H g [ = (21)
k 2.2 2
J Mjk [(U.%k - W ) + (ZCjkfﬂka)z] 1/
1
| | = | (26)
2 2.2 277 1/2
Mnn [(wmn - 09)° + (2ogptpnw) ]
The joint acceptances squared for different mode combinations are given by
Jzkmn = JJkan EQBEE for j =m, k=n
] Cjkmn
2 =  J._J! EJEQE. f k#
Jkan h Jm¥kn [ or 3= n
Jkmm
A
2 - t Jkmn -
Jkan JJkan c for 1#m, n
Jkmn
A
2 — 1 1 kmn .
J = Jr g I for j#fm, k#n (28)
Jlkmn qm” kn Ckmn
where
Azﬂ.w '1
I = —= L + L
Jm 2 2 2
Aln Afw 2
(1[”) + (J”ff)2 ( L ) +  (mw)
c c -
_ Alﬂ.m -
c ]‘l‘l mtl
2 + [ -1 + (-1)
¢ gnem 1S cL) 1)

[(Aiﬂm)z + (Jﬂ)Z][(Aiﬁw)z + (mﬂ)Z]



+

Azbw

C 1 +
2 2 2
Arbw Aqsbuw
(2 v ot (2 4
Azbw
- k+1 n+l
(k) (ur) 28— Lt "~ ] 7
Asbw
[ __..-i ) + (kﬂ)z][g—m) + (aw) ]
A.lgim

2+e c [(~l)3+l + (“l)m+l]

(3m) (mr) 5 2
[+ o ey’ o]
+m -

o [ -1)"- (-1) - 1
> - P
(Algm) + (mﬂ)z 2(3 m) Z(JM) -
c
m=] IIH'J ]
; ) [(_1) ~ 1, (=1 -1 (2K)
Al 2(m-
(A5 gt L e
[M
Azbu)
nt+l
= (km) (aw) £ Aeb ; [(—l) +b (—;) ]
m Apbuw
[ 2 + (km )2][((2: ) + (n‘n)z]
k+1
. 2 [(1)-—1+ ¢ -1 J
A,bw\2 , L 20 2(fetn)
( = ) + (1)
n—~k n+k
. k [ (-1) - 1 + (-1) - 1 ] (2L)




where

A; = Decay constant in x—direction (1nput)
AZ = Decay constant in y-direction (jnput)
L
¢ = Speed of sound (ainput)
2 2 z
A = 1- (——“’ )JE- S )]+ A - E
Jkmn [ Wik Smn 7k mn kap.)mn
2 2 2
= +
Ckan Ajkmn Bjkmn

2
e - P ] =) @

2
The excitation spectral density in (ps2)’
rad/sec

@Pp(w), 15 given by

Spp(f) - 170.576

- 1 21
9,p () 5= (10) (21)

The excitation spectral density in decibels per Hertsz, Spp(f), 1s given by

= - 2
Spp(f) 84,4(£) — 10 log, (0.23157f) (2w)
where
SBrd(f) = One-thixd octave excitation pressure level in deeibels
{1nput)

_?_
The atceleration response spectral density at r(x,y) 1in

. 2
(lHCh 1 is given by

sec2 rad/sec

8



=
¢W(;,w) = w4®w(r,w)

2

The acceleration response spectral density in Hertz

15 given by

- _ -5 -
Sww(r’f) = 4.215093 x 10 @Ww(r,m)

The mean-square acceleration inp "gz" 1s given by

aes) | S; (F.E)df

The root-mean—-square acceleration in "g" 1s given by

- Yy 5 =
c@ =
N2
The stress spectral density in (psi) 1s given by
rad per sec
- 2 -
bog(Tom) = ¥ @WW(r,w)
where s

-
wa(r,w) 1s given by Equation (2)

2 2 2
2 9,/ (Ehy) Q +Q
Y = Y (r) = 2 2 . - 2
4(1-v°) Qw
h; = h+h,
_.}
h2 = largest height of stiffemers at r, see Figure 1
{1nput)

(3)

(4)

(5)

(6)

(7



The

The

The

The

The

The

QW =

) ; 7
m,n n mn
=1,3... ™ [Dx ( z) + Zﬂ(zb)

stress spectral density in (p81)2/ Hertzis given by

> >
Sog(r,f) = ZWQOU(r,w)

mean—-square stress is given by
> -
2@ = [ 8,,(r.£)df
root-mean-square stress 1s given by
* 1/2
o = [o@ ]
(1nch)2
displacement spectral demnsity in ——— 18
Hertz
> >
SWW(r,f) = 2w®ww(r,w)
mean~square displacement is
-+ >
wli(r) = f Sww(r,f)df
root—mean—square displacement 1s
=+ v ->
w{r}) = wz(r)

®

10

(8)

(9)

(10)

(1)

(12)

(13)



b. SUBROUTINE RFR

DYNAMIC RESPONSE OF FOUR SIDES CLAMPED RECTANGULAR
SHELL PANELS CROSS-REINFORCED WITH STIFFENERS

Natural Frequencies

The natural frequencies in radians per second are given by

-1/2 4 4 2
_ .2 1.5056 1.5056 1.2466)
wll = <M DX (——T) + DY (_ 'b"‘) + ZH __-Q:b_
1/2
+ Eh - (14)
az'nl‘ [1 + (.9‘_)2}
b 4
1.5056 \ % K+ '%
et 'S 1121*{-1/2 Dy (T) t Dy
1 2466 (k +-%§[(k + 1) - 0.6366]
+ 2 2
22p2
1/2
+ Ehl 7 (1B)
S [ 97 )
1 5056 | \%
k= 2,3,
104
-1/2 1+ = 4
2 P 1.505§)
oy = M e | =) + o, (2202
246 1 1
1.2466 (3 +9) [(3 +3) - 0.6366]
-+ 24 7y
22p
o 1/2
7 5 =3 (1c)
424 [ 1 4 [ 1.5056 (_&) ]
+ 4 b
1773



4
. 2712
1k T™M « 2 .

1 1 Iy _ 1, _
(3 +§) (k+§)[(;| +§) 0.6366]{(k+§) 0.6366]

+ 2H )
2%p?
. Eh 1/2
2 2
k+ 1 o\ 2
5;12174 1+ i (E)
1+ o (1D)
J,k = 2’33 -
T
b - md . BT
X
12(1—\))2 by
1
N Eh> . h
¥ 12 (1-v%) 2
. Eh’
12(1-v7)
M = gh + p'h' (1E)
The natural frequencies in Hertz are given by
0
= ik
flx 27 (2)
E =  Young's modulus of panel (input)
E' = Young's modulus of stiffeners {(1nput)
h =  Thackness of panel skin (input)
h' = Smeared—-out thickness of stiffeners (input)

12



2. Responses

Poisson's ratio of panel {(input)

Radius of shell (anput)

Spacing of y-direction stiffeners {(input)

Spacing of x-direction stiffeners (input)

Moment of inertia of one x-direction stiffener with
respect to neutral axis of cross-section of panel (input)

Moment of inertia of one y-direction stiffemer with respect to

neutral axas
Mass density

Mass density

The displacement response

-5
wa(r,m)

where

-
¢ (r,0)
SI

bl
,Q,'
ij(r)

P ()

S|2¢Pp(w) ) FJk(r)an(r)IijIIHmn[J

of cross—-section of panel (input)

of panel skin (znput)

of stiffeners {(input)

.
spectral density at point r(x,y) 1s given by

J,k,m,n
=1,2,3...

displacement

Area of panel subjected to excitation (1nch2)

b'g!

Width of panel subjected to excitation (input)

Length of pamel subjected to excitation (input)

spectral density in

XJYk = normal mode

1

Xn¥n

Xl(x) = cosh

0.9825 (51nh

normal mode

1.5056mx

1.5056mx

1.5056mx _

. °%F 2
1.5056mx%

— g s 2

13

qkmn

1nch2
rad/sec

)

(3)

(44)



Y;(y) = cosh 1'5356“ - cos 1.51())56?11[

-0.9825 ( s1nh 1:5356Wy - sin 1.5056nz)

b
1
(3 + i)'nx (3 + =
2 2
X (x) = cosh —————— - cog ——m——
N | -8 2
1
—sinh — +sun — 57—
1
(k + —l-)'ﬁy k + )7y
¥, ty) = sh 2 -~ cos 2
& cosh ——=— c 5
(k + %—)ﬂy (k + %)TTY
~ ginh — + sin —

-

Wrdth of panel (y=0 to y=b) (amput)

Length of panel (x=0 to =x=1) (input)

_ Mib
an - A
ph + o'h'

Position vector of point concerned

Coordinates of ; (anput)

Frequency in rad/sec = 2Znf

Frequency i1n Hertz (independent wvariable)
Mode indices

Undamped natural frequencies given by Equation (1)

14

(4B)

(4c)

(4D)



The magnitudes of the frequency response functions HJk and H , are given
by equations (2F) and (2G) in Section a.

The joint acceptance squared for different mode combinations are given by
equations (2H) through (2L) in Section a.

2
The displacement spectral density 1in £EEEE2_ is given by
Hertz

SWW(;,f) = 2w®ww(;,w) (8)

The mean square displacement in (1nch)2 1s

W@ = [ s, (6 (9)

The root—mean square displacement in inches is

+
wo{r)
. (p51)2
The excitation spectral demsity in ———i. . 1s
rad/sec

Spp(f)—l70.576

10

o () = %.;(10) (11)

The excitation spectral density in decibels per Hertz, Spp(f), 1s given by

Sppgf) = S3rd(f) - 10 log10 {(0.23157f) (12)
where
SBrd(f) =  One-third octave excitation pressure level 1n

decabels (input)

The excitatlon spectral density in (p51)2/Hertz is given by

Sﬁp(f) = 2ﬂ@PP(m) (124)

15



R * . 1nch \ 4 1
The acceleration response spectral demsity at r(x,y) in ( ) .

SECZ rad/sec

1s given by

- & -+ ‘
@Wé(r,w) = et (ruw (13)
2
The acceleration response spectral density in & is given by
Hertz
- -5 -
Swe(T-£) = 4.215093 x 10 © ¢ (r,w) (14)
1" 21!

The mean-square acceleration 1n g is given by
2 - ->
¢“(x) = [ s_(r,f)df (15)

The root-mean-square acceleration i1n "g" 1s given by

G{x) = VGZ(:) (154)

The stress spectral density in (p51)2 1s gaven by
rad/sec

by (ta) = YA (r,w) (16)

> >
where ¢ _.(r,w) 1s given by Equation (3) and Yz(r) 18 given by Equation (7A)

in Section a.

22
The stress spectral demsity an BSL)_ g gilven by
Hertz

> ->
855 (xr,£f) = 2w®60(r,m) (17)
The mean-square stress 1n.(p51)2 1s given by

o2 (r) = [ Sy(r,f)df (18)

16



The root-mean-square stress 1n pst is given by

S 1/

a(2) = [6%(0)] (19)



Ce

DYNAMIC RESPONSE OF TWO OPPOSITE EDGES

SUBROUTINE RSF

SIMPLY-SUPPORTED AND OTHER

TWO CLAMPED RECTANGULAR SHELL PANELS UNDER RANDOM PRESSURE FIELD

Simply-Supported Edges:
Fixed Sides:

X
y

Natural Frequencies

The natural frequencies in radians per

2
b

b1
nn

second are given by

2 2
- .2.~1/2 144 1.5056 \ 4 1 1.1165
‘1 T TH () + oy (F0) + () (=)
1/2
Fh
+
o otsr) (8
1.5056 b
4 1
T Y 1y 4 k+%= 1y 2 (k+5)[(k+%-)-o.6366]
kT om Px (E) B4 * ZH(I) P
b
1/2
+ E111 . s (18
a2t [1+ (£) ]
k +%-
k= 2,3, .
- 2,1/ 4 1.5056 1\ 2/1.1165)
Y1 T mH Dx(%) * DY( b ) * ZH(z) ( b
1/2
Eh
+ 220 [1+( )2(&)2]2 (1c)
1.50656 b
3 = 2: 3: L
FA
- iy 2 L Ly o.
vy = w2 /2 D(;_4+D k+ 5\, op (1) (k+ 5[0+ 3)-0.6366]
J x\g v = ) ,b2
1/2
F 4 Eh 2 27 2 (D)
aZn [1 f—L (&) ]
b
k+%
J, k=2,3 ...



3 E'L

Eh
12002 T b
¥
o3 E'L,

+
12 (1-v%) aj

Tho

12(1-v 2)

ph + p'h' (1E)

The natural frequencies in Hertz are given by

1k

El

h!

2. Responses

[in]
ak (2)
2m

Young's modulus of panel (anput)

Young's modulus of stiffeners (anput)
Thickness of panel skin (1nput)

Smeared-out thickness of stiffeners (input)
Poisson's ratio of panel (anput)

Radius of shell (Input)

Spacing of y—direction stiffeners (anput)
Spacing of x-~direction stiffeners (input)

Moment of inertia of one x—darection stiffener with respect
to neutral axis of cross section of panel (input)

Moment of inertia of one y—direction stiffener with respect
to neutral axis of cross section of panel (anput)

Mass density of stiffeners (anput)

Mass density of panel skin (input)

The formulation for responses for Subroutine RSF are the same as Subroutine
RFR gaiven in Section b, except the normal modes are by the following expressions;

19



FJk(r)

Fion (1)

X3 ¥k
¥ (4)
n
= * TX
XJ (x) sin J_R‘
TR (44)
¥ (y) = cosh _1;.30_52}1 - cos L:303my
~0.982 (51nh 1-20517 s 1.2051r ) -
(k’ + %)Ti‘y {(k + .%)-n-y
Y = _
«(¥) = cosh - cos b
(& + Py k + Dy
= sinh 5 + sin
k=2,3, .. o

20



D. DEFINITION OF TERMS

MNEMONICS FORMULAS DESCRIPTION
SPPF(I) Spp(f) Excitatron spectral density in decibels per
Hertz.
FIPW(I) @pp(m) Excitation spectral demsity in (p51)2rad per
sec,
FNW(J,K) Ok Nautral frequencies of panel
OMEGA s Independent frequency variable for spectrum
in rad/sec
2
POWI2 ijmn Joint acceptance squared
+
PIWW @Ww(r,m) Displacement spectral demsity in 1nch2/rad
per sec
OMEG(I) £ Independent frequency variable for spectrum
in Hertz
7 2
SWW(I) SWW(r,f) Displacement spectral density in in~ /Hertz
-> 2 4
PIWG ¢w&(r,w) Acceleration spectral density in in“/sec /
rad per sec
- 2
PIWGI(T) Swé(r,f) Acceleration spectral density in g“/Hertz
- 2
Pssw bgg (rs0) Stress spectral density in psi” /rad per sec
> 2
SSSF(I) 8go (T, £) Stress spectral density in psi“/Hertz
SPPP (1) Sép(f) Excitation spectral density in p512/Hertz
QX Qx Quantity for the calculation of YZ
QY Qy Quantity for the calculation of Yz
oW Q Quantity for the calculation of Y2
+
GAM2 Yz(r) Constant to change displacement spectral
density into stress
PAS p2 Overall mean square excitation pressure
a
=
W2(r) ATS1 Mean square displacement

21



MNEMONICS

o2 ()
62(H
W(x)
o (T)

-
G(1r)

FORMULAS

ATS2

ATS3

ATl

AT2

AT3

D. DEFINITION OF TERMS (Continued)

DESCRIPTION
Mean square siress
Mean square acceleration
Root-mean square displacement
Root-mean square stress

Root—-mean square acceleration

22



E. SPECIAL OPTIONS

This program can be easily modified to caluclate the acceleration
spectral density in decible scale referenced gravity acceleration, and
compute the vibro—acoustic transfer funetion Modification to calculate
the average responses over the whole structure and to investigate the contri-
bution of the cross terms tp the response 1s also not difficult.

F. NUMERICAL METHODS OF SOLUTION

The calculation of the mean-square responses 1s by numerical integration
of the area under the spectral density curve. However, the integration pro-—
cedure is written inside the program and no integration subroutine 1§ required.

G. TECHNICAL REFERENCES

1 Lee, T. N., "Computer Program for Prediction of Structural Vibrations
to Fluctuating Pressure Environments,' Contract No. NAS8-21403,
Monthly Progress Reports 1 Through 11. August 1968 to June 1969.

H. RELATED PROJECTS

This computer program has been used in the project, "Comparative Analysis
of Acoustic Testing Techniques," MSFC Contract NAS8-21425, which Chrysler
Huntsville Operations 1s conducting from July 1, 1968, to July 31, 1969. Com-
parison of the computed responses with the experimental data shows good
agreement.
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SECTION II. PROGRAMMING

A, Library Subroutines

No non-system subroutine is required for this program.

B Program Subroutines

This program contains a short main driver program and five subroutines
which are called an the following order:

1 Subroutine PRNT 1s used to prant the ocutput data.

2. Subroutine GRIDIV as a general grid subroutine for the SC 4020
and is called by the plot routine in subroutines RSR, RFR and RSF

3. Subroutine RSR is to calculate the frequencies and the responses
of saimply supported rectangular panels.

4. Subroutine RFR 1s to calculate the frequencies and the responses
of the four-edges—clamped rectangular shell panels.

5. Subroutine RSF 1s to calculate the frequencies and the responses
of panels with two edges simply supported, the other two clamped.

C. Special Input Tapes !
None -
D Special Qutput Tapes

A-8 i1s the plot tape used by the SC 4020 plotter.

E. Plots Generated

The following eleven plots are gemerated by this program. In all the
plots, the frequency 1s the independent variable while the spectral densaity
15 the dependent variable

a Spectral density of the excitation pressure in decibles versus
frequency in Hertiz.

b. Spectral density of the excitation pressure in (p31)2/Hertz
versus the frequency in Hertz.

The following three plots are generated for each of the three boundary
condztions

c. Acceleration spectral density in gZ/Hertz versus frequency 1n Hertz.
d. Displacement spectral density in 1nch2/Hertz versus freqguency in Hertz.

e. Stress spectral density in (p31)2/Hertz versus frequency in Hertz.
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F. BLOCK DIAGRAMS
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a, PROGRAM RANDOM

RANDOM

READ AND
WRITE OUT
INPUT DATA

!

CALL SUB-
ROUTINES RSR,

RFR, AND

RSF DEPENDENG
ON NP

STOP

b. SUBROUTINE GRIDIV

SUBROUTINE

GRIDIV

|

COMPUTE
IABEL
MARGINS

]

ERROR
TEST AND
SCALE

|

CLEAR
ERROR
INDICATOR

RETURN
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€, SUBROUTINE RSR

SUBROUTINE
RSR

WRITE HEADING
CALEL CAMRAV

CALLSMXYV o
* POMIG > 5
CALCULATE
CXCITATION WRITE 3 1S
SPECTRAL JOINT :
DENSITY ACCEPTANCE
COMPUTE DI5-
+ PLACEMENT
STRESS AND
ACCLLLRATION
CALCULATE
FRFQUENCIES {
* COMPUTE MEAN
SQUARE AND
CALCULATE ROOT-MFAN
CONSTANT SQUARE
TO CHANGE
DISPLACEMENT
INTO STRESS
LND FILE 3
b Rl WIND 3
CALL PRNI
CALCULATE CALL SCOUTY
EXCITATION
PRESSURE
FROM ONE- *
THIRD OCTAVE
DATA P10T DIS-
PLACEMENT,
STRESS
ACCELERATION
AND EXCITATION
CALL CLEAN
oMrcA > YES
(F3RD)(N3R)* 2 T ) B
RETURN

COMPUTE
JOINT
ACCEPTANCES
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SUBROUTINE
RFR

WRITF
HFADING
CALL CAMRAV
CALLSMXYV

!

CALCULATE
LXCITATION
SPECTRAL
DIERSTTY

+

CALCUIATE
NATURAL
FREQULNCIES

f

COMPUTE
CONSTANT

TO CHANGE
DEBPLACEMENT
INTO STRESS

!

CALCULATE
EXCITATION
PRESSURE FROM
ONE-THIRD
OUTAVE DATA

OMLGA >
{F3RD){NSR)*2.7 }

YES

d.

SUBROUTINE RFR

NO

POMIC >3

CALCULATF
DS PLACFMI NT
ACCE IFRATION
S1RES5 AND
EXCITATION

!

COMPUTS
MFAN SQUARE
AND ROOT-
MLEAN SQUARE

i -

CAIL PRNT
CALLSCOUTY
PLOT DISPLACF-
MENT, STRFSS,
ACCELERATION,
AND EXCITATION
CALL CLEAN

CALCULATE
THE NORMAL
MODE

!

CALCULATL
JOINT
ACCEPTANCES

RITTURY
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SUBRCUTINE
RSF

WRITE HEADING
CALL CAMRAV
CALLSMXYV

!

CALCULATE
EXCITATION
SPECTRAL
DENSITY

!

CALCULATE
NATURAL
FREQUENCIES

!

COMPUTE
CONSTANT TO
CHANGE DIS-
PLACEMENT
INTO STRESS

!

CALCULATE
EXCITATION
PRESSURE
FROM ONE-
THIRD OCTAVE
DATA

OMEGA >
(F3RD}{NIR)*2 7/

CALCUIATE
THE NOEMAL
MODE

i

CALCUIATE
JOINT
ACCEPTANCES

YES

€. SUBROUTINE RSF

WRILE 3
JOINT
ACCEPTANCES

POMIG > 5

LOMPULT
DSPLACI MI NI
SERISS

ACCT LI RATION
AND

1 XCITATIGN

|

COMPTU LY
MEAN SQUARE
AND ROOL~
MEAN SQUARI

29

e

CALL PRN1
CALL SCOUTV
PLOT DISPLACE -
MLNT STRESS,
ACCELERATION
AND FYXCITATION
CALL CLEAN

RETURN



G. FLOW CHARTS
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a

PROGRAM RANDOM

CALL RSR

RANDOM

READ AND
DPRINT INPUT

!

IF NP =

CALLRFR

CALL RSF

31

CALLRSR
CALL RFR
CALL RSF




b. SUBROUTINE GRIDV

SUBROUTINE
GRIDIY

k §
- - 300

BEGIN 445
- { LOOP

0

CALLSTOPTV
CALL BRITEV

CALL FRRNTY
XYLAR{2) -

CALL I RRINV

L-2 =
95

0 D = L -1

CALL FRAMEV

700
CAIT YSCAIV
(TR
17T (2)

110 )
CALI SEIMOV

CAII STTCOV
CALL MSXYV

y
BEGIN 740
100p

120 4
ISFT VARIABLES |
350

¥ LL{} = LLL (D y ot XYLAB(} =0 0
BEGIN 230 LU = LUY {O) LLL{D =0

LOOP L] l

790
CONTINUF
LRFIR(L) ~
LREFR{2} =

MU
MU

—
[l ]

ISPACE(L) =
LLUE) =

CALL NONLA\V

CALL ERRNLY
XYLAB (1) -

215

CALL ERRNLV

CALL HOLDOV

CALLXSCALIV

ISPACE (2} =
LuuU) =

|

CALL NONILNV

914
CALI LINRV

924

hil)
hi2) =

R TURN
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c. SUBROUTINE RSR

SUBROULTINE
RSR

11

INTIA LIZE CALLULALT
BCDY, BCDY, AlsI, Al42,
BCDY1, BCDY2, ALSS, AlL,
AND BCDY ATZ AL
WRITE HF ADING Bl OMI G
RFWIND 3 Gl SWR
G2 55s1¢)
25 G PG
(Al1 CAMRAV ggn;P?TE - OVIGA -
£ +
CAILSMXYY PIPP 0 N\BRDAY 2 ~PY [
CAI L SCOUTY CHECK TOR
S1 T CONSTANTS 5 - REN-AT AN
T, dk AND PI 4 40 TATLIS O
| PIWW - 0 0 ] CoNTINGE SR
9 3551 (1)
s . PR Gy
CALCULATE
SPPF (1, BEGIN 22 P TER
FIPW (D) Loor Y
CONTINL I
1 4 KM 1
Y COMPUTE
COMPUTE FM1, FM2, 38 |
CONSTANTS RMA, HJK, TN FILE 3
HC,DY,DX HMN, AC, REWIND 3
AND BM BC, CC, CALL PRNT
POMEG, SET PLOT
20 y POWIZ, SCALES
COMPLTF PIWwW
FHZ AND 301 '
FNW (I, 9) CALL SMXYV
PLOT SPEF,
L | POMEG = § gggﬁ el
COMPUTE : CALL CLEAN
S,0X Q1 WRITE 3
AND QW YES ICT = ICT +1
22 - ¥

A 4 I CONTINUE l RETURN

COMPUTE H1,
GAMZ, OMEGA 1

ICT =0, IC=1

CALCULATE
OMEG ()
SWW (I)

BEGIN 21 PIWG 1 (I}

LOOP SSSF (D)
SPPP (I}

BEGIN 46

LOOP

=2
FT - OMEG (D)
Gl = SWW(I)
G2 = SSSF (D
G3 ~ PIWGL (D)
ATS1=0 0
ATS2=00
ATS3=0 0

| B -
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d, SUBROUTINE RFR

SUBROUTINL
RIR

n

INITIALIZE CALOUTAT
BCDX, BCDY, ATS1, ATSy,
BCDY1, BCDYZ, AT5%, AlLL,
AND BCDY3 AT2 AT
WRITE HEADING 1 OMIGn
REWIND 3 Gl Sww(p
G2~ SesI Q)
G3 PIWOLID)
X KA = JA -
CALL CAMRAV COMPUTE [Faf(t)gl (IEE:\ 9 +p
CALL SMXYV PIDD : ) L
CALL SCOUTY CHICh 1 OR
SET CONSTANTS 5 - MIN=#1aX
ICT, JK AND PI C:_J [ VALULS OT
PIWW -0 0 SWW(I)
N L SSSF(D
1 PIWGI{1)
CALCULATE '
SPEF (), BEGIN 22 .
FIPW (T) LooP 21
CONTINUF
KM -1
e COMPUTE
e o, e
HC,DY,DX HMN AC, EHD FILE 3
AND BM ) P REWIND 3
BC, ©C, CALL PRNT
POMEG, SET PLOT
20 i Powsz, SCALES
COMPUTE PIWW
FHZ AND 301
FNW (@, 9) CALL SMXIV
PLOT SPPF,
i POMEG > 5 Spvb, PrVOL
COMPUTE CATL CLEAN
8,QX,QY WRITE 2
AND QW YES ICT=ICT 4 1
22 —¥ 1
| CONTINUE ] RETURY
COMPUTE H3, -
GAMZ, OMEGA )
‘IO =0, IC=1
CALCULATE
OMEG (1}
SWW (1)
BEGIN 21 PIWG 1 (D
LOOP SSSF ()
SPPP (I}
BEGIN 40
100P

Ic=2
FT - OMEG (3
GL = SWW(l}
G2 = 888F(])
G3 - PIWGL (D
ATS1=0 0
AT§2 =00
ATS3 =0 0

Yes

OMEGA >
FSRD(NBR} *2 * P




SUBROUTINE
RSF

y

INITIALIZE
BChX, BCDY,
BCDY1, BCDY?,
BCDY!, BCDY!
WRITE HEADING
RTWIND 3

'

CALL CAMRAV
CALL SCOUTY
CALL SMXYV
Jho=2

IC1=0

Pl -3 1415927

sy

CALCULATE
SPPF(l)
FIPW()

COMPUTE
HC, PY DX,
BM, TCON

20 y

COMPUTE
FNW{I,K)

49

CLOMPUTE
5 QX ay,
AND gw

y

COMPUTE
H1L GaM2,
AND CGMEGA

BEGIN 21
LOOP

BEGIN 40
LOOP

OMEGA >
(F3RD(NAR)*2 *PD)

e,

OMFGA -

(FIRD{IAY2 +P])

25

KA =JA
COMPUTE
PIPP

y

BEGIN 22
prele) s

217

COMPUTE
X3, XM, YK,
YN, FiK,
FMN

y

COMPUTE
BMA, HJK,
HMN, AC, BC,
€., POMEG,
POWI2

PIiww

22

SUBROUTINE RSF

41

CALCUIALF
ATS] ATez
ATSs Al

AT, ATY

FI= OMR ()
Gl = SWw)
G2 8SSI(y
Gl PWG1(D)

f

CHECK 10R
MIN-MAX
VALUFS Or
SWW (I
SSSF(T)

PIWG (D)

r—“ﬁ-———-b

23

CONTINUF
KM - I

ay

LND FILI
REWIND 3
CALL PRNT
SET PLOT
SCALIS

301 y

CALL SMXYV
PLOT SPFF,
SWW, 888F
SPPE PIWGL
CALL CLEAN

WRITE 3

ICT=ICT+1
7

I CONTINUE '

f

CALCULATE
OMEG(T)
SWW (D)
PIWGLD)
SSSF(D
SPRP(I)

IC=2
F1 = OMEG()
G1= SWW(D
G2 = SSSE()
G3 = PIWGL()
ATSI=0 0
ATS2 =00

RETURN

ATS3 =0 ¢

y [——
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H. PROGRAM LISTING
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$IBFTC RAND
PROGRAM R AN D O #
COMPUTER PROGRAM FQR PREDICTION OF STRUCTURAL VIBRATIONS
DUE TO FLUCTUATING PRESSURE ENVIRONMENTS, COMBINATION
OF PROGRAMS RSRPC1, RFRPC1, AND RSFRP1., RECTANGULAR
CYLINDRICAL SHELL PANEL CROSS-REINFORCED WITH RIBS AND
STRINGERS, BOUNDARY CONDITIONS - FOUR EDGES SIMPLY-SUPPORTED,
FOUR FDGES CLAMPED, TWO OPPOSITE EDGBES SIMPLY-SUPPORTED
WHILE OTHER CLAMPED, INPUT EXCITATION SPECTRAL DENSITY
AND OUTPUT DISPLACEMENT, STRESS AND ACCELFRATION SPECTRAL
DENSITIES ARE PLOTTFD IN GRAPHIC FQORMS,
DEVELOPED BY CHRYSLER HUNTSVILLEF OPERATIONS, UNDER MSFC
CONTRACY NASS8-21403.
DIMENSION FNW{(10,10),F3RD{40),S3IRO(40),SPPPL40OM)
DIMENSION FIPW(40),8PPF¢40),0MEG(400),PINGLC40N)
DIMENSION SWW(4a00),SSSF (400}
COMMON /INPUT/ PL+B,RHD,HS,CI.X,Y,FINN,AL,C,PLP,RP,
JA2,F,EP,VIP,ALL1+BL1,AI1,A)2,H2,HP,RAD,RHOP,RLA
COMMON /OUTPUT/ FNW,F3RD,SZRD,FIPW,SPPF,OMEG,PIWGYL, SHUW,
1SSSF,SPPPN3R,KM, UK, ICT,PAS, ATS1,ATS2,ATSS,AT1,ATZ,ATS,
20%,0QY,0W,6AM2, IRD
C RFAD AND PRINT INPUT DATA

READ (5,133) NP,N3R

READ(S:5)YPL,BsRHD,HS

READ(5,5)1C1 s Xs Y, FINM

READ (5,5 Ai,C,PLP,BP

READ (5,5) A2,E,EP,V]P

READ (%,5) AL1.,BL1,Al1,4Al2

READ t5,5) H2,HR,RAN,RHOP

READ (5,8)Y(F3RD¢!),S3RD¢IY,121,N3R)

WRITE (6,103) PL,B,RHO,HS,C1,X,¥,FINN:AL,C

WRITE (6,132) PLP,BP,A2,E,EP,VIP,ALL1/BL1,AI1,A12,H2,HP,RAD,RHOP

G0 TO (200,201,202,200):NP
c CALCULATING RESPONSFS OF FQUR EDGES SIMPLY-SUPPORTED PANEL

200 CALL RSR

IF (NP _NE, 4) GO TO 99

c CALCULATING RESPONSES OF FQUR EDBES CLAMPED PANEL
201 CALL RFR
IF (NP .NE, 4) GO TO 99

s EsBeoNoRsReReReRe Ne No e

c CALCULATING RESPONSES OF TWO OPPROSITE EDGES SIMPLY~SUPPORTED
C WHI1E OTHER TWO CLAMPED PANEL
202 CALL RSF
99 STQP
5 FORMAT{4F15,8)
8 FORMAT(8F8,1)
103 FORMAT(1H1,10X,16HINPUT DATA 1/

120H PL = PANEL LENGTH =,E12.5.,/,

218H B = PANEL WIDTH =,E12.5./,

330K RHO = MASS DENSITY OF PANEL =2,E12.5./,

423H HS = PANEL TH!CKNESS =,El12,5,/,

521iH CI = DAMPING RATIO =,E12,5,/,

629H X = COORDINATE OF VECTOR R =,E12.5,/,

729H Y = CONRDINATE OF VECTOR R =,E12,5,/,

862H FINN = ONE NTH OCTAVE FREQUENCY INCREMENT =
9:E12.5:/,34H A1 = DECAYING CONSTANT - LENGTH = E12.5.,/,
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$21H C = SPEED 0OF SOUND = E12.5)

132 FORMAT¢48H PLP = LEMGTH NF PANEL SURJECTED TQ EXCITATION =E12.5,/,

t46H BP = WIDTH OF PANFL SUBJECTED TO EXCITATION =E12.5.,/,
233H A2 = DECAYING CONSTANT ~ WIDTH =2£12.5./,
330HM E = YOUNGS MODULUS OF PANEL =E12.5./,

A36H EP = YOUNGS MODULUS OF STIFFENERS =E12.5,/,

523K VIP = POISSONS RATIO =E12.5./:

&44H AL1 = SPACING OF Y ~ DIRECTION STIFFENERS =E12.5,/,

744H BL1 = SPACING OF X ~ DIRECTION STIFFENERS =£12.5,/,

857H AT1 = MOMENT OF INERTIA OF ONE Y - DIRECTION STIFFENER =E12.5,

9/,57H A12 = MOMENT OF INERYIA OF ONF X - DIRECTION STIFFENER =
$E12.5,/+,48H H2 = LARGEST HEIGHT OF STIFFENERS AT VECTOR R =F12.5,
%/,43H HP = SMEARED-QUT THICKNESS OF STIFFENERS =E12.5./,

$24H RAD = RADIUS OF SHELL =E12.5.,/,

$36H RHOP = MASS DENSITY OF STIFFENERS =E12.5,///)

133 FORMAT(415)

$IBFT

200

20

204
207

203

204

202
208

END

C PNT

SUBROUTINE PRNT

DIMENSION FNW(10,40¥,F3RDL40),53RN4D)Y,8PRPL400)
DIMENSION FIPW{40),SPPF(40),.0MEGt4D0) ,PIKGLIL40RN)
DIMENSGSION SWWI400),SE5SFL400)

OCOMMON /INPUT/ PL,B,RHO,HS,Cl.X,Y,FINN,AL,C,PLP,RP,
1AZ2,E«EP,VIP,ALL,BLL, AL, ATR2,H2,HP,RAD,RHOP,RLA

COMMON /0UTPUT/ FNW,F3RD,S3RD,FIPW,SPPF,OMEG,PIWG1,SWW,
1SSSFySPPPN3R:KM, UK ICTPAS,ATS1,ATS2,ATS3)ATL,AT2,AT3,
28X.0Y,0W,5AM2,]RD

P1=3.,1415%927

WRITE (6,110)

DG 200 I=1|N3R

WRITE (6,115) FIRDLIILS3RD(I).SPPF{IY.FIPN(I)
WRITE (6,100)

po 201 Js1.9

Do 201 K=1,9

FHZ = FNR{J,K)/t2,#P])

WRITE (6,120) J,K.FHZ s FNW(J,K)

WRITE (6,125)

WRITE (6,130) ( OMEGLI),SWW(I),SSSF(I),PIWGL(]),SPPP(]),!31,KM)
[F tJK ,EQ, 2) GO TO 203

WRITE (6,102) ATS1.,ATSZ,ATS3

WRITE (6,101) ATY,AT2,AT3

WRITE (6,131} QX,0Y.QW.GAM2,FINN

GO TO 204

WRITE (6,102 ATSL1,ATS2,ATS3,:PAS

PA=SQART(PAS)

WRITE (6,101) ATL:AT2,AT3,BA

WRITE (6,131) QX,0Y,0QW,GAM2,F INN

WRITE (6,105)

IF ¢ICT .EQ, 0} GO 7O 208

Do 202 1=1,1CY

READ (3) POMEG ,J.K,M,N,POW,J2
WRITE (6,104) POMEG ,J,K:M:N,POWJ2
REWIND 3

WRITE (6,50}

RETURN
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50 FORMAT(12H1END OF DATAY

100 FORMAT(1H1, 36H NATURAL FREQUENGIES J/2XAHY K, 1
10%3IHFHZ, 20X3IHFNW/16X2HHZ, 18XTHRAD/SEC/ /)

101 FORMAT(13H RMS VALUE ,4E16.8,/)

107 FORMAT(/,13H MS VALUE ,4E16.8,/)

104 FORMAT(F12,5,413,3E15,.8)

105 FORMAT(11H1 FREQUENCY,»5X,4HMODE,5%;16RJ0OINT ACCEPTANCE,/,
14%,BHHERYTZ,6X,7HINDICES, 8%, 6HSQUARE,/,14X%,10HJ K M N, /)

107 FORMAT{11X,30HOVERALL MEAN-SQUARE PRESSURE =,E15,7)

110 FORMAT(///,3BX16HINPUT EXCITATION//RX14HONE-3RD OCTAVE,7X20HONE-3R
1D OCTAVE LEVEL,7X16HSPECTRAL DENSITY,7X16MSPECTRAL DENSITY/BX14HME
2AN FREQUENCY 12X11HIN DECIBELS,11X17HIN DECIBELS/HERTZ,6X17HIN PS]
3 SQ/RAD/SEC/14X4HF3PD,19X4HSIRD, 22 X4HSPPF , 20XAHFIPH/ /)

115  FORMAT(F20.3,3XF20.3,6XF20.3,6XFE20.5)

120 FORMAT(213, F15.5,7%,F15.5)

125 FORMAT(13H1 FREQUENCY,3X%,12HDISPLACEMENT, 7X,&4HSTRESS, 7X,
112HACCELERATION,S5X,10HEXCITATION, 7,18%, 8KRESPONSE, 4X,
216H RESPONSE » 4%, BHRESPONSE
3/,6X,5HHERTZ,3X,16H INCH SQ/HERTZ ,2X,12HPS] SO/HERTZ,5X,10HG SQ/
4HERTZ,4X,14MPSI SQ/RAD/SEC,/)
13n FORMAT(IX,F12.5+,4E14,8)
131 FORMAT(/,5H QX =E12,5,2Xs4HOY 2F12,5,2X,4H0W =F12.%,2X,8HGAMMAZ =
1E12.5;/’8H FINN =JF5!1/’
END
$IBFTC GRID
SUBROUTINE GRIDLV (L, XL,.XU,YL,YU,DX,DY,NN>MM, 11, JJ,NX,NY)
c GENERAL GRID SUBROUTINE FOR SC4020 =~-- LINEAR OR NONLINEAR IN -
C EITHER VERTICAL OR HORIZONTAL
DIMENSION XYL(Z2),XYUL2Y,DXYU2)Y,NM(2),1J€2),NXY(2),XYLARB(2}Y, LREFR(
129, K02, LLL 2, LUUE2Y s LL(2), LU 2) L, MTL €2, MTU(2), ML (2, MU(2),1TTI2)
2,1SPACE(2),ITOP(2)
EQUIVALFNCE (ITOP(L),MUHY ,(ITOP(2),MUV)
c STOP TYPE-=MAY NOT NEED
Nyzs-3
70 CALL STOPTV
CALL BRITEY
IF¢L-2) 95,110,95
95 IND=L-1
100 CALL FRAMEV(IND)
110 CALL SETMOV (MTL{1) ,MTUCLI, MTL(2) . MTU(2))
CALL SETCHV ¢IWIDE, 1HIGH}
CALL MSXYV (K{1},K(2))
120 XYL(i)=xL
XYL(2)=YL
XYU¢1)=Xy
XYut2)y=yy
DXYt1y=DX
DXY(2)=DY
NM (1) =NN
NM(2)=MM
Tdeid=11
TJ(2)=JJd
NXY(1)sNX
NXY(2)sNY
Do 230 1= 1,2
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229
2350

24n

244
245
244

2%1

300

33n
34n
350
355
360
379
38n
390

421
44n
445
460

465
481

66n
6672

669

670

692
700

758
760

I[SPACE(T)=0

LUutly=o .
IF(NXY(1))Y 229,230,230
NXYCE)=7-NXY(T)

CONTINUE

IF{NXY(2))240,244,240
TSPACE(L)YSNXY(2)*IWIDE+IWIDE#6
LIU(2YsIHIGH+6

IF{NX) 245,250,246
ISPACE(2)=1HIGH/2
ISPACE(2)=ISPACE{2)y+]HIGH+6
LHUCLY s (NXY (1) #TWIDF)Y /2

CALL HOLDOQVEIND)

COMPUTE LABEL MARGINS,IF IND 1S ZERQ
DO 445 I1=21,:2

LLLOIY=I8PACEL])

XYLAB(IY=XYL(1}

IF(=-1J¢T)Y 330,360,360

IF{XYLLT)YY 340,360,340

IF (XYL (D) *XYULIY)Y 350,350,360
XYLABt!Y=0.0

LLLtIy=D

IF(NXY (1)) 370,380,370
LLL(i)=MAXO£LUU!1)+THIDE+2:LLL(1)5
IF(IND)Y 420, 390,420

LL¢l)=LLLeI?

Luly=LUULETY

MLODY=LLCIY«eMTLITY
MUCT)Y=[LUCTY:MTULTY
ITTCIy=MLET Y+ MUY
LREFR{IY=MTL(I1)+3

END OF LOOP FROM 30U

FF (MINO(NMILY,NM(2)))445,660,660
[T=MAXOCITTLLIY,ITT(PY)
MUCLY=TT-ML(1)

MU(2)=1T=M (2)

ERROR TESTS AND SCALE
IF(K{1)1662:669,6672

CALL ERRNLVIXYL (L), XYUCL), ML (L) MUCI)Y,DXY (1))
XYLAB(1)=XYL(1)

GO TO0 670

CALL FRRUINVEXYLE1Y,XYUCL),MLELY, MULL),DXY (L))
CALL XSCALV (XYL(1Y,XYUE1)Y, ML (1Y, MUC1) )
IF (K(2Y) 682,692,682

2 CALL ERRNLV (XYL(2),XYU{2),ML(2),MU(2),DXY(2))

XYLAB(2)=XYL (2)

GO TO 700

CALL ERRLNY (XYL(2),XYUL2),ML(2),MUt2),NXY(2))
CALL YSCALV (XYL{2),XYUt2),ML(2),MU(2))
[TTELYSNXVIXYLABL(L) Y=TISPACE(L)
ITT(2)=NYV(XYLAB(2))Y=1SPACE(2)

Do 790 [ayg.2

[TOP{1)=1023~-MU(]}
IFCITT(I)-MTLC]))760,780,780

IF(“IJ(I)’ 7701790:790
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770 1J{(1Y=~1J0C1)
GD TO 30¢
780 LREFR(IN=ITT(!)+2
700 CONTINUE
B0% LREFR(1)=sLREFR{1)}+[WIDE+IWIDE/2
LREFR(2Y=LREFR{2}+IHIGH/2
8in IF(K(1)) 820,850,820
82n CALL NONLNVC1,LREFR(2),ML{2) MUV, XYL (LY. XYUCLY,DXY (1), NMC1),1J(1)
1:NX: IWIDE)
G0 70 870
B50 CALL LINRV(1,LRFFR{2),ML(2), MUV, XYLE1), XYULL1),OXY (1) NMELY,TJCLY,
INX, IWIDE)
B7n IF(K(2)) 880,910,880
B8O CALL NONLNVIZ2,LREFRCLY ML LY MUH, XYL L2, XYUE2),DXY{2)NM{P), 1 J(2)
1,NY, IHIGK)
900 GO TO 924
91n CALL LINRV(2,LREFRC1},MLI1Y , MUH.XYL(2),XYU(2),DXY(2)Y,NME2),1J(2),
INY,ITHIGH)
c TO CLEAR ERROR INDICATOR --~IF GRID DATA IN ERROR ,ERROR INDICATNORS
c IMIGHT NOY RE CLEARED
924 KI1)=NXV(XYL(1))
KE{2)sNYv(xXyYL(2))
930 RETURN
END
F$ORIGIN A
$IBFTC RSR1
SUBROUTINE RSR
PROGRAM NUMBER 823-1002-~6
RSRPC1
CALCULATION OF RESPANSE OF SIMPLY SUPPORTFD RFCTANGUL AR PANELS
CROSS~REINFORCED WITH STIFFENFRS
INPUT PARAMETERS
PL = PANEL LENGTH
B = PANEL WIDTH
RHD = MASS DENSITY 0OF PANFL
HS PANEL THICKNESE
cl DAMPING RATIO
COORDINATE NnF VECTOR R
COORDINATE OF VECTOR R
N = ONE NTH OCTAVE FREQUENCY INCREMENT
CONSTANT
SPEED OF SOUND

H
o nHZun

X
Y
F
A
c
PL LENGTH OF PANFL UNDER EXCITATION

BP WIDTH OF PANEL UNDFR EXCITATION

F3RD = ONE~THIRD OCTAVE BAND CENTER FREQUENCY

S3RD = SOUND PRESSURE LEVEL

DIMENSION FNW(10,10),F3RDt4N0n),S3RD(40),BCDX¢E12)Y,BCDY(12)

DIMENSION FIPW(40),SPPF(40),0MEG(400),PIWG1(400),RCDY1(12)

DIMENSION BCDY2(12),SWW(400),8SSP(400),RCDY3(12)

DIMENSION SPPP{400)

COMMON /QUTPUT/ FNW:F3RD,S3RD,FIPW,SPPF,OMEG,PIWGL, SWW,
1SSSF,SPPP,NBR, KM, JK)ICTPAS,ATS1,ATS82,ATS3,AT1,AT2,ATS,
20X%,0Y,0W,GAM2, [IRD

COMMON /INPUT/ PL,B,RHO,HS,Cl,X,Y,FINN,AL,C,PLP,BP,
1A2,E4EP,VIP,ALL1,BL1,AI1,A]2,H2,HP,RAD,RHOP,RLA

QOO0 0OQOOOOO0O000n
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10601

49

DATA RCDX/72HFREGQUENCY (M7?)

1 /

DATA BCDY/72HACCELERATION G S0/H2
1 /

DATA BCDY2/72HDISPLACEMENT INCH SQ/HERYZ
1 /

DATA BCDY3I/72HSTRESS SPECTRAL DENSITY PS! SQ/HERTZ
i /
DaTA BCDYL1/72HSPPF DB/HZ

1 /
WRITE (6,108)
iCK=l
REWIND 3
JK=1
PI=3,1415927
SWMi= 1.E10
SWMX= 1.E~-10
SSMI= 1.E10
SSMx=z 1.E-10
PIMIZz 1,E10
P!MX: 1 05-10

Cat.l. CAMRAV(9)}

CALL SMXYV(1,0)

CALCULATE EXCITATIOM SPECTRAL DENSITY

DD 9 I=1,N3R
SPRF{IY=S3IRN(I1)-10,#AL0G10(0,2315=2F3RD{I))
FIFW{IY=1,/742,0%#P 1)} 230,02 ((SPPF{1Y-170.576}/10.,0)
CoNTINUE

CALCULATE NATURAL FREQUENCIES
Ho=F#HS#HS#HS/ (12, %1 . ~VIP#yIP)

Dy=HC+Ep#AI2/AL1

Dx=HC+EP+AY1/BLY

BM = RHO#HS+RHOP*HP

Do 20 l=1.9

Do 20 J=1.9

RM=1

RNz

FHZ=OX={RM /PLY#nd 4?2 , xHCH IRMuRN/(PL#BY ) #a2¢DYR(RN/Biang
L1+E#HS/ (RAD#RAD® (P )#%4n(t, o {PL*¥RN/(B#RM) ) un2)442)
FNWEE, J)=PIapPI#SQRT( 1,/BM)Y+SQRT¢{FHZ)

CONTINUE

CALgULATE CONSTANT TO CHANGF DISPLACEMENT INTO STRESS
Qx=0,0

0Y=090

QH:O;U

Sz=BP*PLP

Do 49 1u=1,5,2

0o 49 K=1,58,?

RM=1tJ

RN=1K

FSIN=SIN(RM*PI*X/PLI*SIN{RN*PI#Y/R)
ACON=RM#RN*DX# (RM/PL Y% 442 #HC# ¢t RMERN/{PLaBYY##24DYR(RN/B)%*%4)
AX=0X+{{RMaPI/PLY#a2+VIPa(RN&P]/BY#*2)#(FSIN/OCON)
QYsQAY+ L (RN®P1/BY#a2+VIPa{RMaPI/P Y42 néFSIN/QCONY
QU=0W+FSIN/QCON
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000

25
30
35

40

45

HizHS+H2
GAMZ2SE®HL1*HI#E/ (4,51, ~VIP#VIP #2212 {({QX*OX+QYA0Y) /{QW#OWY )
CALCULATE EXCITATION PRESSURE FROM ONF=-THIRD OCTAVE DATA
CON=  2.0#a(1.0/FINN)

OMEGA=F3RD({1)#2,0%P!

ICT=0

IC=1

D0 21 1=1,400

N3R1=N3R-1

DO 40 JA=z1,N3R1

IF ¢ OMEGA ,GT. (F3RPDIN3ZRI*2,%P1)) GD T0O 69
IF(OMEGA~(FIRD(JAY*? ,%xP1))25,25,30

KA=JA

GO TO0 35

TAzJA+1

IF(OMEGA-(FIRND(IAY*2,%P1Y1325,25,40

PIPPZF IPWIKAY+(FIPW{KA+1)~FIPW(KA))*(OMFGA-F3RD(KA)Y*2 ,#P]Y/((F3RD
1(KA+L)Y~FIRDIKAYY*2 , #PT)

G0 TO 45

CONTINUE

PlWWz=0,0

no 22 J=1,%

Do 22 K=1,5

b 22 M=1,5

Do 72 N=1,8%

RK=K

RMNaN

RJ=J

RM=M

FMi=SINCRJ#PI#X/PLY*SIN{(RK#P]#Y/R)
FM2=SIN(RM#PI#X/PLI*SIN(RN*Pl#Y/B)

RMA=RHO*HS#B*PL /4,0

HJK=ABS {1,/ (RMASART(IFNWIJ,KI#FNW(J, K)~OMEGA#DMEGA Y #22
1€ (2. 3CI#FNW(J,KI®OMEGAY#%2)))
HMN=ABS(1,/(RMA#SORT{(FNW{M,NY*#FNW(M,N)~OMEGA®OMEGA ) #»2
1+E2,3CI#FNWIM N)SOMFGAY ##2) )

CALCULATE JOINT ACCFPTANCES

AC=(1, ~(OMEGA/FNW(),KY ) 2#2) (1, ~(OMEGA/FNW(M,N))a82)«4 G aCI#OMEG
LA#2 /7 {FNWIJ KYSFNW (M NYY

BCe~2. %t (CI#0OMEGA/FNWLJ,KY)*#{1,~(OMEGA/FNW(M,N))xu2)«CI#OMEGA/
TFNUWIM NY=(], <« OMEGA/FNWN(J,K)Yuu2Yy)

CC=AC=AC+BCH*RC

CON1=(AL#OMEGAPL/CY*{A15OMEGAR®P| /()

CONZ=sRJ*P1T

CON3I=RMu#P!
CONG=CONZ2#CON3#( (2, ¢EXP{~AL#PL*OMEGA/C)# (=1, 08 Je1)e((~1,) s
T(M+L)I Y/ LCCONL+CON2*CONRYS (CONLI#CONI®CONT YY)

CON7sRK=P1

CONB=RN&P!

IF tJ (NE. M) GO TO 46

PJdM = (AL »PLsOMEGA/C/2.%(1,./(CONL2CON2SCONZY+
11,/tCONL+CONZ*CONI Y I+CONG)

GO TO 47

46 PJJM = CON6¢RM /(CON1+CONI#CONZY#( ((~1,)un(J-M)m1, 3/(2.%

T(RJ-RMII 4L trL, ) et JaM)=1, ) /{2, #tRI&RM)))
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2 +RJ S ICONLI+CON2eCONRY®{( (=1, uut{M~J)~1,)/(2,#{RM=-R)))
3*(‘—10,**(M'*\J)"ln,/‘20*(RM+P\J)’}
47 CON1=(A2=0OMEGAR /CYy+(AZ#0OMFGA*R /C) )
CONGsCON7#CONB=#( (2. +EXP(~AZ2#R #*OMEGA/CY# (-1, )s%(K+l)+(l-1,)2*
A(N+1Y NI/ CLCONL+CONT=#CONT7 Y2 (CONLCONB=CONB YY)
IF(X .NE, NY GO TO 48
PJKN = (A2#PL#0OMEGA/C/2,%(1,/(CON1+CONT7=CONT )+
11./(CONL+CONB=CONB)YY+CONSY
GO TQ 23
48 PJKN = CQON&+RN /(CON1+CONB#CONBY*( ((~1 ., 3%s(K-N)=-1,)/(2.#
F(RK~RN})+({~1, )% (KeN)=1 V/L2.5(RK+RN) )
?  4+RK (CON1+CON7*CON7 Y#{{ (1, yuwtN-K)~1,3/(2,%(RN~RK})
T+l (-1,. )22 (N+K)~1,)/€2,%#(RN+RK)))
23 POMEG=0MEGA/(2.%#P1)
POWZ=RJJMaP JKN#AC/SQRTILCC)
PIWWZPIWW+FM1#FM2aHJKeHMN=POW 2
IF ¢(POMEG ,GT. 5,) 10 TO 22
WRITE (3) POMEG ,J.K,M,N,POWJ2
ICT=ICT+1
22 CONTINUE
OMEG( ] )=0OMEGA/(2,%P1)
CALCULATE DISPLACEMENT, STRESS,AND ACCELERATION
PIWWsPIWW#S=S%PIPP
SWWElYsPIWW®2 ,#P]
FPIWG =OMEGA®#4¥P MY
FIWGL¢1Y=4,215093E~054P WG
FPSSW=GAMZ#PIWW
SSSF{1)=2,#P#P3SW
SPPP(1)¥=2.#PI*PIPP
CALCULATE MEAN SQUARE
IF ¢ IC NE, 1 ) GO TO 41
F1=0OMEG(I)
Gi=SWW(])
G2=8SS8F (1)
G3zPIWG1(])
ATS1=0,0
ATS2=0,0
ATS3s0,0
iC=2
GO TO 21
49 ATSI=ATS1+(G1«SUWIIY)/2. . #(0MEG(TY~F1)
ATS2=ATS2+(G2+SSSF (1)) /2, »(OMEGE]Y~F1)
ATS3=ATSI+(G3+PIWGLEIYY /2, #(QMEGETY=F1)
CALCULATE ROOT-MEAN SOUARE
Fi=0MEG¢)
Gl=SWW{I)
G2=8SSF(1}
G3=PIWGLLL
[F(SWWELY LLT,., SWMI ) SWMIsSWW{I)
FFOSWWLLY L,GT, SWMX) SNMXESNN{I)
[F(SSSFLIY LT, SSMI)SSMI=SSSF({1I)
IF(SSSF(1Y .GT, SSMX)SSMX=888F{1)
IF¢(PIWGL(Y) LT, PIMI) PIMI=PIKGI(ID)
IF(PIWGLCTY ,GT. PIMX) PIMX=PIWGL(])
OMEGA= OMEGAs# CON
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21

ga
98

301

CONTINUE

KM=l

GO TO 98

KMz1=1

END FILE 3

REWIND 3

AT1sSQRT(ATSY)

AT2=SQRT(ATS2Y

AT3=50RT(ATSE)

CALL PRNT

DSW SWMX/1,E9

D8Ss SSMX/1.E9

DP1 PIMX/1,E9

DO 301 T=1,KM

TF{SWN(I) ,LT. DSW) SWHW(IY=DSW
IF{SSSF(I)Y LT, DSSY SSSF(!3)=DSS
IF{PIWGL¢IY ,LT. DPI)Y PIWGLt1)=DPI
CONT INUE

PLOT EXCITATION, DJISPLACEMENT, STRESS, AND ACCELERATION

CALL QUIK3V(-1,44,BCDX,RCDY1,-N3R,F3RD,SPPF)
CALL sSCOUTyY

CALL SMXYV(L,1)

CALL QUIK3v({-1,44,BCDX,BCDY2, KM, OMEG,SWW)
HRITE 116,106) ATH,FINN

CALL QUIK3V(-1,44,BCDX,RCDY3,~KM,OMEG,SSSF)
WRITE (16.106) AT2,F NN

CALL QUIK3VY(t-1,44,BCDX,BCDY,~KM,OMEG,PIWGY)
WRITE (16,106) AT3,FINN

CALL CLEAN

106 FORMAT(11X,31H ROOT~-MEAN-SQUARE RESPONSE = E15.7:5X,6HFINN =

1F6,2,10X%,6HRSRPCE )

108 FORMAT(96HLCALCULATION OF RESPONSE OF SIMPLY SUPPORTED RECTANGULAR

1 PANELS CROSS~REINFDRCED W]TH ST]FFENERS)

RETURN
END

FORIGIN A
$IBFTC RFR1

QOO aaOoaOoaoOQaacan

SUBROUTINE RFR

PROGRAM NUMBER 823-1002«7

RFRPC1

DYNAMIC RESPONSE OF FOUR-SIDE FIXED RECTANGULAR
SHELL PANELS CROSS~REINFORCED WITH STIFFENERS
INPUT PARAMETERS

PlL. = PANEL LENGTH

B = PANEL, WIDTH

RHO = MASS DENSITY OF PANEL

HS = PANEL THICKNESS

C! = DAMPING RATIO

X = COORDINATE OF VECTOR R

Y = COORDINATE OF VECTOR R

FINN = CONSTANT TO DETERMINE OCTAVE BAND CENTER FREQUENCIES
AL = CONSTANT

C = SPEED OF SOUND

BP = LENGTH OF PANEL UNDER EXCITATION

PLP = WIDTH OF PANEL UNDER EXCITATION
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F3RD = ONE-THIRD OCTYAVE BAND CENTER FRERUENCY

S3RD = SOUND PRESSURE LFEVFL ~

OIMENSION FNWE10,103,F3RD(40),S3RD(40),RCNXE12),BCDY(12)

DIMENSION FIPW(40),SPPF(40),0MEG(40N),PIWGLE400),RCNYL(I2)

DIMENSION BEDY2(12),SWW(400),SSSF(400),BCDY3I(12),BCDY4(17}

DIMENSION SPPP(400)

COMMON /QUTPUT/ FNW,F3RD,S3IRD,FIPW,SPPF,OMEG,PINGL, SWW,
A18SSF  SPPP,N3R, KM, JK, ICT,PAS, ATS1,ATS2,ATS3,AT1,AT2,AT3,
29X, 0Y,QW,GAM2, IRD

COMMON /INPUT/ PL,B,RHO,HS,Cl,X,Y,FINN,AL,C,PLP,BP,
1A2,F+EP,VIP,AL1,BL1,AT1,A12,H2,HP,RAD,RHOP, R A

DATA BCDX/72HFREQUENCY (HZ)

1 /
DATA BCDY/72HACCELERATION G SQ/HZ
1 /

DATA BCDY2/72HDISPLACEMENT INCH SQ/HMERTZ

1BATA BCDY3/72HSTRESQ/SPECTRAL DENSITY PSI SQ/HERTZ
1DATA BCDY1/72HSPPF SB/HZ
1DATA BCDY4/72HSPECTHKL DENSITY PSI SO/HERTZ
1NRITE {6,108) ’

REWIND 3
JK=?

ICT=0
Pl=3,1415927
SWMI= 1.E10
SWMX= 1,E-10
SSMI= 1.E10
$SMX= 1.E~10
PIMI= 1,E10
PIMX= 1.E~-10

CALL CAMRAV(9)

CALL SMXYV(1,0)

EQUATIONS 11 AND 12

CALCULATE EXCITATION SPECTRAL DENSITY
DO 9 I=1,N3R
SPPF(1)=S3RD(1)~10,4ALOGL0(0,23154«F3RD(1))
FIPW(I)=1./f2.0*PI)*10.0**€(SPPF(I)-170.576)/1B.0)
CONTINUE

CALCULATE NATURAL FRERUENCIES
EQUATIONS 1 AND 2
HC=E#HS=HS#HS/(12,#(1,~VIP=VIP))
DY=HC+EP®#AIZ2/AL1L

DX¥=HC+EP=AT1/BL1

BM =2 RHO#HS+RHOP#HP

FCON = PI*PI/SQRT(BM)

Do 20 J=1,9

DO 20 K=1,9

RJ = J

RK = K

IF¢J .NE. 1 ,AND, K .ME, 1) GO T0O 18
IF¢J .EQ, 1 AND, K ,NE, 1) GO TO 16
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a0

IF¢d NE, 4 ,AND, K ,FOQ, 1) GO TO 17
FHZ = DX=t1.5056/P V5 d+DYs (L. 5056/B)=ed+2,%H0s!],2466/(PL#R) ) *s2
T+EsHS/{RAD#RADM{P I ynedu (L, +{PL/RY®(PL/B)Y )& #%2)
GO TO 419
1A FHZ = Dx#{1,50B6/PLY*#4+DY¥%{{RK+,5)/Bysnd
142, #HC#{ (1 .2466%(RK+ B2 ({RK+,5)-.63566))1/tPL*PL#B*E))
R+EBHS/(RAD#RADS¢P T yuadu(l,+ ((RK+,5)/1.5056)#a22a(PL/R)s(PL/B))5*2)
GO TO 319
17 FHZ = DX¥=((RJ+,5)/PL)#nd+Dys{: BOSE/B y##4q
142, 8#HC+#(1,2466%(RJ+.5)¥#((RJ+,5)~,63866)Y/(PL#FPL=R4B)Y)
2+E#HS/{RADARAD® (P T uude (1, +(4.5056/{RJ+.5y)4224(PL/B)s{PL/B))u#2)
G0 10 419
18 FHZ = DY2((RJ+,B)/PLYuud+Dys{(RK+.5)/RYy##*4
142, 2HC#CtRJ+,5) 4 (RK+ . B5)=({RJ+.5)~. 63662 IRK+,5)~ 6386)/(PL#PL¥R+R
RIV+ERHS/(RAD#RAT# (Pl Yesd# {4 ,+{(RK+ B)/(RJ+ ,B))1ax2
J#{PL/B) & (PL/B))##2)
19 FNWCJ,KY = FCON*SORT(FHZ)
20 CONTINUE
CALCULATE CONSTANT TO CHANGF DISPLACEMENT INTD STRESS
EQUATION 16
B¥=0,0
Qy=0.0
Quw=0.0
S=BPuP|P
Dn 49 1J=1,5.,2
PO 49 [K=1,5,2
RM=1.)
RN=1K
FSINSSIN{RMePI#X/PLY#SINI(RN#PI#Y/R)
QCON=RM®RN# (DX (RM/PLYs#4+2  #HC# (RM#RN/(PL#B) ) »u2+DY*(RN/B)Y*:4)
AXsOX+{ {RMsPI/PL)##2+VIP#(RN*PI/B)u+2)%(FSIN/QCON)
QY=RY+{{RN#PI/B)*«24VIP# (RMaP[/PLY#42)Ya(FSIN/DCON)
49 QW=0W+FSIN /QCQON
HisHS+H?
GAM2sE#HL#HL*E/ (4, (L, ~VIP#V]P)#&2 )+ (QX*AX+AY#RYIY/LQWROW) )
CALCULATE EXCITATION PRESSURE FROM ONE-THIRD OGTAVE DATA

1000 CoON= 2.0#+t1.0/FINN)

25
30
35

40

OMECA=F3RD(1)*2.0%pP!

IC=1
Do 21 1=1,400
N3R1=N3R~1

D 40 JA=1,N3R1

IF ¢ DMEGA GT, (FIRD(N3RY&#2Z,2PI)Y GO TO 99
IF(OMEGA-(F3RD(JAY D2 #PT)Y¥25,25,30

KA=.JA

Go TO 35

TAzJ A+

TF{OMEGA-tFIRDtIAY»?  #P[))25,25,40
PIPPEFIPWIKA)YE(FIPW{KA+ L) =FIPW(KAY Y #(OMEGA-F3RDIKAY#2, &#P1Y/C(F3RD
1(KA=1)~F3RDIKAYY#Z, #P 1Y

G0 TO 45

CONTINUE

45 PIWW=0.0
Dn 22 J=105
Db 22 K=1,5
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NO 22 M=1,5

Do 22 N=z1,5

RJ=.J

RK=K

RMaM

RN=N

CALCULATE THE NORMAL MODE
EQUATION 4

CX1 = 1.50564P#X/PL

CyYl = 1.5056%P1xY/B

CXJd = (RJ+,5)=PI#X/PL

CXM =2 {RM+ ,BY#PI#X/PL

CYK = (RK+,B)Y#PI*Y/R

CYN = (RN+,5)#Pl*Y/P

CHX1 = (EXP(CX1)+EXP(~CX1))/2.
SHX1 = (EXPICULII~EXP(-CX1))/2.
CHY1 = (EXPC(CY1)+EXP(=CY1))/2.
SHYY = (EXP(CY1)-EXPU~CY1))/2,
CHXJ = (EXPLCXJY+EXP(=CXJY)}/2,
SHXJ = (EXR{CXJY~EXP(~CXJY)/2,
CHXM = (EXP{CXMIY+EXP(=CXM))/2,
SHXM = (EXPLCYXMY-EXP{~CXMY)/2.
CHYK = (EXP(CYK)+EXP{~CYK))/2.
SHYK = (EXP{CYK)=EXP(-CYK}}/2.
CHYN = (EXP(CYN)+EXR(~CYNY)/2,
SHYN = (EXPI(CYN)-EXP(-CYNY}/2.

IF¢(d .67, 1Y GO TO 210
XJ = CHX1-COS{CX1)-,9825%(SHX1~SIN{CX1)}
GO TO 211
210 XJ = CHYXJ = COS(CYJI~(SHXJ=SIN(CYJY)
211 IF ¢K ,GT. 1) Gn 70 212
YK = CHY1-COSI(CY1)~-,9825#(SHYL~-SIN(CY1))
GO TO 213
212 YK = CHYK=~COS(CYK)~{SHYK~SIN(CYK))
213 IF(M .GT, 1) GO TO 214
XM = CHX1-COSICX1)~,98258(SHX1~-SIN{CX1)Y)
GO Y0 215
214 XM = CHXM~COS{CY¥MI-(SHXM=-SIN{CXM))
215 IF(N .GT, 1) GQ TO 216
YN = CHY1-COS(CYL1)~,.9825#({SHY1-SIN(CY1})
GO TO 217
216 YN = CHYN~COSI(CYN)=-(SHYN=-SIN{CYN))
217 FJK =z XJ#YK
FMN = XMuyy
EQUATION 5
RMAzRHO=HS*B=P| /4,0
EQUATION 6
HUK=ABS(1./{RMA#SQRT((FNW(J,K)HFNW{J,K)~OMEGA#OMEGA ) % %2
1442, 4CI#FNULJ,KI®OMEGAY #2421 Y)
HMN=ARS (1, /(RMA#SQRT({FNWIM,NY*FNW (M, NY~OMEGA*OMEGA Y ##2
142, #CI#FNWIM, NY*OMEGAY=#2)))
CALCULATE JOINT ACCEPTANCES
EQUATION 7
AC2 (1, ~(OMEGA/FNWLJ, K #22) {1, ~{OMEGA/FNN(M,N))u#2Y+4,8C15CI*0MEG
LA##2/(FNWLJsKI#FNW{M,N)?
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BC=-2 , ¢ {CI=0QMEGA/FNW(J, KYy#{1,~(OMEGA/FNW(M,NY)Y#22)=C]#OMEGA/
1FNN(M:N,*{1|'{OMEGA/FNN(J1K3)**?"
CC=AC%AC+RC#RC
CON1=(A1=OMEGA®PL/CY#(A120OMEGA*PL /()
CONR=RJ#P1
CON3=RM=P1
CONBG=CONZ2#CONI*( (2, +EXP(-AL#PL*OMEGA/CY s (-1, dus(J el e (=1, ux
LM+ I3/ C(CONL+CONP#CONSYR{CONL+CONI=CONSZY Y)Y
CON7=RK+P1
CONB=RN=#P]
IF ¢J ,NE., MY GO TO 46
PJIM = (A1#PL#OMEGA/C/2,%(1,/(CON1+CONZ5CNN2)Y+
11,/(CONL+CONIsCONIIY+CONS)
G0 T0 47
48 PJJM = COM&+RM /{CONL+«CONI=CONI B ((~1 , Yue(J-M)=1,)/(P.,+
L(RI-RMY I+ (=1, Y8l J4MY=1 , ) /(2. 2 (RJ+RMY )
2 +RJ JCCONL+CONQ#CON2I* (((~L . y#2tM~J)=1 Y/ {2 % (RM=RJ))
Jel (=1 ) =% {Me)=1, /(2. 5 (RM+RJ) )}
47 CON1stA2*OMEGA#R /Cy#tA2&0MEGARR /0
CONASCONTH#CONB# ({2 , +EXP(~A2%B #OMEGA/C)2{ (-1 Yas(K+1)+({~1,)mns
T(N+1 ) )Y/ C{CONLI+CONTRCONT Y (CONL+CONB#CONRY )
[F{(K _NE. N)Y GO TO 48
PJKN = (A2#B #0OMEGA/C/2,%(1,/(CON1+CON7=#CON7Ye
11./¢CONL+CONG=2CONB)YY+LONE)
GO TO 23
48 PJKN = [DNG+RN /(CON1+CONB#CONBY®(( (-1 , ) #uf{K-N)=1 )/(2.#
LT(RK~RNY)Y+((~1 . )n®fKaNY=1,)/(2.%(RK+RNYY)
2 +RK /LCONL+CON7#CONT7 e {t (-1 . 2% (N~-K)-1,Y/(2,.s(RN=-RK)}
Set{~1, s (N+KI-1,)/7(2..#(RN*RK)))
23 POMEG=QOMEGA/(2.%P1)
POWJZ2=PJIM#P JKN*AC/SQRT(LC)
PIWW=PIWW+FJKeFMNsHJK#HMN=POW.J2
IF (POMEG .G6T, 5.) GO TO 22
WRITE (3) POMEG +JsK:;M,N,POUJI2
ICT=1CT+1
2?72 CONTINUE
OMEG{I)=OMEGA/ (2 ,%P!)
CALCULATE DISPLACEMENT, STRESS,AND ACCELERATION
EQUATIONS 8, 13, 14, 16,AND 17
PIWW=PIWW=SsSsPIPP
SHW{IYsPIWW2 %P
FIWG SOMEGA#®4 %P [ WY
PIWG1¢I)Y=4,215093E~05#PTUG
FSSW=GAMZ#P I WY
SSSF(I1)=2.%PI#PSSW
EQUATION 124
SPPP{I)y=2,%PI*PIPP
IF ¢ IC WNE. 4 ¥ GO TO 41
MEAN SQUARE EQUATIOMS
Fl=0MEGI(])
G1=SHW¢ 1)
G2=SS8S8Ft1}Y
G3z=PluwBi(l)Y
G4=SPPPL])
ATS1=0,0

~
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ATSZ2=0,0
ATS3=0,0
AYS4=0,0
IC=2
Go TQ 21
41 ATSL=ATS1+(GL+SWWLIN)Y /2. #¢0MEG(]1Y-F1)
ATS2=ATS2+(G2+SSSF (1)} /2, #(0OMEG(]Y~-F1)
ATS3=ATSI+(GI+PIWGLIIY)Y /2 4 (OMEGCIY-F1)
ATS42ATS4+ (G4+SPPP (1Y) /2.5 ¢(0OMEGLT)-F1i)
ROOT~-MEAN SQUARE EQUATIONS
F1=0OMEG(I)
GisSWW(!)
G2=S8SS5F¢ )
G3=PIUGL(])
G4=5PPP¢ 1)
IF(SWWETY (LT, SWMI ) SWMI=SWW(!)
IF(SWUWETY ,BT, SWMX) SWMX=SWW(])}
TF(SSSF¢])Y LT, SSMIISSMI=SSSF{I)
IF{SSSF¢lY ,GT, SSMY)SSMX=S8SSF(1}
IF(PIWGLC(TY JLT. PIMIY PIMI=PIWGLCI)
[IF(PIWGI(TY ,GT., PIMX) PIMX=PIWAL¢]}
DSW SWMX/1.E9
Nss SSMX/1.E9
DP1 PIMX/1,E9
OMEGA= OMEGAS CON
CONT INUE
KM=}
GO 1O %8
99 KM=[-1
EQUATION 12B
98 PAS=ATS4
AT1=S0RT¢ATS1)Y
AT2=SQRT(ATE2)
AT3=SDRT(ATSI)
AT4=SQRT(ATS4)Y
PA=AT4
RLAz170.576+10,4AL0G10(PAS)
END FILE 3
REWIND 3
CALL PRNT
IF(DSW ,LE, SWM!) GO TOQ 302
Do 301 I=1,KM
IF(SWW{l)Y ,LT, DSWY SWWE{IY=sDSHW
301 CONTINUE
302 IF(DSS .LE, §SMI) GO TO 304
DO 303 1=1,KM
IF(8SSF(I) LT, DSS) 8SSF(]l)=DSS
303 CONTINUE
304 IF(DPI ,LE, PIMI) GO ToO 306
DO 305 f=1,KM
, IF(PIWG1(1) ,LT., DP1} PINGL(!)=DPI
305 CONTINUE ,
PLOT EXCITATION, DISPLACEMENT, STYRESS, AND ACCELERAT]ION
306 CALL SCaUTy
CALL QUIK3V(-1,44,BCDX,BCDY1,~N3R,F3IRD, SPPF)
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WRITE (16,109)RLA
CALL SMXYV(1.:1)
CALL nUIK3V(-1,44,BCDX.BCOYZ,~KM,OMEG, SHHW)
WRITE (16,106) AT1,FINN
CALL QUIK3VE{-1,44,BCDX,BCRY3,-KM,O0MEG, SSSF)
WRITE (16,106) AT2,FINN
CALL QULKSV("!L.44pBCDX:BCDY,-'KM.OMEG;PINGJ.)
WRITE (16,306} AT3,FINN
CALL QUIK3V(-1,44,8BCDX,BCDY4,~KM,OMEG, SPPP})
WRITE (16,107} PA
CALL CLEAN
106 FORMAT(11%,31H ROOT-MEAN-SRUARE RESPONSE = E15.7:5X:6HFINN =
1F6.,.2,10%X:64RFRPCL )
107 FORMAT(11X%,30H ROONT~MEAN-SQUARE PRESSURE =,E15.7)
108 FORMAT(94HINYNAMIC RESPDONSE OF FQUR-SIDE FIXEDN RECTANGULAR SKHELL P
1ANELS CROSS-REINFORCED WITH STIFFENERS)
109 FORMAT{11¥X,24HOVERALL PRESSURE LEVEL = E15,7,BHDECIBELS)
RETURN
END
SORININ A
$IBFTC RSF1
SUBRQUTINE RSF
PROGRAM NUMBER R23-~1002-74A
RSFRP1{
NDYNAMIC RESPONSFE OF TWO-0PPOSITE-SIDE SIMPLY~SUPPORTED
AND OTHER TWO SIDES FIXED RECTANGULAR SHEL{ PANELS
UNDER RANDOM PRESSURE FIELD
INPUT PARAMFTERS
Pl. = PANEL |LENGTH
B = PANEL WIDTH
RHO = MASS DENSITY AF PANEL
HS = PANEL THICKNESS
Cl = DAMPING RATIO
= CONRDINATE 0F VECTOR R
Y = COORDINATE nF VECYOR R

FINN = CONSTANT T0O DETERMINE OCTAVE BAND CENTER FREGUENCIES

Al = CONSTANT

. = SPEED oF SOUND

BF = LENGTH OF PANEL UNDER EXCIYATION

PLP = WIDTH OF PANEL UNDER EXCITATION

F3RD ONE-THIRD OCTAVE BAND CENTER FREAUENCDY

S3RD = SO0UND PRESSURE LEVEL

DIMENSION FNW{10,10%,F3RD(40),S3RD(40),BCDX(12),BCDY(12)

DIMENSION FYPW(40),5PPF(40) .0MEG(400),PIWGL(400),BCOY1¢12)

DIMENSION RCDY2(12),SkW(400),SSSF¢4n0)Y,BCOY3(12),RCOY4(12)

DIMENSION SPPP(400)

COMMON /QUTPUT/ FNW,F3RD,83RD,FIPW,SPPF,OMEG,PLIWGL, SWH,
1SSSF,SPPP,N3R, KM,y JK, ICT,PAS,ATS1,ATS2,ATS3, AT, AT2,ATS,
20%,0Y,0W,6AM2, IRD

COMMON /INPUT/ PL,B,RHO,HS,CL, X Y, FINN,AL,C,PLP.BP,
1A2,E,EP,VIP,ALL,BL1,AI1,Al2,H2,HP,RAD,RHOP,RLA

DATA BCDX/72HFREQUENCY tHZ)

1 H

aQaOoaaaaaaoaoaooaoaoaaaaaao

1 /
DATA BCDY/72HACCELERATION G SQ/HZ
1 /
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Qo

DATA BCDY2/72HDISPLACEMENT INCH SQ/HERTZ

1 /

DATA BCDY3/72HSTRESS SPECTRAL DENSITY PS1 SQ/HFRTZ
1 /

DATA BCNDY1/72HSPPF RR/HZ

1 /
DATA BCDY4/72HSPECTRAL DENSITY PSI SO/HERTZ
1 /
WRITE ¢{6,108)

SWM!= 1.E10

SUMX= 1.E-10

SsMliz 1,E10

SSM¥=s 1,E-10

PIMI= 1,EL10

PIMY= 1-E'10

REWIND 3

JK=2

ICT=0

P1=23,1415927
CALL CAMRAV({S)
CAaLL SMXYV(L,0D)
CALCULATE EXCITATION SPECTRAL DENSITY
EQUATIONS 11 AND 12
Py 9 Iz=1,N3R
SPPF{IY=S3RD(I)~10.#AL0GL0(0N,2315+F3RD(I)?
FIPW(TIY=1,/42.04P1 )20, 0+ (LlSPPF(1)~170,576)/10.0)
CONTINUE
CALCULATE NATURAL FREQUENCIES
EQUATIONS 1 AND 2
HC=E#HS#HS#HS/ {12, 4(1,~VIP=VIP))
DY=HC+EP#AT2/ALL
Dx=HC+EP*AI1/BL1
BM = RHO=HS+RHOPwHP
FCON = PIsPI/SQRY{RM)
pp 20 J=1,9
Do 20 K=1.9
RJ = J
RK = K
IF¢J .NE, & ,AND, K ,NE. 1) GO TO 18~
IF(d (EB, 1 ,AND, K NF, 1) GO To 16
IF{J .NE. 1 ,AND, K .EG, 1) GO T 17
FHZ = DX=(1. /PLY®#4+DY#(L.0056/8)u4d442 , #HCw (1 . /PLY*(1,/PL)*
1(1.1165/BY#(1,1165/B)+E+HS/ (RAD#RAD* (Pl y#sdu(1,+{1./1.5056)5(1./
21.5056)2(PL/BYRIPL/RY)Y#u2) >
Go 10 19
16 FHZ = D¥=#(1, /PLY*#44+DYR((RK+,5)/B)#u4
142, #HC% (1, /PLY##24 ({ (RK+,5)#((RK+,5)~,6368))/{B%*B))
2+E#HS/ (RAD%RAD® (P )esde(l.+(1./(RK+.5}) #e2a(PL/BYS (P /BY)»u2)
G0 10 19
17 FHZ = DXx#{ RJ FPLY*24+DY%{1,5056/B y=%4
142, #HCR (RJ/PLI®(RJI/PLY*(1.1165/By%(1,1165/B})
2eFE#HS/(RADS#RADS(PI Y #%4*(1,+(RJ/1,5056 Yru2alPL/BY*{PL/B)y#u2)
Gn 70 19
18 FHZ = DX#¢ RJ FPLY*%%4+DY2( (RK+.BY/B)+24
142, #HC#{ RY/PLI®{RJI/PLISI(RK® , BYu¢{(RK+,B)~,6365))/(RsR}
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2 +E#HS/(RAD®RAD=(PIY#ud4u({1,+( RJ /{RK+ 5y )ua2
I#tPL/BY=(PL/BY)#u2)
19 FNW{J.KY = FCON#SQRT{FHZ)
2n CONYINUE
c CALCULATE CONSTANT TO CHANGE DISPLACEMENT [NTD STRESS
c EQUATION 16
Q¥=0,0
AY=0.0
QN:0.0
SzBP#PLP
BD 49 1J=1,5,2
po 49 1K=1,5,2
RM=1.
RN=1K
FSINSSIN(RM*PI#X/PLY*SIN(RN#*PI#Y/R)
QCON=RM#RN& {DX#{RM/P| Y ##44+42 , #HC# (RMaRN/(PL#B) Y 2u2+DY#(RN/R)&#4)
GXzOQX+((RMeRI/PLY# %2+ VIP#{RNUP]/BY##2)#(FSIN/NCON)
QY=0Y+ ({RN*PI/By#a2+VIRPs(RMEPI/PLY2#2 )% {FSIN/QCON)
49 QWsOW+FSIN ZQCON
H1x=HS+H?
GAMZ2=F#H1#HI*E/(4,5t1,-VIP#VIP)#22) 8 (QX#OX+QY*QY)/(OW=0W))
C CALCULATE EXCITATIOM PRRESSURE FRQOM ONE~THIRD OCTAVE DATA
1000 CON=  2,0==(1,0/FInNNY
OMEGA=F3RD(1)#2.0+P1

IC=1
Do 21 1=1,400
NZR1=N3R~-1

Do 40 JA=1,N3R1
IF ¢ OMEGA ,GT, (FIRDEN3RY&2,=Pl1y) GO TH 99
[F(OMEGA-(F3RD{JAY#2,%P1))25,25,3D

25 KA=JA
G TO 3%
In TA=zJA+1

IF(OMEGA-(F3RD{IAY*2 ,#P])125,25,40
35 PIPPaF IPW(KA)+(FIPW(KA+1L)~FIPU(KAYY#({OMEGA~FIRD(KA)*2, %P Y/ ({F3R]D

1(KA+1)Y~F3RDIKAYY#2, 4P}

GO TQ 45
40 CONTINUE

45 PIWW=0,0

PIWWI=0.0
C EQUATION 3

DO 22 J:l.S

DO 22 K=1.5

00 22 M=1,5

DO 22 N=1,5

RJ=J

RKaK

RMa=M

RN=N
c CALCULATE THE NORMAL MODE
c EQUATION 4

XJ=SIN(RJ#PI#X/PL)

XMeSIN(RMaPl#X/PL)

CYl 2 1.5056%P1xY/B

CYK = (RK#+,5)%P1xY/R
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CYN = (RN+,5)sPlxy/H

CHYY = (EXPICYLY+EXR(~CY1)}/2.
SHY1 = (EXP(CY1)Y=-EXP(-CYL1))/2,
CHYK = (EXPUCYK)+EXP(-CYK))/2.
SHYK = (EXP(CYK)Y-EXP(~CYK))}/2.
CHYN = (EXP(CYNI+EXP(~-CYN)Y)/2,
SHYN = (EXP(CYNI~-EXP(~CYN))}/2,

213 IF tK .GT, 1) GO T0 212
YK = CHY1«COS(CY1)~,9825%¢SHY1-SIN{CY1))
GO TO 215
21?2 YK = CHYK-COS(CYKY-(SHYK=SIN{CYK})
21% IF(N .GT, 4Y GO TO 716
YN = CHY1-COS(CY1)-,9825#(SHY1-SIN(LCYLY)
G0 YO 217
2156 YN 2 CHYN=COS{CYN)=(SHYN~SIN(CYN))
217 FJK = XJ#¥YK
FMN 2 XM=YN
EQUATION 5
RMA=zRHO#HS&RB#PL /4,0
EQUATION 6
HJK=ABS¢t1, /{RMASORT((FNW(J, KY#FNW(J,K)Y-OMEGA#OMEGA Y #%2
1+(2 #Cl#FNWLJ, KY=#OMEGA Y ##2)Y )
HMN=ABSt1, /(RMASORT({FNW (M, N)sFNWIM, N}~ OMEGA*OMEGA Y %22
L1+(2 . BCla#FNUIM NYSOMEGAY #22) ) )
CALCULATE JQINT ACCFPTANCES
EQUATION 7
AC=(1 . ~(OMEGA/FNW(.J, Ky 252) =1, ~(OMEGA/FNW(M,NYY=%2)+4, *C!*FI*OHEG
1A#2/(FNW(J KYSFNW{M, N
BC==2.#¢(CI#OMEGA/FNW(J,K))={ 1, ~{OMFGA/FNW{M,N)}2»u2)~ CI*OMECA/
IFNWIM, NY# (4.~ (OMEGA/FNW e KY a2y
CC=AC#AC+BC#RC
CONI=(AL1#OMFGA#PL/CY# (AL1#0OMFGARPL /()
CON2zsRJ#P1
CONI=zRMepP]
CONE=CONZHCONI#((2,sEXP(=AL#PLXOMEGA/CY#( (=1, )% 8 Jel)+( (=1, )ns
1M+ )Y/ (COMLI+CONZHOON2)Y# (CONT+CONI#CONIY Y)Y
CON7=RK=P!
CONAzRN#PI
IF (J NE. MY BO TO 46
PJUM = (A3#PL#OMEGA/C/2,%(1,/(CON1+«CON2+CON2Ye
11, /7tCANL+CONI#CONIYY+CONS)
GO TO 47
46 PJJM =  CONE+RM Z(CONI+CONI*CONIY#{ (L=~1 Yux{J)=-M)=] )/ {2, %
T(RJ=RMII+ (=1, e { J+M)~1 )/ (2, B (RJI+RMI ) .
2 +RJ ZCCONL+CONZSCON2)#({ { (=1, )#s{M~J)=1,)/(2,4(RM=RJ))
S+ (=1, )23 M+ V=1 ,3/(2 ., %(RM+R ) ))
47 CONI=2(A2#NMEGA=R /CY#(A2+0MEGA#R /L
CONE=COMN7%CONB2( (2, +EXP(~A2%B #OMEGA/CI®({ -1 Yw#(Kel}+((-1,)ux
LT(N+IIIYI Y/ L (CONL+CON7CON7 Y% (OONL+CONB#CONBY Y Y
IF(K NE, N) GO TO 48
PJKN = (A2#B *DMEGA/C/2,%(1,/(CON1«CON7#CON7)
11, 7LCONL+CONB2CONS)YI&CONS)
GO YO 23
48 PJKN = CON&+RN /{CONL+CONB#CONGI®( ( (=1, )88 ¢K=N)=~1,)/(2,%
T(RK=RNI I +{ (=1, )##{KeN)~1,)/(2.%¢RK+RN) )
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2 +RK J{CONL+CONT7&CONT I (({~1 . )58 tN-K)=~1,)/(2., #{RN=-RK)}
e (-1 )y =®(N+KY=1,)/{2,#{RN+RK) )}
23 POMEG=0OMEGA/(2.+#PI)
POWJZ2=PJdJMuP UKN=AGC/SARTECC)
PIWWeR TWW+FJK#FMN#H JKaHRN=POW.JZ
IF (POMEG ,68T. 5.,) G0 T0 22
WRITE (3) POMEG ,J,K,M,N,POWJI2
[CT=ICT+1
2?2 CONTINUE
OMEGL I1)=0MEGA/(2,%P1)
CALCYLATE DISPLACEMENT, STRFSS,AND ACCELERATION
EQUATIDNS Bt 13: ]4’ ﬂépAND 17
PIWW=P]WH=S*SspPIPP
SWWIlIePIWW®#D ,#P]
PIWG =OMEGA=»4aP [ WK
PIWGL(])=4,215093F-ubsRINWG
FPSSW=GAMR=p WY
SSSF(1)=2,4Pl%PSSW
SPPP{I1=2,#P1 2P PP
IF ¢ IC NE, 1 3% GO TO 41
MEAN SOUARE EQUATIGMS
F1sOMEG(I)
Gi=SWW(I)
G2=S8SF( 1)
G3=PIWG1(I)
G4=8SPPPLI])
ATS1=0,0
ATSR2=20,0
ATS3=2D,0
AYS4=z0,0
IC=?
GO TD 21
41 ATSIZATSI+{Gl+SUWMWLEIY) /2, #(OMEG(I)~F1)
ATS2=ATE2+ (G2+88SF (1)) /2. #(0OMEGL1Y-F1)
ATSI=ATSI+(G3+PTIWGLEIYY /2,8 (0OMEGETIY~F1)
ATS4zATS84+(G4+SPPP (1YY /2,4 (0MEGB(IY-F1)
RODT~-MEAN SOUARE EQUATIONS
F1=0MEG¢ 1Y
G1l=SKW(I)
G2=S3SFtl)
G3=PIWGL(T)Y
G4=5PPP(I])
IFCSWWETY ,LT. SWMI ) SWMIzSWW(I)
IFCSWWITIY 6T, SWMXY SWUMX=SWW(]}
IF(SSSF¢IY LT, SSMIISSMI=SSSF(I)
IF(SSSF{I) LGT, SSMX)ISSMX=SSSF(I)
IF(PIWG1(¢E)Y ,LT. PIMIY PIM]I=PIWGLIC(])
IF(PIWGL(YY ,GT. PIMX) PIMX=PIWGIC])
OMEGA= ODMEGA+ CQON
CONTINUE
KM=1
GO TO 98
99 KM=1w~1
98 PAS=ATS4
AT1=SORTC(ATS)
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AT2=SQRT(ATS2)
AT3=SART(ATSI)
AT4=SQRT(ATS4}
PAzATY
RLA=170.576+10,*ALOG10(PAS)
END FILE 3
REWIND 3
CALL PRNT
DSW SWMX/1,E9
DSs SSMX /1. E9
DPI PIMX /1, E9
DO 301 I=1,KM
IF(SWWeIY LT, DSW) SWW(I)Y=DSHW
IF{SSSF¢ly LT, DSSY SSSF{1)=DES
IF(PIWGL¢IY ,LT. DPYY PIUWGLtI)=shP!

301 CONTINUE

c PLOT EXCITATION, DISPLACEMENT, STRESS, AMD ACCELERATION

Cabll SCoUTy
CALL OUIK3VY(-1,44,R0DX,RCNY1,-N3IR,F3IRD,8SPPF)}
WRITE (16,109)RLA
CALL SMXYV(1i,1)
CALL BUIK3IV(~1,44,BrDX,RCHY2,-KM,OMEG, SHUW)
WRITE (16,1068) AT1,FINN
CALL QUIK3VI{~41,44,B8C0DX,BCDY3,~KM,OMEG,SSSF)
WRITE (16,106) ATZ,FINN
CALL QUIK3VE-1,44,BCDX.BCDY,~KM,OMEG,PIWGEL)
WRITE (16,106 AT3,FINN
CALL QUIK3V{=-1,44,BCOX,BCDY4,-KM,OMEG, SPPP)
WRITE (16,107) PA
CALL CLEAN

106 FORMATE11X,31H ROQT-MEAN~SQUARE RESPONSE = E15,7,5X,6HFINN =
1Fé6,2:, 10X 6MRSFRPL )

107 FORMAT(141X,30H ROODT-MEAN-SQUARE FPRESSURE =,E15.7)

108 FORMAT{107HiDYNAMIC RESPONSE OF TWO-0OPPOSITE-SIDE SIMPLY~SUPPORTED
1 AND DTHER TW0O SIDES FIXED RECTANGULAR SHFLL PANELS,/,
228H UNDER RANDOM PRESSURE FIELD)

109 FORMATCE11X,24HOVERALL PRESSURE LEVEL = E15,7,8HDECIRELS?

RETURN
END
EDATA
4 31
47 .59 58,375 , 000251 + 3
04 23.75 29,1875 30,0
ia, 13500. 45, 50,
0, 10070000, 120000040, '3
11,9 14,6 5 o6
1. .12 100. 00026
5.0 129.0 6,3 131.0 B.0 133.0 10,0 135,0
12.5 136.5% 16,0 138,10 20,0 139.0 25.0 140.5
31.5 142.,0 40,0 143,0 50.0 144,0 63.0 145.0

80.0 145.5% 100.0 146.,0 125,0 146.5 160.0 146 .5
2n0.90 147.0 250.0 147.0 315,0 146.0 400.0 145.5
500.0 145.5 630.0 144.0 80n.0 142.5 1000.0 141.0

1250.0 139.5 1600.,0 137.5 2000.0 136.0 2500, 134.5
3150, 133, 4000, 131, 5000, 129.5
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I. METHODS OF VERIFICATION

Comparison of the computed results with experimental data as the best
verification. Verification can also be obtained by hand calculation of the

responses according to the simple formulas by assuming the structure vibrates
1n 1ts fundamental mode.

The root—mean—square responses are computed, printed, and plotted out

as output. Good engineering judgement on these rms responses may also sexve
as a check of the results.
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SECTION III. DECK SET-UP

A. Computer Configuration
1. Computer IBM 7094
2. QCore S1ze 32K
3. Language FORTRAN IV

4.,  Operating System  IBSYS

5. Plotter Required  S8C4020

6. Punch NO

7. Tape Assignments

Physical Logilcal System

Unzit Unit Function
A2 5 Input
Ab 3 System Scratch .
A8 SC 4020 OQutput
El 6 Praint Output
B3 2 System Scratch Overlay

B. Estimated Running Time

Execution time 1s approximately 55 minutes for all three boundary
conditions, for frequency range 5 to 5000 Hertz, and frequency increment
FINN = 33.

C. Restart Procedure
None
D. Deck Sequence
1. SJOB CARD
2. SEXECUTE CARD
3. S$IBJOB CARD
4, SIBFTC CARD
5. SOURCE DECK (RANDOM)
6. SIBFTC CARD
7. SOURCE DECK (SURROUTINE PRNT)
8. SIBFTC CARD
9, SOURCE DECK (SUBROUTINE GRIDIV)
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10.
11.

12
13

14.
15.
16.
17.
i8.

19

20.

SORTGIN CARD

SIRFTC CARD

SOURCE DECK (SUBROUTINE RSR)
SORIGIN CARD

$IBFTC CARD

SOURCE DECK (SUBROUTINE RFR)
SORIGIN CARD

STRFTC CARD

SOURCE DECK {SUBROUTINE RSF)
$DATA CARD

DATA DECK
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E. INPUT DATA

Refer to Figure 1 for geometric dimensions.

(O

NOTATION DEFINITION CARD
FORMULAS MNEMONICS NO. FORMAT COL,

NP Program desired ~ NP = 1 (RSR) i 15 Col. 5
NP - 2 (RFR), NP = 3 (RSF),

NP = 4 (ALL)

N3R Number of data poaints in the one~ i i Col. 6-10
third octave band excitation Raght Justi-
spectrum fied

[ PL Axzal length of panel (1nches) 2 E15.8 Col. 1-15
(Along x~axis)
b B Width of Panel (ainches) 2 E15.8 Col. 16-30
(Along y—-axis)
p RHO Mass density of panel skin 2 E15.8 Col. 31-45
(1bf—sec2/1n 4)
h HS Thickness of panel skin (anches) 2 E15.8 Col 46-60
ik CI Damping ratioc of panel 3 E15.8 Col 1-15
+
® X Coordinate of r (anches) 3 E15.8 Col. 16-30
v Y Coordinate of T (inches) 3 E15.8 Col. 31-45
n FINN One-nth octave frequency 3 E15.8 Col. 46-60
increment
Al Al Correlation decay constant in 4 E15.8 Col. 1-15

ax1al length-direction

c C Speed of sound (in/sec) 4 E15.8 Col 16-30

2! PLP Length of panel subjected to 4 E15.8 Col. 31-45
excltation (inches)

b’ BP Width of panel subjected to 4 E15.8 Col. 46-60

excitation (inches)
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E. INPUT DATA (Continued)

NOTATION DEFINITION CARD
FORMULAS MNEMONICS NO. FORMAT COL.

A2 A2 Correlation decay constant in 5 El5.8 Col. 1-15
crrcumferential width—-direction

E E Young's modulus of panel skan 5 E15.8 Col. 16-30
(1b£/1n?)

E' EP Young's modulus of staffeners 5 E15.8 Col. 31-45
(lbf/lnz)

v VIP Poisson's ratio of panel skin 5 E15.8 Col. 46-60

ay ALl Spacing of width—-direction 6 E15.8 Col. 1-15

stiffeners (inches)

by BL1 Spacing of length-direction 6 E15.8 Col. 16-30
stiffeners (inches)

I ATl Moment of inertia of one length- 6 E15.8 Col, 31-45
direction stiffener with respect
to neutral axis (inch%)

i, AT2 Moment of inertia of one width~ 6 Ei5.8 Col. 46~60
direction stiffener with respect
to neutral axis (inch#)

h2 H2 Largest height of stiffeners at 7 Ei5.8 Col. 1-15
point investigated (ainches)

h' HP Smeared-out thickness of stiffeners 7 E15.8 Col. 16~30
{1nches)

a RAD Radius of panel (1inches) 7 E15.8 Col. 31-45

P RHOP Mass denﬁlty of stiffeners 7 Ei15.8 Col. 46-60
(lbf—sec /1n4)

£ F3RD Frequencies (Hertz) 4 Values F8.1 Col. 1-8,17-24

Per Card 33-40, 49-56 -

SBr(I) S3RD One-third octave pressure level 4 Values F8.1 Col. 9-16,25-32

4

spectrum of excitation (decibels)Per Card 41-48, 57-64

Use as many cards as necessary for
F3RD and S3RD
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F. Restrictions and Limitations

N3R < 40
FINN < 38
G. Diagnostics
None

H. Quanity of Output

For case with frequency range of 5-5000 Hertz and frequency increment

FINN = 33, the prainted output will be 20 pages per boundary condition. Plots will
be 5 per boundary condition.
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I.

Output Definitions

NOTATION DEFINITION
FORMULAS MNEMONICS >

2 PL Ax1al length of panel é;nches)

b B Width of panel (inches)

o) RHO Mass density of panel skin

(Ibf-sec?/in 4)

h HS Thickness of panel skin (1nches)

Cjk CL Dampang ratio of panel

x X Coordinate of ; {1nches)

v Y Coordinate of ;-(1nches)

n FINN One-nth octave frequency increment

Aq Al Correlation decay constant in axial length-
direction

c C Speed of sound (in/sec)

g’ PLP Length of panel subjected to excitatiom
(1nches)

b' BP Width of panel subjected to excitation
{incheg)

Az A2 Correlation decay constant in circumferential
width-direction

E E Young's modulus of panel skin (lbfllnz)

E' EP Young's modulus of stiffeners
(1bf/1n2)

v VIP Poisson's ratio of panel skin

ay AL1 Spacing of width-direction stiffeners (inches)

by BL1 Spacing of length-~direction stiffeners (inches)

T4 ATl Moment of inertia of one length-direction with

respect to neutral axis (inch4)
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1. Output Pefinitions (Continued)

NOTATION DEFINITION
FORMULAS MNEMONICS
12 Al2 Moment of inertia of one width-direction
stiffener with respect to neutral axis
(xnch%)
h2 H2 Largest height of staiffeners at point
1nvestigated (inches)
h' HP Smeared~out thickness of stiffeners (inches)
a RAD Radius of panel (1nches)
p' RHOP Mass density of staiffeners
(1bf-gecl/1in.4)
£ F3RD Frequencies (Hertz)
S3r(I) S3RD One~third octave pressure level spectrum
of excitation (decibels)
Spp(f) SPPF(I) Excitation spectral densiaty (db/Hz)
¢pp(m) FIPW(IL) Exeitation spectral density (p512/rad/sec)
| J Mode
k K Point
£ FHZ Natural frequencies (Hz)
Wik FNW(J,K) Natural frequencies (rad/sec)
f OMEG(I) Frequency (independent variable) (Hz)
e
Sis (T SWW(IL) Displacement spectral density (1nch2/Hz)
SGU(?,f) SSSF(I) Stress spectral density (p312/Hz)
Sww(%,f) PIWGL(TI) Acceleration spectral density (GZ/Hz)
Sﬁp(f) SPPP(T) Excitation spectral density (psmzlrad/sec)
-5
wz(r) ATS1 Mean square displacement (1nch2)
27 2
o“(r) ATS2 Mean square stress (psi)
2.7 . 2
G (x) ATS3 Mean square acceleration (g“)
-3
wir) AT1 Root-mean square displacment (inch)
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I. Output Definitions (Continued)

NOTATION DEFINTITION
FORMULAS MNEMONICS
U(;) AT2 Root-mean square stress (psi)
G(;) AT3 Root-mean square acceleration (g)
Qx QX Quantity for the calculation of Y2
Qy QY Quantity for the calculation of Y2
Q,; Qu Quantity for the calculation of Y2
Yz(;) GAM2 Constant to change displacement spectral
density into stress
1,.k,m,n J,K,M,N Mode Indices
J?kmn POWI2 Joint acceptance squared
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J. Operator Instruction Card

7094 - INSTRUCTIONS

NANE MOORE opcooe _J @ |stack™®
amf?&[b Lot 4’663 sos * équzo

IF EXCEEDS MAX FAST TAPES ABCD
OsTR 872 ODMPORETSY

INPUT TAPES | work
Losic | reeL no | pew | LOSIC

ggasvs GOMPL ZASSMBL
SPOOK EXEGUTE

FJOTHER  |C3PUNCH(BCO BIN)
Ea, FTRN  |OMAP

2FTRN  [OFAP

[QAPT OScAT
OPERT OOTHER

LINES OF QUTPUT (I000'S}MAXIMUM TIME

De-5 85-18 ©15-30 OOVER|HOURS MINUTES —ﬂ
SROGRAMMER GOMMENTS lNUMBER OF CASES 1

OVER

0O SEE ON~LINE
) SEE TEGHNIQUES
O maAX EXCEEDED

JPERATOR COMMENTS {3 RETURN TO §YS
O LINE MAX
OPER INIT
OVER
OUTPUT TAPES ONLY 4020
REEL NO Lasic | 0EN | umiT NooF cPYs| SAVE | TarE
B-1 8

A-8 v

NOFILES [NO FRAMES| copiEs | DENSITY] COPY FLO |ALVAR

PiF|sisl P |F

MSFC - Form 533 (Rev February 1966)
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K.

Save Labels

None
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89

L. INPUT FORM (SAMPLE CASE)

1.0.0 .

1 3 ) 10 13 20 23 30 33 40 45 50 45 80 [11.] TO T2
4. 3 i b b T . 1 ! L
1 47.5 52.375 e 00025, . O] . . e 1 e
.10.0% |  23.75 . . . 29 . 1875 . .| .. 30.0 ;. Lo
.f.!o.-.Ql__._._.__.__._JJSEQQLﬂ . 45 .0 . . . . 50.0 .. .. . L. !

ol o .. 10000000 . .

1 119

. 1200p000.. .

It b . . .

—
LA;‘a‘B‘.s

L o.5 ..

0.12

A.AIGQAAI

Jeo.0

.6:31 —

3.0 . 2.0 . ..

133.0 .

Do.0

P

135.0.

140.5

Mm
 [60.0 1 | /96:.5_ .

‘lﬂhﬁoéi.

R ! ] | 1 e b o} A N T UV | ad A
A ! [ 1 A N | SRS SR P PP | L . .

l N [ 1 . o 1 NS 1 1 I 1, 1. 1

| IR 1 L. b l. | Ll 1 N A ' ! 1

] o ) ! | { ! R | SN NP BN | }
I, 1 A ! 1 T | N TR | I SR ] L.

[ i 1. | 1 1 N . ] N o L i 1
. ! 1 1 ! O ] ] L1 . 1 1 [
" f . i ! NN N ! i, i o o i ok 1 [~




SAMPLE OUTPUT
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FREQUENCY

HERTZ

S.00000
5.00000
511487
Se230647
S.35887
Se48412
Sesl23]

50394679
51457476
B52.78026
S4enl394
85427646
S546¢56848
5789071}
B9e24384
60442859
6204572

172483469
17698278
201+58703
206429890
21112091
21605563
221010569
226427378
23156268
23697520

. —— .

57017398
583.50116
89713985
51109732
625438104
6539.99863
65435788
670026478
585493353
7019465845

406373444
415871947
4255492541
435%,40245
4457+20532
4561438748
446568.00482
§777+11420
4888727393

MS VALUE
RMS VvALUE

QX ®» 0e37250E~01

FINN =-30.0

SAMPLE OUTPUT OF PROGRAM RANDOM

DISPLAAEMENT
RESPONSE
INCH SQ/HERTZ
O0«22106]171E-Gs
D+22106171E=pn4
0+22497937E=~04
Ge228%KHI 1 3E=Ds
0¢23295265E=014
De23700744E=0¢
De24110694E=04

—— T S e -

0«21680200E=08
Oe213589602E=04
Qe21047652E~04
D+207444T78E=p6
Ds20450190E=04
0.20148937E-04
0«1978888640E=04¢
0e19422106E=04
DelFI&H4BHO0E=DE
Del9]17232E=04

Beb4212375E~04
0.88668852E~04
0413158538E~p5
D.20998010E~05
0e33107324E=05
De36695514E=D5
0+23061066E=05
O«11954749E=05
0264654001 E=046
0+37834190E=04

0eR2722072E=09
O0+47555338E=09
0+50793323E=~09
D+32RBB827E=09
0 }5372795E~09
DeP4428312E=11
DeBHH18404E~1
ODe94]1983862E=]0
O+11849360E=-D9
Del623B162E~09

0+33002897E~16
0+2779B077E=14
0¢233463(96E=15
0¢19584142E=146
Delb6364966E~15
De13623937E=14
Oel1291682E~14
B«9309106BE=]7
Oe74258003E»1 7

Qe 1-25381-72E=03
O«11197398E=Q1

QY = D429523F=01}

STRESS -
RESPONSE
P& SQ/HERTZ
ne+33402308E Q3
0.33402308E g3
0.33994284E Q3
Ce345931-86F D3
0.35199022E 03
0,35811703E g3
0.36431132E 03

e -

D.32758467E 03
0.32274247€ 03
D.31802892E 03
031344790 Q3
0.309003129E 93
0,30467114E 03
0,30051962E 93
Ds2964BB98BE 02
0.29260171E 03
0.288B84037E 03

0.,97024%&61E 03
0,13397817E p4
0,19882482E (4
0431727882 p+4
0.,50024996E g4
0455295632E 04
0e34845150E 04
0,18063562E Qo4
D«+P76F1854E g3
D«57167262E 03

0.,64552825%E 0o
D0.74877855E go
D.74674B443E gpo
0.49090447E go
0,23228212€ ~00
0.14298288E gn
D.12788877E 0o
0.14233323E 00
0.17904321E a0
0.24535777E qp

0e42002749E=G7
0¢35301515E~07
0,29591534E=07
De24727378E=07
0,20585497E=07
0: 1708167 E~Q7
O 14066015E=07

~04 1 1B 22544 E=07--

0189451 1-6E .06
0.,43525988E 03

7Q

QW = 0.7390Q3E ol

ACCE ERATION
RESPONSE

G SQ/HERTZ
De1444575T7E~Dg
De14445757E=08
Oets125262E-05
Os17998198E=05
0«200865F4E=05
De2241H964E=05
De25010340E=D5

Ds]4622498E~D1
Del58A1152E=-01
Bel7077983E«0]
GelB441741E=0}
Cs}9962038E=0]
De21589457E=0]
O0+23355455E=01
De25273482E-(1
De273587141E~0]
De29622325E=01

0.92159750E 0}
0s13958249E 02
De22719814E @2
De3F766065E 02
De4B8769506E 02
0e83375221€E 02
0e57626974E D2
Dy32766058E 02
0s19436429E 02
D»12475065E 02

0y47209420E 0O
0.60062600E 0O

Ces7523918E 00

D.47372068E 00D
0y 24585448E GO
Oe16597081E OO
Oets241921E OO
0¢19878378E QO
De27424463E 01
De#41223900E 00

De94102274E-04
0+869340F7E~04
D+B01406F4E~0Y4
Cs73682540E~04
Dv&a7532444E=04
Ce&16464792E~04
0¢E6D5ET7096E~-04
D.506894:8E=Dy
D+ HE54 409 1LEmDH4

0.24598280E 04
Os49596483E 02

ExCiTs11GN

PS1 SQ/RAD/SE(
Beb(lUDA26E=UY
0ebQlOUG2LEmDY
Dsb{4938U2E~04
Deb62919542E=04
Deby3784UBEwny
Neb587177BE=0Y
Deb7399849E=Q4

O+ 190049992E=03
Qelg0D03523E=D3
O«19002020E=03
Del30004B2E-~03
01899890 7E=0D3
Delg?97294E=03
DelB995647E=D3
De1p993960UE=DI
Delg?92233E~=03
N+ 1a9FU464E=03

094834247804
De?5617973E=04
0eF4200486E~D4
De92413703E=04
De90585]55E=04
De88713867E=04
DeB4798839E»04
De8483F051E=04
De82833453L~04
0«807B0978E=04

D+20496707E=DY
O«19290879E~04
0418056867E=04"
Del8794010E~0H
Dei5501636E~0Y
Oelybdb9l15BE=~D4
Delyglnl8i8E~QY
N+1350278BBE=0y4
Gelz887691E~04
Qel22582l6E=04

A e rm —— ————— i ———

Qe 11577557E=06
Qe11087127E=06
0+ 10585232Em0¢
0e10071608E=06
De96459754E~07
0.90080588E~07
DeB845754686E-Q7
0e78942112E~07
0+73176862Em07

0+5}435825E%01
0e22679467E 0D

GAMMA2 = D.y5110E 1D



N. Sample Plots

Figure 2 through 4 are three sample plots of this program.
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b %
STIFFENERS P y
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PANE L SKIN
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—t

STIFFENER

FIGURE 1, GEOMETRY OF RECTANGULAR CYLINDRICAL SHELL PANEL
CROSS-REINFORCED WITH STIFFENERS
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© ETOmauqpFpamMmrinNnap

NIT~Oe

RUN 9582

ROOT-MEAN-SIUARE RESPONSE = [ 2334936E 02 FINN = 30,00 RSRPCI
*
1.00x10*03 1 i o~ _
! =
1
#I
L
L 1
£
+00 .
1.00x10%004 .[
= .
; +
%x A
1.00%10701
1.00x10" 08 ﬁ
¥
7
% |
1.00x1078 f
L]
X
s.00x30"24 ;
Al
3.coxs0" 2% ’ ’ I\_
3
- i
s.00%10 "%

30,00 ) 100,00 . 100%.00

2 * - oA

" TFREQUENCY (HZ)

»

FIGURE 2. SAMPLE PLOT: ACCELERATION SPECTRAL DENSITY AT CENTER
OF FOUR EDGES SIMPLY-SUPPORTED RECTANGULAR CURVED
PANEL CROSS-REINFORCED WITH STIFFENERS
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“EMEMAPr-YBO—O

NuTMIND® ITAL~

1.00x10”"% n

1.00510°07

1.00x10°0%

1.00x10"0%

1.00yan 10

RUN G582

ROOT-MEAN-SQUARE HESPONSE = 0,11319740E-0} FINR = 30 DD RFRPCY
i

il

T
r*"'u;' B

1.00x10"32

20051018

I

¥

3.00p10° %4

10.00 10¢.40 1000.00

FREQUENCY (HI)

FIGURE 3. SAMPLE PLOT: DISPLACEMENT SPECTRAL DENSITY AT CENTER
OF FOUR EDGES CLAMPED RECTANGULAR CURVED PANEL CROSS-
REINFORCED WITH STIFFENERS
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FPA~AO0MB0 MDD

Lo ] < -~ ETMO

N-4XMI\Dis

RUN 9582

ROOT-MEAN-SGUARE RESPONSE = 0O 3052289E 03 FINN = 30,00 RSFRPL

1.cox20*0%

K
L i

L1

1.00x10*0F

s.00xs0*%}

1.00x20*00

1,00x10”0%

:

"

1

_ L
X

y

k

3

1.00x10"%2

1.00x10" "

Ly

1.00x30”4

anl

:

10.00 100,00 1000,00

FREQUENCY (H2)
r

FIGURE 4. SAMPLE PLOT: STRESS SPECTRAL DENSITY AT CENTER OF
TWO OPPOSITE EDGES SIMPLY-SUPPORTED WHILE OTHER TWO
CLAMPED RECTANGULAR CURVED PANEL CROSS—REINFORCED
WITH STIFFENERS
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DISTRIBUTION
This report 1s to be distributed as follows

PR-SC 1
MS-1ITL, 1
MS-T 1
M8-T 1

1

R-P&VE-RT 2, plus reproducible master



