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FOREWORD
This report was prepared by Wyle Laboratories, Scientific Services &
Systems Group, for the National Aeronautics and Space Administration,
George C. Marshall Space Flight Center. The work was performed under
contract NAS8-33379, entitled "Acoustic Environmental Accuracy Require-
ments for Response Identification.” Administration of this study was
provided under the technical direction of the System Dynamics Laboratory
with Dr. L. Schutzenhofer, Mr. S. Guest, and Mr. T. Nesman serving as
technical monitors at various times during the course of the program.
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ABSTRACT

A general purpose computer program was developed for the prediction of
vehicle interior noise. This program, named VIN, has both modal and
statistical energy analysis capabilities for structural/acoustic interaction
analysis. The analytical models and their computer implementation were
verified through simple test cases with well-defined experimental results.
The model was also applied in a Space Shuttle payload bay launch acoustics
prediction study. The computer program will process large and small
problems with equal efficiency because all arrays are dynamically sized by
program input variables at run time. A data base can be built and easily
accessed for design studies. The data base significantly reduces the
computational costs of such studies by allowing the reuse of the still-valid
caleulated parameters of previous iterations. Given accurate structural and
acoustie response and exterior acoustic field data, the program will yield
reliable resuits. The problem facing the program user will be the
determination of the input data. Except for the most simple cases, finite
element or experimental structural data will probably be needed for the
modal analysis portion of the program. The acoustic component mode
synthesis capability of the program makes the determination of the modal
analysis range acoustic response less of a problem. For the SEA model, the
estimation of the statistical energy analysis parameters, such as the joint
acceptance, is required. The joint acceptance includes or is implieitly
coupled with structural mode shape information, struetural modal density,
and external (and internal) pressure distribution estimation. The combined
complexity of these factors usually limit the SEA method to rough design
trend studies or a post-test semiempirical modeling role. In any case, the
general purpose program VIN provides the framework needed to make use of
the full capabilities of both the modal analysis and SEA methods for vehicle
interior noise predictions.
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Section 1

INTRODUCTION

Throughout their operational life, space vehicle structures and payloads are subject to
severe dyramic excitation. This excitation stems primarily from two sources: acoustic
noise or fluctuating pressures associated with rocket engine exhaust flow or turbulent
boundary layer flow in flight and direct mechanical excitation caused by thrust
oscillations, turbomachinery, control thrusters, and so forth. The operational Space
Shuttle program brings with it a high launch rate and stringent reliability requirements
associated with equipment reusability along with an increase in the sophistication and
complexity of the payloads. To ensure the operational integrity of the structure and
payloads (as well as crew safety), it is mandatory that the dynamic environments be
accurately estimated for use as design criteria and in the establishment of test
requirements.

The overall objective of this study was to extend and implement the technology base in
the definition of the response environment for aerospace structures, the internal
acoustic fields, and the resultant effect on payloads, directed toward the establishment
of system reliability., Considerations include the material and geometric characteris~
tics of the internal volume and the influence of other payloads within the volume, the
effect of subvolumes and the structural influence of noise feedback. The prediction
techniques developed were implemented on a digital computer and optimized to handle
géometry changes, source variations, and other pertinent parameters. Both modal
analysis and statistical energy analysis techniques are available in the general-purpose,
user-oriented computer program for vehicle interior noise (VIN) prediction.

The contents of this report are as follows:

Section 2, Modal Analysis. The discrete modal analytical models and special
mathematical techniques used in VIN are presented.

Section 3, Statistical Energy Analysis. The statistical energy analysis model used
in VIN is presented.
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Section 4, Computer Program. The computer program's organization, structure,
capabilities, and limitations are described in detail.

Section 5, Computer Program Verification. The accuracies of the analytical
models and computer implementation of the models is established for certain
classes of vehicle interior noise problems.

Section 6, Computer Program User's Manual. A section of stand-alone capability.
It provides the VIN user with all the information needed to exercise the program.

Section 7, Environmental Prediction. Comparisons of VIN predictions of Space
Shuttle internal payload bay acoustic levels to OV101 acoustic test data and
actual STS-2 flight data are presented.

Section 8, Summary.
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Section 2

MODAL ANALYSIS

A relatively recent state-of-the-art review, entitled "Master Plan for Prediction of
Vehiele Interior Noise,"(l)

Most of the references presented a procedure for noise prediction and/or reported the

listed over 160 references in its annotated bibliography.

results of experiment. These noise prediction procedures range from simplistic to
unworkable in terms of degree of sophistication and information required for implemen-~
tation. A thorough study of methodologies indicated that the basic analytical
development by E. H. Dowell(z) provides the simplest and most versatile modal analysis
formulation available for low-to medium-frequency structural/acoustie interaction
problems of the enclosed cavity type. The acoustic portion of the model is based on
Green's theorem in conjunction with small perturbation acoustical relationships. The
structure is represented by standard linear relationships with differential pressure
across the structural wall as the driving force. Further derivation of the model, whieh
iﬁcludes normal mode mathematical techniques, results in a set of two coupled
differential equations. This coupling occurs because the internal cavity pressure
modifies the driving force on the structure. The technique also includes the effects of
mass and damping for both the structure and the sound field. An attractive aspect of
the formulation is that the differential equations require only "hardwall" acoustic
modes and "in vacuo" structural modes. The following is a complete derivation of the
modal analytical model used in VIN beginning with a glossary of terms.

NModel Derivation

Glossary of Terms

Aé = area of the absorbing surface
Af = area of flexible boundary
A;, = area of rigid boundary
c = speed of sound in fluid medium
Cﬁr = absorption coupling coefficient
n ° N-th "hardwall" acoustic mode shape for cavity
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L =
mn
M =
Mm =
a _
Mn =
N =
p =
p° =
P n -
9, =
& -
m
¢ =
m
e =
m
t =
\" =
w =
W =
X =
o]
yA =
a
Uy 7
P =

D

structural-acoustic coupling term

structural mass per unit area

structural generalized mass

acoustic generalized mass

normal to surface

perturbation pressure

external perturbation pressure on cavity wall
coefficient to acoustic normal mode expansion

generalized displacement

generalized external blocked pressure
generalized internal cavity pressure
generalized external pressure

time

volume of cavity

displacement of cavity wall normal to surface
frequency

position in space (x, y, z)

acoustic impedance of cavity walls

structural normal mode shape

density of fluid medium

Summary of Basic Relations Used in Model Derivation

plx,, t)

wi(x o t)

2 a
pe %: Pn(t)Fn(xo)/Mn
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a - 2
MA = 1/V f F.(x )dV
v
M = / mt/lz(x )dA
m f -
Ag
Cop = 1/Aa f Fn(xo)Fr(xo)/Z (x )dA
Aa
Lo, = UA f F(x )Y (x JdA,
Ap

e - ' e .
Q¢ =- f po(x,, Y, (x )dA
A

— a2
P = 1/(pe”V) [ p(xo, t)Fn(xo)dV

2.1 Basice Model Derivation

2.1.1 Time Domain Equations

Representation of the vehicle acousties begins with the wave equation for small

pressure perturbations:

2
op(x_, t)
o0 LD
c ot

Momentum equation on the flexible boundary:

op(x,, 1) Pwix, 1
_—G—N—_— = =-p -—-—.-E_—-__ on Af
ot

Momentum equation on the rigid boundary:

op(x s t)
SN < 0 on Ar

W(xo, t) is considered positive outward from the cavity.

(1)

(2)
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The rigid wall normal mode solutions of equation 1:

px, ) = F (x)p'“%n=0,1,2,3,.,

where Fn has the properties:

v, (x,) = - @3e) F (x)

oF (x )
n o -
-——a-N—— 0 onA_Af+Ar

0; rn

Ma; r=n
n

v fF (x )F _(x )dV

r-o"n’o
\4

(4)

(6)

(7)

Using Green's identity, which relates the surface integral to the volume integral of a
bounded volume, the motion of the boundary can be related to the response of the

volume.

oF (x)
f (p(xo, t)szn(x o) - Fn(x o)vzp(x o t))dv = _ﬂp(xo’ t) __g_N_"_
A A

ap(xo, t)
- Fn(xo)——-—é-ﬁ—— dA

Define

1

Pn(t) = ;—;—2-\—[ J p(xo, t) Fn(xo)dv
Wn(t) = 1/A f w(xo, t) Fn(xo)dA

A

(8)

(9)

(10)
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Break equation 8 into parts: OF POOR QuaLlvy

f 9 5 ' aFn(xo)
p(xo, 19)v4 Fn(xo)dv - Fn(k o)v p(xo, t)}dv = p(xo, t) —55— dA

v \ A
ap(xy, t)
- J Fx)—p— dA
A

Using equations 1, 2, 5, and 6 in equation 11, one obtains

2 2
o P(x ’ t) w
f Foxg) 12 3 av - f (P(XQ, t) -25 Fn(xo)) av

v pe ot v pe
' azw(x o’ t)
= Fn(xo) — dA.
A ot

Taking constants out of the integrals:

L [F &) L av s F_(x ) plx_, t) AV

X [N S, - —— (x)plx_,

2 f n“o ot pe? f n*“o’ %o
v v

azw(xo, t) )
= —temee  F (x_) dA
,[ ot n*e
A

Substitute definitions 9 and 10 into 13:

aZPn(t) . azwn © A
—— t Pl - ——
ot ot

An absorbent wall can be accounted for using the point impedance concept:

6W(xo, t)
X =2 e
p( o’ t) alX o) ot on Aa

(11)

(12)

(13)

(14)

(15)

v
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Apply the momentum equation:

ap(xo, t) azw(x o t)
5N = p 3 on A

ot a

From equation 15,

2
Swlx, )y oplxg, O

6t2 Za ot

Suostitute equation 17 into 162

ap(xo! t) _ p—]; 6P(xo, t)
oN Zé ot

Substitute equation 18 into equation 8, and solve equation 8 as before to obtain

2 2
o°P -
[ n(t) . :a_ e Z aP (t) +mazP o = Ap @ Wa(t)
atz A n n \'
where
c -1 IFH(XO)FP(XO) A
nr A Z (x) a
a a‘“o
a
Finally, from equation 9,
F (x)
p(xo, t) = pc2 E __x_l__ég_ -Pn(t)
M
n n
8

(16)

(17)

(18)

(19)

(20)

(21)

—c
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The right-hand side of equation 19 can be expressed in normal mode form; let the wall
deflection be expressed in series form:

wix , t) = % a0 v &) (22)

The modal functions l/Im(Xo) are defined over the region Af with properties
determined by the structure.

Recall equation 10:

W () = l/Af f w(xo, t) Fn(xo) dA,
A
r

Substitute equation 22 into equation 10 to obtain

Wn(t) = l/Af f Z qm(t) tl/m(xo) Fn(xo) dA, (23)
m

Ag

Extract the time term from the integrals:

W (1) = 1/A; Z q.,(t) f dlm(xo) F (x ) dA, (24)
m A

Define -

L= 1/a, f U (x) F(x) dAg (25)
Then

WD) = Z L, a0 (26)

m
and
w (t) a q, (t)
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Substitute equation 27 into 19: :
2 Sk
0 - | -k
¢ P (t) . ‘}_a pc2 _(_3_11_1- oP (1) . wazp ® L
2 \Y ; a ot n°n
ot : M i
r r
¥
' T
-A 5%q_(®)
A § : nm 61:2 ' o
m :
Equation 28 is a differential equation in time only and represents the acoustics of a % “
volume bounded by a structure. The structure can be represented by a linear partial o ‘
differential equation of the form . ;
“ azw(xo, t) . Ty
‘ Sw(xo, t)+Fd+M T = p(xo, t)-p (xo, t) (29) b
S = linear differential operator representing structural stiffness. R
; F d = damping force; a common model is the visecous damper. “% g
g Ny
: ow(x , t) |
Fq = C T Ser
; Puwix, 1)
M — = structural inertial force per unit area.
;: ot | T
p(xc, t) = internal cavity pressure. i
k p’e(xo, t) = external cavity pressure. : !
: }
‘;f For simplicity, one can assume the structural modes, Wy are normal in vacuo modes ; ¥
§; satisfying the eigenvalue problem: =~ : =y
- . ol
- SUn(xg) = MY (xg) @ = 0, 30) - :
Af Ml//m(xo‘) l)Ur(xc)')dA =0 ; m#r (31)
f = Mm ; m=r. 1{
@ is the m~th struetural natural frequency and lﬂm its associated normal mode. »
10 .

=
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Substitute equation 22 into 29: F POOR QUﬁt E!"rf'

(Zq t ¢m<xo)+ CZ g (%)
aq ()

+ M z ¢ (x ) ——— p(xo, t)-pe(xo, t)

aq()

Rearrange

oq, (® % (1)

Z(Sqm(t)+ C —5i— *tM—73 ) Va(xg) = px, 1) - P, ©)
- ot

Recall from equation 30 that

S=Mw2.
m

Substitute into equation 33:

Y (x) = p(x , t) - p(xo, t)

c 94 (t) azq (t)
m O

2 m m
ZM(“’mqm(t”M ot T T

m

(32)

(33)

(34)

(35)

Muiltiply through by z//m(x o) and integrate over the area Af. Apply orthogonality

relations; obtain:

2
aq_(t) 8% (1)
= " ) = Q,(0+Qc(®)

2 C
'(wmqm(t) v ot 2

ot
where ‘
, Qm(t) = f p(xo, t) l/lm(xo)dAf

€ =
Q) = - Z[ pe(xo, t) Y(x A,

f

11

e wme DA e W il iy e a R R e

(36)

(37)
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Substitute equation 21 into equation 37 for Qm(t):

Q0 = f pczz i ° P (t) 1 (x )dA, (38)
Ap n

W= Y pczP(t)fF( ) 4_(x )dA (39)

Qp't) = = @ n n'¥o) Yim'¥o)9A¢ '
A

Substituting equation 25 into equation 39:

P (t)

Q (0 = pe? A, B

(40)
T Ma “am

Substitute equation 40 into equation 36 to obtain the desired form for the structural
equation:

2
8q.(t)  8°q (1)
(w q (1) + 5 + —2 ) M,

at atZ
P_(t)L
= pel Jh__nm e ~-
= pe Affn_‘, T T Qp(® (41)
M

In summary, the vehicle interior noise problem can be modeled by a set of coupled
differential equations, one describing the acoustic response (equation 28) and one
representing the structural response (equation 41).

Acoustic Equation:
B (1) A_pe’ <\ C. P (1 2
A 2B et
ot T oMd O non
-Af

Z 049 (t)
L
mn atZ
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Structural Equation:

2
o°q (1)
M m__ .
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OF POOR QUAUTY

c 99pt) 2

m

2

M

ot

ot

Given some external pressure field or point force on the structure Q?n(t), the equations
can be solved by any standard method to obtain Pn(t). With Pn(t), the internal pressure
at a point or the average internal pressure can be calculated. Recall equation 21:

p(x,, t) = pe? E

a
n Mn

P, () F_(x,)

The space-averaged pressure squared over the vehicle structure at time, t, is calculated

by
1 2
v /p (xo, t) dv
A

)

P (t)F (x)
_1_\7 /;022 n ano
‘ M

A" n n

P (t)P*,(t)

n MnMn'

it

Due to orthogonality,

J[F (xo)Fn,(x )dVv = 0 for n#'.

v

13
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P*(t) F (x)
pcz 2: n' n-o dv
n' Mal
n

ﬁn(xo)Fn,(xo)dV
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Hence, the space-averaged pressure squared over the volume can be calculated by

Y

2 i I

2 4 Po(t) VL og

P Dk #

{pPx, 0> =ty A (42) L

volume n M Lo

n r 4

: g g f
z :

2.1.2 Frequency Domain Equations o |

Equations in the frequency domain can also be obtained. Let S

& 0
P () = f ?n(w)e‘““tdm (43) Fl
i

- P (1) ° i
f n_ = f - iwP (@ 10t 46

ot
S R 3

)

2 R
3°P_(t) ®© . iF i

; ‘; = f - w?P (@)e ot R

: - ;

§

and

q, () = / q,@e 1t G (44)

E hfe!

; aq_(t) w ; TR
m - _s = -iwt k h
3t = m)qm(w)e dw

-00

62qm(t) ) . vE .

- at oo 4

b3

: ik ;

in ]
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e
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And
G = f px s )Y (x)da, e do
-0 A
f
= 'Q:]I(w) et 4o (45)

Substitute these relations into the time domain differential equations:

0 2
A pe C 2
(B SRR
e ro M
A
_ i 2 — -iwt
%} v Lo w qm(w>)e dw = 0 (46)

and

o«
2 C . 2 \=
(Mm (- w =37 Ct)l+(‘)m) qm(w)

L .
- (PczAf Z "I\%&n wi)'ﬁn(w)--le(w)) e 1%t qw = ¢ (47)
n

n

It équations 45 and 46 are to hold, the integrands must be equal to zero. Hence,

Acoustic frequency domain equation:

j 2
A_pec C 2 A
2 a Z nr . a’ls _ Z : f 2 -
(_ W - v wl + u)n )Pn(cu) = _V an w qm(w) (48)

r

Structural frequency domain equation:

L
2_C . 2) - - el am i P = bl
n
15
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L
If one is interested in the acoustic pressure inside the structure, equations 48 and 49 v
can be combined to eliminate am(w). From equation 48:
5 >3 A 2 2.3 08 afui az) -
P (0) = 2 ¥ Lim @ 9@ -w° - : 28 @ @it W) (50) RN
where -
A C |
a - _a 2 ~mr o
28 nr “n = v Pe Me
\ .
n .
T
From equation 49: nT :
L TTOn {
_ n oM i
q,. @) = . (51) S
m 2 . 2 ;‘
Mme Z;m @ Wi + a)m) I
i where l
3 ; }
A i
E 2, w =L Viscous damping model (52) £ § 7
; m“m M ? P
' - J 1
'Ql?ll = Generalized force (understood funetion of w) | o7 3
: Tyl
Substitute equation 51 into 50 and changing the summation index n in equation 51 to s o
‘ to avoid confusion with the index in equation 50. S
A L T4
5 5 - {°°f 2 bl 2 sm ., = 4
5 Pn(w) = Z (‘V an (3] (Q + pe Af Z —a @i PS(O))) ’ a4
: m s M
S s _—
] /M (-w2-2§ w_wi+ o) w - Y2 i+ a? f ’
s S
- 16 g
—NO LI S . et et e st L T T " - .,. - _Trﬁf‘."__f";?,: ""_-’“f, ey A‘, o , M




o T T e o I e s

To shorten the equation, define:

( ® "Ezznrmn“’l ("2)

r n(tu)

]

(54)

T (@ Mm(- W -2 @ wi+ mrﬁ)

Equation 53 becomes

P = 5 (3t (a2

m
L
2 sm .3
rec a3 S wiBe) / rm(m))) /‘n(w) (55)

Solution of this equation involves a set of "n" equations and "n" unknowns. The coupled
nature of the solution is, as previously discussed, caused by the effect of the internal
cavity pressure on the structural response of the cavity wall. Equation 55 can be made
more clear by the following expansion:

AL w? L
= f nm = bl 2 —om
. P_(@) =Z———T (Q +pc” A 1P(w)
n m Tm(w m f Mg
L L
+ ch Af 1:' wiP (w) + pc2 Af __g_gx_ wi Pz(w)
My My

L
.t pc2 Af n;n wiP (m)

Mn

L !
oot petag wil_’s(w)) I (@) (56)
a |
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Solve for Pn(w): . |
-~ 2 ‘1
A, L o
s - __t: nm i o,
Pn(‘“) ’l;l(w) = § Lv ﬂ—y ( + Pc A ; ——wl P (a))) B }
. |
A L L
f nm 2 nm .3
+ - =7 pe’ A, — wi P _(w) (57
%: LR foye —m ,

}

5 r Z ’Af an ‘“2 2 . an ] ; i

P (w) e ! (w) - v T @ °° A, wi S
n n m LV I,@ toye IR ;
f

= - Q +pc’A ; wiP (w)) (58) o
) )
And finally, : ;?
_ 2 !
AL o L ;
f "nm = bl 2 sm .= — ;
v 5w (Rt ot aano) G
P () = — 5 > ' (59)

A, L w L w L T
f “nm 2 nm i v
LCREDY [‘\T T,@° 4 ] o
m m M ‘
L n . ?
A :
L |
-3 :‘
2[ o (2 cta, F e i
Q'+ pPe“A —— wiP (w)) :}
_ =V T (OJ) F‘(‘“)( f = Masl s oo ;‘
Pn(w) = — 3 (60) o |
. % |
L - Z Aanmw pe Af anwl o ]

= Tm(“)) 1‘“(0)) Mﬁ ) :
!

18

;_ | .. o ]
R . i i ropm——— T T i T R —" T T I o R B i




ORIGINAL PAGE T
OF POOR QUALITY,

Let
2
bhm = V?‘f :;?)m;i (@) (60a)
m' ‘n
L
2 sm .
K = pe” A, —m wi
sm f ME
S
L
- 2 nm .
Knm = Pe Af —ry wi
M
n
Hence,
— bl -
I (Q +};K P(cp))
_ LG: nm m 4 sm s
P (w) = ' (61)
n'
(1 - ?n: Lm Knm)

Equation 61 can be used to generate the set of simultaneous frequency domain
equations required to solve closed cavity problems in which the effect of the internal
sound field on the motion of the structure is significant.

When the acoustoelastic coupling is negligible, the problem solution becomes much

simpler. The acoustic equation and the struetural equation are independent. Equation
51 becomes

qm(“)) = T (@ : ' (62)
Substitute equation 62 into equation 51:

2 =>bl
N Af anw Qm

P () = . vV T, @ I (63)
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Using the definition of Inm (equation 60),

= = bl
Pn(w) = zm: Iim 9m (64)

Hence, the solution for each mode "n" consists of a single equation when the effect of

the cavity pressure on the wall motion can be neglected. In either case, once Fn(cu) has
been found, the pressure can be calculated.

P (@F (x)
px, @) = pe? >, B 1.2 | (65)
n Mn

Equation 65 yields the pressure at a point and at a single frequency. Other quantities of

interest are the space-averaged pressure squared at a frequency and the space-
averaged, band-limited pressure squared. The mean square pressure is

Dz(xo, w) = p(xo, w) p*(xo, w) /2 (66)

Recall equation 65:

P (w) F.(x)
p(xo,w) =Pcz}: 2 Lo

a
n Mn
Then B (
P*(w) F_(x)
p(xy @) = pe? D, —L D0
n' M
n
Hence, B (@) P* ()
’ ; P (w) P* (@
2 _ 1 24 n _~n ;
P (xo’ ) = 2 Pe ; n' MM Fn(xo) Fn'(xo) (67)
nn'
Space average <pz(xo, w)> = 1/V fpz(xo, w)dV (68)
' A
20
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Pn(w) P ;1((‘))

<pz(x°,w)> - ;§ _%_ 524

o Kl B} [ ) B gav) 69
M) M5 v

Because of the orthogonality of the normal modes Fn(x o)’ equation 69 reduces to

2 4
<p2(xo’ w)> = ; ch

P, (@) PX(e)

— (70)
n

To obtain space-averaged, band-limited pressure squared, simply apply integration
techniques over the band of interest.

P n(cz)) P ’l"l('w)

¢ 2 2 4
{pix , w) = 1/2 p%e® A —I1 __l4u (71)
< o’ >band Zn: M2

band n

In the case of a deterministic external pressure field, equations 65, 70, and 71 ean be
solved. However, if the external pressure field must be considered randam, further
derivation is required to adapt the equations to accept external pressure field
information in that form. One method of developing probability descriptions of random
variables is through the use of the expected value:

E(x] = f “x £, (x)dx

-0
where Xx - denotes a random variable
f (x) - density of the random variable x

In the case of Fourier transtformed data, the random variables are functions of w based
on a sample length T. Recall equation 70 (the space~averaged pressure squared).

P¥(@) P (@)

oz, @) = D 172 ol ——“—1\-;&———

n n
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Take the expected value of both sides: B
b
E | (plx, )| =9 % Pl ¢ [Brwp @ (72) et
P Xy ﬁﬁd 2 M n N P
n o
Let !
= 2 ) ras
50 = & [(lag )] A
(73) «
- = P* P o
@ = [Pr @] H
3 !
When the effect of the internal pressure on the cavity structure is negligible, Sp (w) T
can be calculated. n ERE
.
3 P = - Ten i
P @ = >, - f b °(x_, w) yp_(x )dA (74) 2
; m
1 A -
*
) P* = * - =€
: Pn(w) Zs: It f P (x’c, a.)) ‘//S(x’o)dA' (75)
: Al

Then

-P;(O))Fn(ﬁ)) = Z - I;SInm- ffpe*(xto, m)pe(xo, m)‘ﬁs(xto)(/’m(xo)dAdA' (76) ﬁ

s

1

Take the expected value of equation 76 ’

‘ b

: [Frofy@) - st f S0 0, oy )| e )k Janaar ) N

2 EEN

= 23

. : Define the joint acceptance , i
i 2 _ g

4 s = (w) 2 f f S 15| Ko @) Uglig) U (K JaaaA  (18) o he
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Spbl(w) - Blocked pressure power spectral density at reference point or
averaged over the surface.
pbl(x o\ Xy w) - Blocked pressure cross-power spectral density.
b

Substitute into equation 77

E[Pa@ P )]

Z Z 2
I;S Inm pbl( ) Jms(w) * 2
2 )
2A Spbl(w) (Z Z Ins nm ms(w)) (79)

Substitute equation 79 into equation 72

2 4
E [<p2(xo, m)>] - zn: P_Nfal_ A’ Spbl(w) '( 2 Tisthm ms(w)) (80)

n

In many cases, Jms ~ 0 when m #s. This approximation is valid if the structural
damping is light and the correlation length of the external pressure field is small. The
approximation simply asserts that the cross coupling between modes of the structure is

negligible. With this generally valid assumption, the space-averaged, band-averaged
pressure becomes

2 4
- P e 2
Sp(w) = E: —I\Ea_ pbl(w) 2: ‘Inm (w) (81)
n

mm
n

Equation 81 is used to calculate the expected value of the space-averaged pressure
squared at a given frequency when the effect of internal cavity pressure on the motion
of the cavity wall is negligible. If the coupling is important, a solvable random
formulation has not been obtained. In such cases, a representative time history of the
external excitation can be synthesized and the deterministic solution found.
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The band-limited, space-averaged pressure squared can be analytically calculated.

/0)2
= 2 2.4 1
Sp(w)dm = a2 p% E =

n Mn
)

2
2

s |

. 2
Assuming Spbl(m) and J m(m) are constant over the band,

w 3

2
2 24
/ S (wdw = AP Z-la
P | M
(ul n
)
2
\ 2 2
b)) ; 2 () / 1 _1%do (82)
w
1

where © e = center frequency of the band.

The integral over frequency in equation 82 can be analytically evaluated through
integration by parts. For the sake of brevity, the long and tedious integration is not
given here. If the exterior pressure is expressed in terms of band-limited mean square
pressure, replace Spbl(“’ c) with the band level, Bspbl’ divided by the bandwidth.

2.2 Peripheral Developments to the Modal Analysis Model

Various extensions to the basic model can be made to increase the versatility of a

computer program implementing the model. In this section, these developments are
presented and discussed.

2.2.1 Acoustic Component Mode Synthesis

If the acoustic normal modes of a cavity shape are not known, they can be found
thtough a process called "component mode synthesis." In this process, the complex
cavity is approximated by several smaller cavities of known modal characteristics. By
foreing the pressures to be equal at the openings between the subcavities, a solution for
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) ﬁ |r the normal modes of the complex cavity can be obtained. The following is a sample

derivation for the simple case of two cavities connected by one opening. It should be
noted that the "opening” could be a structural panel.
/—Opening 1

17
o / 1N\
Cavity c.—/ \-Cavitye

b The structural equation for the opening between the cavities can be written:
2
aw(xo, t) “wix o t) o e
Sw(x, t) +C 5t +m 2 =p&,t-px,t (83)

Define the normal modes as before.

L Wi O = D2 ap(® ey
e (84)
P o S(ﬁm - Ml/lm wlz'ﬂ = 0
. f My, (x JU(x)dA = M_ m=r
Lo A = 0 m#r

Substitute equations of 84 into 83:

2
8°q_(t) aq (1)
3 M( L L qm(t)) U = pxy, 0 -p%x, ) (85)

AR m ot
! Recall that
F (x)
_ 2 n"o
plxyy ) = oe? D P (t) O
n Mn
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Hence,

2
8°q_(t) aq,_(t)
Z M n; +C glt * m?n qm(t) ‘//m(xo)

m ot
Fé(x ) , Fé(x )
_ 2 c n-o 2 e n 0
= pet D P g - et 3 i ot
n c n e
Mrl : Mn

Multiply through by ¥/ (x ) and integrate over At

2
o°q_(t) aq . (t) .
2: m m 2
—_— 1+ C + w q (t) M
= mz ot m °'m

m

P (t) Fo(x )
- f pe? D 29y (x )dA,

n e
Af Mn
f 2 P2(t) Fe(x )
pc > t//m(x o)dA
A £ M
n

Using the definition of equation 25 in equation 87,

5 ézqm(t) oq ()

+C — + @ g ()M
= atz ot m‘m m
c c
(t) L
2
n Mc
n
e
P(t) L
2 n
M
n

(86)

(87)

(88)

In a multiple cavity problem with more than one opening, an equation like 88 is written

for each opening.
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The hard wall acoustic equations for each cavity are

2.C 2 2 c
0 Pn(t) mac c _ Af 0 qm(g an
g P R0 = oy L (89)
ot e m ot
2..e 2 2
3°P(t) a A aq_ (b
n e e f m e
——— +® “PA(t) = == —5— L (90)
atz n n Ve Z—; atz nm

In a system of more than two cavities, one equation must be written for each cavity in
the system. The right-hand side is the foreing function of the cavity and represents the
motion of the opening to the cavity.

Shifting to the frequency domain and making the standard substitutions,

= € e
P “(@) L
2 . 2\~ _ 2 n nm
Mm (-w +2memw1+wm) qm(w) = pe Af Z; B
M
n
ﬁe(w) Le
- pefa D, L Im (91)
n M €
n
| 2 A
2 e ) se,y - _ £ _ 2= e
(-m oo ) Pn(w) = 7 Z (-w qm(w) an) (92)
e m
2 ‘ A
2, €| se.n - _f 2 e
(-w N ) P (@) = + v, Zm: (-0 q @ L ) (93)

In principle, any number of cavities and openings could be accommodated. The set of
equations includes one equation for each opening and one equation for each cavity. The

number of terms on the RHS of equations 92 and 93 depend on the number of openings
into the cavity.
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In the case of a pure opening (i.e., no wall), the result ean be simplified because Mm
goes to zero:

0 = A D
n

P L Po@) L
n nr n nr
" A zn: me (94)

c
Mn ¢

e,
g “ 02‘) (95)

V. 2 (- ! 3, (@) Lsm)

| (96)
e2)

Plw)

= o
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Divide out (- @) and let

2 c c 2 e e
A L A
Q. = f Z nm__nr + L z nm_“nr (-1)
rm v¢ T 02 2 c v T e2 2 e
wn w Mn w” - Mn

Q q =0 r=1,2,3,...
; rm ‘m

The natural frequencies are determined by the condition that the determinant of the
coefficients must vanish.

|| = 0

Equations 95 and 96 can be substituted into equation 94 to obtain a nonstandard
eigenvalue problem. Once the eigenvalues and eigenvectors of the system of equations
have been found, equations 95 and 96 can be used to obtain T’Icl(w) and ?lel(w). With these
values, the mode shape of the multiple cavity system can be calculated.

Within cavity e:

se e
F:i'(xo) = Z P (@) F(x,) (97)
n

c
Mn

And within cavity e:

1—,.e Fe
Fox) = Zn: n® en(xo) (98)
Mn

Again, the normal modes and mode shapes for a complex cavity can be obtained by the
process of component mode synthesis. The required input to the process is the hard
wall normal modes and mode shapes of the subcavities which approximate the complex
shape.
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w
2.2.2 Generalized Acoustic Mass of the Multiple Cavity System
The generalized mass of the multiple cavity system, needed for the calculation of the
internal pressure, is defined as
M2 = v f F (x)F (x)dv (99)
f nn' ., n%o "n"o
: \'f
where Fn(x‘ o) and Fn,(x o) are mode shapes of the multiple cavity system. Recall from
equation 98:
V . ygpV
i P (w )F (x
F(x) = Z m(n) m(o)
n"o s M S¢
m
: v v
Py = 3 —rln) e (o
- n""o v
v r M
; r
; where le(cun) and PI‘,’(wn,) are constraint constants from the acoustic component
synthesis with v denoting the subvolume when used in conjunction with other variables
and denoting the volume of the subvolume when used alone. Capital V denotes the
volume of the multiple cavity system as a whole.
v v
. " 1 /‘ Z P (@)F (x)
nn' TV ~ MY
A r

v v
z P (wn') F (xo)

v
r Mr

dv (100)

N ,‘ LN F;,. Glanid d4L A

Break this integral down into the sum of the integrals over the subvolumes of the
cavity.

nv PV ((l) )Pv(&) ’)
Mr?n’ - Z %' ! / 2 Z e L F;’n(XO)FI‘,’(xo)dv

V 4,V
Vel 7 m r ,MmMr

!

nv = number of subvolumes in the multiple cavity system
v = subcavity.
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v v
P (w)P (w)
a - 1 m nr n \' \/
ME = Z Vool Xr: S f FY (x) FY(x) dv
v=l m'r v

Since F;’n (xo) and FIY (xo) are normal modes of the subecavity v, the integral is zero

where m #r,and v Mvm where m =r. Hence,

nv v v
P (w)P ()
a - 1 2 : m'n’"m n
Mnn’ - Z viv ° e MY (.101)
v=1 m

an(wn) and P;'n(wn,) are known from multiple cavity component mode synthesis
calculations. Since the modes of the multiple cavity system are also orthogonal, the
generalized mass, Mr‘:n' =0 whenn #n'.

2.2.3 Space-Averaged Pressure Over a Subvolume
of a Multiple Cavity System
The space-averaged pressure squared over a subvolume of a multiple cavity system can
be calculated. Recall equation 67:

P_(«) P@)

P, @ = 3okt D5 D F_(x) F_(x)

. a,8a
n n Mn '
Take the integral over the subvolume VI’
P_(w) P*(w)
2 - 1 24 n n' 1
P (xo, w) = 5 P'e Z 2 o v an(xo) Fn,(xo) dv (102)
n n Mn Mn' v

Since Fn(x o) and Fn,(x o) are mode shapes of the multiple cavity system and not the
subvolume, the volume integral is not necessarily zero when n#n'. To calculate the
integral, recall that the multiple cavity mode shapes can be calculated from the
constraint constants from the component mode synthesis.

PY (w ) FY(x)

_ 2: m' ' n "m*<o
Fn(xo) - o MY
‘ m
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Fn'(xo) E v
r Mr

Substitute into the integral

MV
m

‘ PY @) FY (x)
1 1
-+ f F xJF (x)dVg = + / > )y —me mo
v v r m
\% \'/
Pr(wn') Fr(xo) d
[ ] m \'2
MI‘
v \'
= Z Z P Frl@p)

V v
r m
Mm IV’r

o L v v
- f Fm(xo) Fr(xo) dv
v

Since F;'n(x o) and Fﬁ(x o) are mode shapes of the subvolume, v, the integral is zero when

m #r and Mn‘]’ when m =r. Hence,

PY (@ )P (@)
1 _ 2: m' n " 'n!
K2 [ Frlxy) Folxgdav = -

v
v m Mm

Substitute equatio'n 103 into 102 to obtain

2 1,24
(Hege) = g P Zn:%? M2 2

P-n(co) P ;‘1(0))

v v
. Z Pm(wn) Pm(wn,)

v
m Mm
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For random excitation, take the expected value of equation 104:

E [P, P3@)]
o i
(sy@p = DI 1okt g
. s
v n n Mn Mnu .
4
‘ v v X
. P )P (w) :

: . Z m n m( n' (105)

- m MY
m
[}
, ‘ Recall the relationship expressed in equation 79.
T8
* ( = * '
1/2 E [Pn(w) Pn,(w)] pb1("’) }: E Lo e Jsr .
: f
- and substitute into equation 105 to obtain ,:
f P) @) PY (@) !
G = L T At o y|—mm ;
\ n n Mn Mn‘ m Mm % ]
o 2 *
: * o
- * pbl(w) ; zr: s T Jsr P
Again, neglecting the cross-coupling terms, JSr’ as done in equation 81, E ’
, “ P () PY (@ ) N
<sp(m)> = gt Z Z; al 5 2 L n’va . i ;l
3 \4 n n Mn Mn’ m Mm g
: !
] * |
= « A%s 1“") Z LN .08 Jrr (106) ;
- »
- !
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The double summation of n and n' in equation 106 can be a very lengthy process. An

approximation for the subcavity average internal pressure can be obtained by neglecting
the cross terms nn'. This assumes

m

Z P;’n(wn) Pvm(wn,) <« Z (P\r;.ﬁ(wn))2
m

whieh is the same as asserting

2
/ Fn(x o) Fn,(xo) dv « f Fn(x Q) dv

v \4

Applying this assumption to equation 1086,

o

2
2 'y ] 2
« A%S @) Er, .o (107)
where 9
, V

~V (Pm(wn))

C - v

nn = TR

m Mm Mn

2.2.4 Multiple Panels

When an enclosure is constructed of several walls, each having separate response
characteristies, the internal pressure can be calculated by the linear superposition of

the contributions from each panel. For example, the pressure at a point and frequency
can be calculated by

P*¥(w) P_(w)
(o, @) = >, 3 2 LI (108)
panels n Mrl
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Since the acoustic constants in equation 108 are independent of the panel structural
response, the equation can be written

<p2(xo, w)> = ﬂ;cf }n: 1 Z (P;(w) Pn(w)) (109)

a .
M. panels

2.2.5 Modal Summations

The multiple summations required by the modal analysis method can become exces-
sively time consuming if one sums over all the structural and acoustic modes at each
band. Recall equation 82, which gives the space-averaged, band-averaged pressure
squared in the volume

)
2.2 4
p M2
w. n n
1
[ @2
2 2
Spbl(wc) Z Jmm(‘"c) / IInml dw
m P :
1
where _
2.2
lI ‘2 = -f&f L.nm . 0)4
nm 2,..2
VM 2 2 2 2
m a” 2 2 a” 2 2 2 2 2 2
((wn - @) +4§nwrl w)((com-w) +4é‘mwmw)

The further w, ‘and W, are from the band of interest, the smaller value of the
integral. This fact forces the series to converge to a solution. Criteria which limit the
computations to only those modes that significantly contribute to the solution are

developed in this section.

The outermost summation is over the acoustic modes of the cavity. Consider a
frequency band centered at W, with @y and w, as the lower and upper frequency
limits. The acoustic natural frequencies closest to the center frequency, ) will
contribute the most to the solution. The magnitude of the frequency separation

between w e and w, after which one can consider the acoustic modal contribution
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negligible is a function of the accuracy desired, the number of acoustic modes close to
W 4 and the acoustic damping. When examining the acoustic modal summation, one
must compare the acoustic modal contributions using an arbitrary structural mode as a
constant. For simplicity, assume @ = o, hence

lI \2 - Af an . coz
nm 2
2 z_wz) 2 22
V' [(wc + 47 m%e? ]
2
e (110)
[l - o) sckea’?]
Since w o ~ © Over the one-third-octave band, o, to Wy,
2.2 2
|I \2 - Af an . “e . w° (111)
m e (m.n -a)) +4;nmn A}
, 2 V2 4t 12n Q)(Z:
Normalize |ln m\ by —55 and integrate over the one-third oc¢tave band
A L
f “nm
around w, to obtain an acoustic modal proximity weighting factor, Wa,
w
a w?
wW® = do (112)
a2 2\, 2 a% 2
(01 <® —-w) + 45 (u: W\

By establishing a base weight, Wg, equal to the value of w2 at the w N closest 10 w ot &
eriterion for modal importance can be defined:
w : : o
If ;V-; < € then the @ is not important to the solution in that band,
b
where € is some fraction of the contribution of the nearest acoustic natural

frecjuency, mg.

36

e wsmEee T Lt ;e e s

sty Fr e o xm

iiterd e ot e mes

NIRRT




]
w Fe.
i
ol .
SO )
i
'
, o
i i'[
L
N
-
H
1
¢
N
.
i
..
-
T
Y
o
o
X
g,'n
4
it
4t
¢
-
t

s atieen

SEE

[2azme iy
4

e
I

W ~j~':u——::—

The structural criteria follow the same development to yield

@
2 2
wo = / & dw (113)

2
x 2_.2 v2 .2 2
“1 (wm w) +4"mmm("

The weighting factor integral, W, can be analytically evaluated over any band of
interest to obtain the bandwidth of importance:

Band = |w, - w (€)] (114)

wn(e) is the frequency above which the equation

W - W <eW

b b (115)

holds. Wy in equation 115 is the weighting factor integral for the closest mode to the
band. W is the weighting factor integral at the frequency cun(é).

To limit the extent of this task, the program implements this analysis technique with a
few simplifying assumptions. In calculating the acoustic bandwidth of importance
around each band of interest, the highest damping for any cavity mode is assumed for
all the cavity modes. In calculating the structural bandwidth of importance around
each band of interest, the highest damping for any mode of the structural wall of the
cavity is also assumed for all the structural modes. The modal summations of each
structure is considered separately.

2.2.6 Point Excitation

Wfth use of the delta function, point excitation of the structural wall can be considered.
In this section, the generalized driving forece for both the deterministic and random
cases will be defined for a point force. Let

X = Xp be the location of the point excitation
and F(x, t) be the time history of the force at that point.

pe(xo, t) = ¢5(xo - xf) F(xf, t) (116)

é(x - xf) is the gelta function
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Q0 = ff 0%y 04 Jas
S
QR = [fatx, -xp Fixg 0y (x )ds
S
Hence,
Pt = Flxp 0 y_(x)

This, of course, also translates to the frequency domain,

Q@) = Flx, ) ¥ xp

For random vibration,

P = T ) [fé(xo xg) F(xp, @) Y_(x_)ds

Pre) = T 1@ ffatx; - xp Frxy, o) Y )as
S

S

Since x'f = X for point force excitation,

172 EPre P @] = T T 1@ i @ [|Feg, 2]

S m

. W) ¥ (xp)

(eq. 37)

(117)

(118)

(119)

(120)

(121)

(122)

where E [IF(xf, ) | 2] is the expected value of the mean squared force at point Xpe

2.2.7 Reverberation Time

The low frequency formulation lends itself to the calculation of the reverberation time
of an arbitrarily shaped cavity with walls of unequal absorption characteristiecs. The
equations needed for the calculation of the reverberation time are presented below.
This particular application was first presented by Dowell and is fully developed in
reference 3. Several important points about reverberation time, absorption, and
impedance are made in his paper based on equations also used in VIN's modal analytical
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model. However, only reverberation time will be discussed here. Recall equations 21
and 28:

F (x)
pix;, ) = pe® Y, L . p () (123)
n M
n
and
2
o°P_(t) A 8P _(t) 2
0 L% ey T B0 et o
ot r Mr

where the RHS of equation 124 was set to zero to represent the unforced condition
considered in reverberation time. All symbols are as previously defined.

Reverberation time is defined as the time required for the diffuse pressure in a room to
decay 60 dB after the pressure generating source is turned off. Given initial conditions
at p(x o,0), ap/at(xo,O), the pressure in the room can be calculated with the above
equations. One has several choices for these initial conditions because of the imprecise
definition of "diffuse" pressure field. One could simply require the pressure to be
initially uniform (p(x o’ t) = p(x o,0) = constant), or the potential energy in each mode to
be equal (Przl(t=0)/Mn = const for all n), or the kinetic energy in each mode to be
constant. In addition, one must specify where the pressure decay is to be measured or
define an overall measure of room pressure, such as a volume averaged rms level.

0 )1/2
av = (l/V fp (xo, t)av

\

%

as developed in section 2.2.3, this results in

1/2
D, = el (Z PA() Mn) (125)

Dowell shows that the damping coupling between the modes is usually small, hence
Cm,-—» 0 and can be neglected. The controlling equation becomes

2
°(P_(t) A C AP_(t) 9
n a 2 _nn n a
— t g Pt — —=7— tw’ P(t) =0 (126)
2 A" - ot n p
ot M
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The solution to this equation for n >0 is

a 9 1/2
exp( §d o t) <Pn(0) cos (a)n(l—é’nn) t))

Palt nn n

oP (0) 1/2
+ ( (—-é'-‘f—- +8 b Pn(o))/(mﬁu -82) ))

o 9 1/2
sin (wn(l - d'nn) t (127)

R a._ 2 . .
where Zénn @ = Aa PsCy Cnn/(V Mn), as before, if énn <« 1, as is usually the case,

PO = exp(- 8 wﬁt) (p‘n(:;a) cos wzt)

3P_(0)
+ (_agt—— + Jnn a)g Pn(O)/ )smw t (n>0) (128)

For n = 0, the Helmholtz mode, the solution to the governing equation is
P (0) a
P (t) = T (1 -exp(-24,, @y t)) (24 0) +P (0) (129)

where 28, @2 = A_ poc(z) cnn/v Mn)/ZAa £ 0

With appropriate selection of initial conditions, the space averaged reverberation time
can be calculated. The terms required for the calculations are all also required for the
modal method of noise transmission analysis. Hence, the reverberation time calcula-
tions can easily be added to the computer program VIN using equations 127, 128 and
129. Of course, the band filtered reverberation time can also be calculated.
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2.2.7 Retransmission of Sound

The fundamental equations implicitly include the effect of the internal pressure on the
net generalized force on the structural wall. Direct inclusion of this effect, however,
couples the structural and acoustic equations (see equations 48 and 49). The effect of
the internal pressure on the motion of the structural wall is often neglected to uncouple
the equations (as in equation 62) and significantly simplify the ecalculations. An
approximate allowance can be made for the retransmission of sound by noting that the

process is essentially linear. The interior and exterior pressures, P, and p o respectively,
are related by

2} _ 4.2
(pi)v = Apy

where ()V denotes in vacuo shell response (that is, the effect of interior pressure), is not
considered. Counting interior pressure,

ot = alet-2) |

The equation assumes the process is reversable. If only a single mode is considered, this
is true. Since the present approximation has structural modes uncorrelated with each
other, and acoustiec modes are uncorrelated in the spatial average, this is a reasonable
assumption. At low frequencies, there are few modes present, so ..1e approximation is
reasonable from this viewpoint as well. At high frequencies, where there are many

overlapping modes, the SEA portion of the program is a more appropriate model for
vehicle interior noise prediction.
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Section 3

STATISTICAL ENERGY ANALYSIS

Theoretically, the model presented in section 2 is good for the entire frequency range.
As a practical matter, the computation time required by the method will become
prohibitively expensive as the number of structural and acoustical modes in each
frequency band becomes large. The statistical energy analysis (SEA) method presented
in this section is used in VIN when the acoustic modal density becomes sufficient to
justify the required SEA assumptions. This particular SEA formulation is a modification
of the high-frequency model used in PACES(4). It allows the calculation of the average
noise level within predefined subvolumes of a vehicle given a random external pressure
field on the vehicle structure. In VIN, the SEA subvolumes are defined to match those
used in the low-frequency analysis portion of the program to facilitate the transition
between the low- and high-frequency models. A very good summary of the general idea

(5)

of SEA was given by Trudell and Yano'"’ in the preface to a structurally oriented SEA

cormputer program:

Statistical Energy Analysis (SEA) is a powerful tool for estimating the high
frequency vibration spectra of complex systems. The analysis method is
based on the estimation of the power flow between idealized gross elements
of a vibrating system. The method is statistical in that averaging
assumptions are made with regard to distribution of energy within an
element, distribution of resonant modes, and the coupling between elements.
These assumptions greatly simplify the computational complexity associated
with normal mode methods. These same assumptions impose the limitation
and point response predictions cannot be made.

The assumptions on which the method rests and their implications can be
quite rigorously stated as follows:

1.  The total vibrating system can be partitioned into SEA elements (with
suitable boundary conditions) whose modes approximate the modes of
the original vibrating system.

2.  The modes of the elements of a system contain all of the vibratory
energy of the system.

3. The energy in one frequency band of a system element is equally

distributed among the modes of that element occurring in the fre-
quency band.
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4. Only modes occurring within the same frequency band are coupled.

5. For two coupled elements, all of the modes occurring in one of the
elements in one frequency band are equally coupled to each mode
occurring in the same frequency band in the other element.

Assumption 1 contains the fundamental existence basis for SEA: the
concept of partitionability. This concept implies that a coupled vibrating
system with system modes can be approximated by two or more separately
idealized vibrating elements, each with its own independent mode set.
These sets are coupled only in the sense of having power flow to and from
each set across the partition boundary (later referred to as the "joint"). The
approximation to this model exists in most structures having reflective
boundaries in the higher frequencies. For example, a skin/stringer structure
has higher order skin panel modes that are nearly the same frequency and
shape as an ideally supported panel because the stringer is a comparatively
massive boundary causing reflection of flexural waves from the skin panel.
An SEA plate element could logically be equal to the panel area bounded by
stringers or frames. Such elements will then have to be coupled with joint
elements in order to develop an SEA model which emulates the vibratory
power flow of the real structure.

(Another example is a structural/acoustical problem where the modes of the cavity and

the modes of the structure can be considered separately.)

Assumption 3 is the most important simplifying assumption of SEA because
it eliminates the necessity to calculate generalized modal forces and
responses. The conditions implicit in this assumption are usually approxi-
mated by the higher order modes of a strueture in a reasonable bandwidth,
say 1/3 octave. One-third octave bands represent a reasonable compromise
between the necessity to get a fairly large number of modes (>10) in the
band for good statistics and the necessity to have some frequency response
resolution in the vibration prediction. The number of modes in a unit
bandwidth can be estimated for simple structural forms (such as beams,
plates, etc.) using algebraic expressions for modal density such as those
given in Section 4 of this report. Estimation of modal density in this way is
a considerable simplification over normal mode methods.

Given SEA elements with the properties described above it is now necessary
to join them to permit power flow between the modes of one element and
the modes of another. This is done with a parameter called the coupling loss
factor 7 and leads to assumptions 4 and 5. Assumption 4 is directly linked
to assumption 2 and the further assumption of a linear process. Assumption
5 follows directly from assumption 3 as part of the simplification associated
with a statistical rather than explicit description of modes.

In this particular application (vehicle acoustics), an energy balance equation is written

for each cavity of a multiple cavity system and a matrix equation is prepared.
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{w} = (c] {p?}, | (130)

where

{W} is a column vector containing the system external input power to each
cavity of the system

{pz} is a column veector of the internal space-averaged, band-averaged pressure
squared for each cavity of the system

[C] is a square matrix holding factors that account for the energy stored and
dissipated within each subvolume of the multiple cavity system.

The band-average internal presshre squared is then found with
2 -1
{p} = [c]7 {wl
The derivation of each matrix will be fully described in this section.

3.1 Fundamental Model for Power Input Into Cavity
from Structural Wall

A vehicle structure will respond to excitation by a random pressure field according to
the frequency domain relation

W(xo, w) = f G(x o \ x'o; ) [pe(x:), w) - Pi(x'o, w) dxg] (131)

where
G(x0 \ x'o, w) is the structure's Green's funetion

pz(x'o, w) is the external exeiting pressure
pl(x'o, w) is the induced interior pressure on the structure
W(xo, ) is the displacement of the strueture
The internal pressure field is related to the vehicle wall motion by(4)
i = - ol 1.
Pli, @) = - po? [ G (x [x5 0 Wiy, ©) ax, (132)
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where Gp(xo\xb; w) is the Green's function for the vehicle's interior.

Tke external pressure field is the sum of the pressure imposed on the surface by

external sources and the pressure resulting from the motion of the structure:

pe(x'o, w) = Pbl(x'o, w) + p‘ w? f Gg(xo|x'°; w) W(xo, w)dxo

where

(6)

(133)

Gg(x o‘ x:); w) is the exterior field Green's function with the source point on the

structure

Pbl(x'o, w) is the transformed pressure

Define

W(xo, w) = Z qr(w) t//r(xo)

r
D m D) Yl
r

&
i

where
lllr(xo) is the in vacuum normal shell modes of the structure

m is the areal mass

Dr(w) is the shell dynamies or modal acceleration term

T (134)

(135)

substituting equations 134 and 135 into equation 133, transferring all terms to the left-

hand side, and changing one of the summation indices for clarity,

r n

X
(o)
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which ean also be written as ; ;

2 r n X N
3 ° i

To determine the qn(w) for each frequency orthogonality may be used by multiplying B
. through by ‘/’r'(xo) and integrating over the surface of the shell E
. S
:“ 2 i i
: _/ [z : m D (@)¢(x,) wr'(xo).\ dx, * p@ Z f PplXo) Lo
: : x,-r = no X, E
1 .8 4
) S
| € ] ‘ :
f Gp(xo\xb, w)lﬁn(xb)dxz) dxo ; ; ;} :
! 5oy B
«q @ =0 (138) L

Because of the orthogonality, where

f ‘/fr(xo) Ylx)dx =0 ifr#r
%o

-y
oo ST ORISR L G B

)
‘ equation 138 becomes the fundamental acoustic equation . ‘
m DM Jax,  + Pe D] ttxy L
%o X L
: € |t " Ydx! = 0
/ Gp(x_o\x o w)dfn(x o)dx Lax qn(w) 0 (139) ;

x'O jj i
Recall equation 131 and substitute equations 134 and 135 into it. ;
- | X
P - ‘ e P H
] E Y(x)qle) = / Glx, |xL; @) plx o ax Pyl
ot r X
: 0 1

- / G(xo‘ x'o; w) [z m Dr t,/lr(xo)] <’flxo (140) o
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This is the fundamental structural equation in terms of normal mode expressions.

Proceeding, the definition of the Green's function of the structure as developed from
LaGrangian equations is

U (x) ¢ (x')
G(xolx:o;m) =Z ro’ “r'o

MY ) (141)
rr
r
where
M, is the modal mass defined as f m (//IZ, (x)dx o
%o
= (2 _ w2y _ 2
Y@ = (-0 -ina
@, is the natural frequency of mode r

is the structural loss factor (energy dissipation term)

W is thie exciting frequency

Substitute equation 141 into 140.

D thixg) apled = f Glx, | x5 @) p(x,, @)dx,
r

XO
| W(x ) ¥ (x")
- / Z tM °Y (‘ )° Z m D, Y (x ) dx_ (142)
xo t tot r

Working with the underlined term of equation 142, combine the summations.
t//t(x) Dr(w)
220 we ] M) b,
N n t°t

%o

47

N

A T RS S T R e

. S

ke o5 T

[ PR




e T s i e T 5 M e B

et 5

LS04 Ytk /LAt

a2 LT

SIS . A0 5 54

b

!m—LBXKEESE‘.WIMWFT“ U

Lo

ORIGINAL PAGE ¢
OF POOR QUALITY,

Again, orthogonality simplifies things, and the term becomes

bi(x ) Dy(w) 9
Z ‘ Mtoy @) f m ¢ (x )dx
t

X
o)

Since f m Lbf(x o)dxo = My, it further reduces to
Xq .
Y (x ) D (w)

Z St ;t(w)t

t

Substitute this term back into equation 142 from whence it came.

Z‘ ‘llr(xo) qr(w) = / G(x |x ;) p (x )dx
T

%o

B E Y. @)
t

(143)

To further simplify equation 143, multiply through by m t/ls(x o) and integrate over the

surface to obtain

Dl‘(w) MI‘

Mr qr(w) . Yr(cu)

= f my(x) [ Gx |xl; @) Po(x , w)ax! dx

X x!
o o

Substitute the equation for the Green's funetion of equation 141 into 144.

Dr(w) M,
qur(“’) + —_Yr(“’)

¥ (x )Y (x' ) ‘ ,
) / m gy (xg) f T po(x,, w)dx! dx,

tt
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D (w) M
r ro_ = v ) pe
M, g (@) + —_Y:(Z:)_ - 2‘, _/ ilxg) P, @)dx
t X
- (v]
1
. 1-VI-t——Y-,-C m (/;r(x:)) l!lt(x:))dx:) (145)
%

Orthogonality makes the right-hand side of equation 145 equal to zero for all tA, hence

Dr(w) M, 1 0
Mr qr(w) + —Y-rza;y— = -Y—r- / p (xo) L/Ir(xo, w)dxo (146)
X
o

This equation expresses the shell dynamics of the vehicle structure.

Define the generalized force on the structure.

Q@) = / pe(xo, w) l/fr(xo)dxo (147)

X
(o)

Substitute 147 into 146 and solve for the unknown Dr(‘d).

Qr(w)
D (@) = M. - Y (@) q,(@) (148)

Equation 148 is simply a form of equation 131 obtained through several pages of

- contortions. This equation is used with a form of equation 132 by substituting equation

148 into equation 139. The result is an equation relating the modal response of a
vehicle's shell to the internal acousties of the vehicle (or cavity).

_ 2 -
Q@ = |pow X/ Uy (x) f G (%, | Xp3 Iy (xp)ax,dx - My ¥, ()] q )
o %

5 | ‘
' Z e f ll'r(xo) f Gp(xo\x'o, w) ‘.//n(x'o)dx‘quo q,(«) (149)
n#& Xo X'o
49

e Y N A e PR TR N e

R il o iR A s W e IR e et 5 ey

et R S S e e

"' EY.
o

ke e

IR e




oY T e T LT N ‘pT
{ P
|

PPN i

|
i
ORIGINAL PAGE (¢ L
OF POOR QUALITV -4
Then, ' i
= :
- = 2 - I
Q) = (p @ Ly =My Yr(w)) 9(@) +§: pu’ len 9 (150) oo
n& g N
where f
‘e “ ‘
s ¥ i
¢ - : . 1 B |
: Iy = j g(x ) / G (x| xLs @) ¢ (x)dx! dx i
»w xo ) )
E, Equation 150 assumes the external pressure distribution is explicitly defined over the P ~
surface. Since the reradiated pressure term of equation 133 is sometimes significant, : :
. the equations can be developed to include those effects for theoretical completeness. *4 ‘
‘ It should be recognized, however, that the reradiated pressure effect can be neglected - ‘
in most cases of interest. s E
. :
: ,
; Substitute equation 133--the definition of the external pressure field in terms of :
‘ blocked pressure and reradiated pressure--into equation 147. ,
- _ 2 € 1 (5! t v = g
Q@ = f P (x, @)+ pw f Gp(xo‘xo, ®) Wix, ©) dx |y (x )dx  ~ (151) R
X X, Pl
] [o] o i
| ‘ :
1 ‘ &
‘ Then
X0 1] ;
£ |
% + pw fﬂl/r(xo) fG (xo\xi), w) W(x, w)dx (152) i
; X it
E Define
: ]
bl :
W) =
Q@ / Ppil¥gr @) ¥ (x )ax (153) L
X o L
0 L
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Recall equation 134 and substitute both into equation 152.

Qr(w) = (w) + pw f lﬁr(xo) f e(x Cu) Z qt(w) t,(/t(x'o)dx'o
t
= Q Yoy + pw f 1} (xo) / G (x w) !/lt(xg)dxg
¢ q)
Define

_/ ‘/’r"‘o) f Go(x | XL5 @) Y (xL)dx!

Substitute equations 155 into equation 154

Q@ = Qlw) + po? Z TR

Substitute 156 intp equation 150.

(pe? 1y - M 1@ g @) + D 00?1 @
n#r

+ pwz Z thoqt(m) = - El(w)
t

Combine the t summation with the r and n.

(P“’Z(Irr * ) - M, Yr(w)) @) + Z pwz(lnr +dppap(@)
n#r

= - Q)

91

oyt s - T e A
e e ol = A W W .

(154)
(155)
(156)
(157)
(158)
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Equation 158 defines the shell dynamies given an external blocked pressure field. It is
essentially the same equation that was used in the low frequency model (equation 41).
The matrix form of equation 158 is

[am] { @} = {-Qhwr}

and has the solution

o = ] {0}
where a_ = [am]"l

Substitute for qr(a)) in equation 134 from equation 159.

W) = - D D e @) v (160)
r n

The one-sided cross-power spectral density of displacement is defined:

lim 2 1 . .
Sw(xo‘xb; w) = T—© T 37 W(Xo, ) W*(X'o, ) (161)

The Fourier transform is obtained over a sample length, T. All terms shown to be an
explicit funetion of w are implicitly a function of the sample length. Random processes
are fully deseribed in the frequency regime as the sample length is allowed to go to
infinity and the random variable approaches a limiting value.

Substituting for W(xo, w) from equation 160,

Sw(x \xz);w)= %linw% ’2_1? Z Z 2 Z %n sm¢(x)¢(x’

o Q@ Pl | (162)
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Recall that

Qo) Q) = f f P @) PR XL, ©) U (x ) Y x )dx! dx,

X, x'
Let
S 1o | X @) = T & 55 P (X, @) PE (X, @) (163)
Then

S (x w)" Z ZZ Z a. Sm([l(x)t/r(x'

f / pbl(xo\xo’ ) ¢'(x )'Jls(xz))dxi)dxo (164)

X, x’
which is the one-sided cross-power spectral density of displacement.

The net power radiated into the cavity can now be calculated. The internal cross-power
spectral density is

Setalxpe) = AT, F (5] lery ) ey o) 165)

Substitute for pl(xo, w) from equation 132.

S, lxe) = A f (52)

£
i {
4
i
A
i
{
i
#
i
|
5|
\
1
\
|
}
|
|
|
|
1
£
1
: )
i
: i
: {
: !
i :
i }
:1 l
i §
i
g, :
&
i
N ;
* '
L
: i
;-
S
A
i

- pwz pr(x ‘x" ) W(x , W) W*(x" w)dxg (166)
X
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Using equation 161, equation 166 becomes

Sp(xo\x;); w) = ipm3pr(xo‘xg;w) Sw(xg|x'o; (4»)de'> (167)
x"
o

Let x'c; —~X, and integrate Sp(x o\x'o; w) over the transmitting area of the structure to
obtain the radiated power spectral density.

- a1 3 . »
wrad(w) = -jPw fpr(xo!xg, w) Sw(x;)xo, m)dx;)dxO (168)
X5 %o

Using equation 164,

. _ i3 , . ¢ ]
Wogd = -100° SIS a e [ fo Iniome o,
r n S m X o x’o

) ) Somitlxgs o) v v emaxian 69)
x" x!"
o o0

which becomes

_ 3.2 Z . 2
Wrad(w) = -ipw” A Spbl(cu) @ @gm Irs(w) Jnm(w) (170)
’ r;Nn,s,m
where
Irs(w) = / / Gp(xo]x;); w) ',/fr(xo) t/ls(x'o)dx'odxo
1
X, X,
J2 T S S . .(x |x"w)¢f(x)(// (x")dx'dx -
nm 2 - “pbl'*“o %0’ n**o’ 'm0 "o
A°S . (w) :
pbl X, Xg

Spbl(w) is the external blocked pressure spectrum and A is the surface area.
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:Jﬁm is termed the joint acceptance. The term was also used in the modal analysis
portion of VIN (see equation 78). The methods used to calculate the joint acceptance in
the low frequency regime still apply. In addition, empirical techniques can be used
successfully as the modal density becomes great and SEA approximations become valid.

Two important assumptions can usually be made to significantly simplify the calculation
of the net power into the cavity. The first is to assume weak coupling and the second is
to neglect cross-acceptance terms. The following excerpt from the PACES analytical

model presentation provides an excellent description and defense of these

assumptions. Making these assumptions, equation 170 becomes

3 .2 ' 2 2
Weag@ = - po” A% S (@) Zr: |, |° 1, @) 35 @) (171)
where
|aee) = -
r 2
(Mr Yr(“’)“ pw (Jrr+lrr))

It is common, in the analysis of acoustic transmission from a structure to a
cavity, to assume that the coupling is weak when the fluid in the cavity is
gaseous. Under this assumption the coupling between structure and cavity
can be calculated using the in vacuo panel resonance frequencies and the
blocked, or rigid wall, resonant response of the cavity. Mathematically, this
means that the power flow between a mode of the structure and a mode of
the cavity can be evaluated without including the interaction of any other
mode. The assumption of weak coupling will be made in the development of
the present analytical model for the payload bay acoustics.

Having made this assumption, some justification should be provided. Unfor-
tunately, this is difficult in general terms, although the results of Lyon and

{
Maidanik‘7)
condition is

provide at least a sufficient condition for weak coupling. The

B, <Aw andB,  «Aw,

where 1/2

cZ

0
B = —— AL
rn VM Yr )’n nr

V is the volume of ihe cavity, M the total mass of the structure of area A,
}'r =1/4 and yn =1/8, 1/4, 1/2 or 1 depending on mode order. Also z_lwr and

Awn are the structural and acoustic mode bandwidths respectively. The
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function Lnr is the coupling factor between the structure and the
cavity... [as defined in section 2, equation 25 ].

Applying this ecriterion to the Shuttle payload bay, it is seen that the
criterion is not satisfied in the lowest frequency bands of interest. How-
ever, there are two additional factors to be considered. Firstly, effects of
strong coupling will be important only when the structural mode is a
volume-displacing mode. Such modes constitute only one-quarter of the
structural modes; weak coupling can be assumed for the other three-
quarters.

Secondly, there is evidence(s) that strong coupling will be destroyed if there
are air leaks in the cavity, and, in practice, the payload bay will not be
airtight. Therefore, it appears that the assumption of weak coupling is
reasonable for the acoustic model of the payload bay. In VIN this model is
only used in the higher modal density regime where the weak coupling
criteria are easily met.

It should be emphasized that the assumption of weak coupling, i.e., no
acoustic coupling of structural modes, in no way excludes so-called well-

coupled acoustic and structural modes, which occur(7’9) when acoustic and
structural modes have "maximum proximate mode coupling". That is, the
resonance frequencies of the structural cavity modes are closely spaced
relative to the modal bandwidths. The condition for well-coupled modes is

(7

variously written as
2 2
‘ @ —wr\ < (Awn + Acur)
)

2 [a)n -wr‘ < (Acun + Awr).

It is appropriate at this stage to include also a brief discussion of the cross-

acceptance, since this also is a strueture-fluid coupling funetion. Wilby(w)

has compared contributions from joint and cross acceptances for lightly
damped rectangular panels exposed to either subsonie turbulent boundary
layer or convected acoustic plane wave excitation. In almost all cases the
cross acceptance contribution to the panel response power spectral density
is negligible. This is true both at frequencies close to resonance frequencies
and at frequencies away from resonances (the latter being the more critical
condition). Thus, within the accuracy of the analytical model, cross

acceptance terms can be neglected (i.e., jfn(cu) ~0,t#n).
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3.2 Adaptation of Power Input Model to
Statistical Energy Analysis Form

The previous section developed a modal analysis equation for the power radiated
through the walls of a cavity from an external pressure field. It must now be modified
into statistical form for use when the vehicle's acoustic modal density becomes large.
As a first step in this modifiction, energy loss from the structure caused by interaction
with the internal cavity air will be neglected (pm2 Irr = 0). Also, the structural energy
loss caused by external acoustic radiation of energy will be combined with the

structural damping loss factor 7. Hence, realizing only the real power is of interest,
the power radiated into the cavity is

2
3 (1 (@) 3@
W) = pw A2 s () (172)
I‘ad l Z er Yr(ﬁ))\z

where I ( Irr(w)) is the imaginary part of 'In,(w).

When the acoustic mode count within a band becomes sufficiently dense(z’ p- 41)

_ pint
Im(Irr(w)> = R, (.w)ﬁpw (173)
and since

Rt = 2 po? 42 Jzint(w) (174)

r T C, r |

2 int
_ A%w
Im (Irr(w)) - ZvrCoJi (@) (178)

Substitute equation 175 into equation 172 along with

( )szt
oat ®
W@ = 77 C, Sop1t?) z: . v @) (176)
r
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int
The internal joint acceptance, J%, (w), the coupling of the motion of the structure with
the internal pressure at the structural/acoustical interface, is equal to the joint
acceptance with a reverberant field in the higher frequency range.

The power flowing through the wall structure into the cavity in the band A with
center frequency o is, therefore,

@

3 4

PA

[ rad(w)d W= 27C
w o

1

2 4
. / o > do (177)

where

pbl(w )s Jz(co ), and J2 (cu ) are all assuméd to vary slowly over the band.

The solution to equation 177 can be broken down into the summation over three types of
structural modes: those modes resonant below the band, those resonant in the band, and
those resonant above the band. Once the structural modal density becomes relatively

high, those modes above the band ean be neglected with little adverse effect on
accuracy. Hence,

_nr res
wrad = “ad T “rad , (178)

W;‘; d is power from modes resonant below the band

Wres

ad is the power from modes resonant in the band
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. : |
‘f &
rev L
who= S (@) e 2£££i. EE: ACLAICN o
rad pbl' ¢ nC o MZ 4
r<band r b
.'}'
L ]
-/' 2y :
. dw (179) |
2 ;
;
rev
Wwes - pat S . (@) en e Jf'(“’c) Jf' (@) !
rad 27 C pbl' e r 2 !
o] M £
r r !
(] :
2 " 4 i
. ‘ |2 dw (180) !
Y (w) )
ml r 2
: !
where S
E o
< >r denotes average values of the enclosed terms over the band of interest IR
P
is the structural modal density in the band of interest ;
Evaluation of the integrals over frequency in equation 179 is carried out analytically in g -
the same way as the identical integral in section 2, equation 82. The integrals over ]

frequency in equation 180 can be estimated by

2,4 P
3 dw = ——3 do
Y (@) ¥ ()|

-o0

mTw

R
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The band-limited external power input to cavity k of a multiple cavity system can be
estimated with the equation

20 ) ()
g 4 . J(w w
- , pA N re “p c
W) = Z Sppil%) * Zmc- * L 2
s r<band r
W
2 wd o+ 5 o) P A4
. Tr@p © 7 Spo1%’ * 2mC,
(4)1 r
rev :
Jz (w )J2 (w ) Tw
e N ° recr c ° ¢ (182)
r MZ A 2n
r .jsurfaces
where

s is adjacent to the volume k
W(Kk) is the system external power into cavity k of a multiple cavity system

The relative significance of the input power from a nonresonant mode decreases rapidly
the further the nonresonant mode is from the band of interest. Figure 1 clearly
demonstrates this fact. If two or more modes occur within the band of interest, the
modes oceurring outside the band will provide relatively little to the overall sum. At
most, the modes in the two previous bands will be of importance if the number of
structural modes in the band of interest are sufficient for SEA approximations. Hence,
the power input from modes not resonant in the band can be estimated by

band 4
nr_ PA
Wead = Z Z7C, ° Sop1(@e) * 1,
b=(band-2)
w
9 Zrev 2
J(w)d. (@) 4 ,
.<bc bz °>-f_.£’__dm (183)
Mb b wl |Yb((u)|2
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, interest of a mode at the center frequency of the
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where «
b is index designating the band containing the "nonresonant" modes A o
: !
w, is the center frequeney of the band of interest, r cL
ng is the modal density in the band b below the band of interest 3 ‘Q
3 1 “ i
: le(w)|2 is the typical response characteristic of a mode in band b.
i
| < > is the average value of the bracketed terms in the band b }
. b
: The final equation for the system external power input into volume K of a multiple : t o
cavity (and multiple surface) system becomes (substitute equation 183 into 182) i
' : b
r | . band
.- - PA S \ T
; WK = 2 : Sop1@e) * (2 c, PAVEE L
3 b=(band-2) S
Iplwd) Iy, _ (wc) | o i
. ) i — dw -
P « g o
! My S AC] | R r
; 1 iy
- g !
\ rev BN
: 2 iy M B
+ PA4 en_ o Jr(“)c) Ji (“)c) . e (184) i 3
: 2n C r 2 2n c3 oy
! o Mr r e
: surface s 2
_ | Often, semiempirical methods are used to estimate the joint acceptance for various :
:/—’ 1 external pressure field/surface element-type combinations. When this is done, estima- "F
; o tions for Jg(wc) are seldom available. lea((”c)’ then, must be approximated by Jg(cub), L N
l/ where Wy, is the center frequency of band b. If the exterior pressure field magnitude is -
_, expressed in terms of band-limited mean-square pressure, the Spbl(‘“c) is replaced in k |

equation 184 by the band level divided by the bandwidth.
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3.3 Power Dissipation from the Cavity

The previous two sections developed equations for the calculation of the system
external power transfer through the structural walls into the cavity (the input power
matrix {W}). This section will develop the SEA expressions for the power transferred
from or dissipated in the cavity. Power can be dissipated from a cavity through (1) the
structural walls adjacent to the cavity; (2) openings to adjacent cavities--this may be a
positive or negative; that is, power can also flow into the cavity through openings--(3)
absorption of power by the cavity wall surfaces. Expressions for each of these modes of
power "dissipation" will be developed for use in the power balance equation and will

form the coefficient matrix, [C].

Expanding on the introduction, define

D Ck 0+ Ca i+ D Gyl K
i £
>yt
£

C(k, k)

(185)

C(k, i)

where

Cj(k, k) Coefficient for power transferred out of cavity k through wall j

of the cavity

Cqa (k, k) Coefficient for power absorbed in cavity k by the surfaces of the

cavity

2
—~
&
~
S~

[}

Coefficient for power transmitted from cavity k to an adjacent
Z cavity through opening /

Cy(k, i) Coefficient for power transmitted from cavity i to cavity k
2. ¢
through opening £

63

e R I

ey TR g

PR L m o S . o "'"‘"',"""'“""‘“"""9'."
[

5
1

4

e

o arf e e e




NI T T T
¥ “ “ -

b
-
:

e

f

¥

¥
&
3
!
!

T T Wrtatins W § S S0

M.a

CRIGINAL PAGE (€
OF POOR QUALITY

3.3.1 Power Transferred from the Cavity Through the Structural Walls

Outward transmission of power through a structural wall is simply the reverse of the
input power process.

rev
2 Jf' (wc)
Wout = A n, < T >r (186)

r

assuming the internal joint acceptance approaches the joint acceptance for reverberant
excitation and the power transferred out of the volume due to nonresonant modes is
negligible in the SEA regime.

The total power transferred out through the structural walls j of cavity k is a linear
summmation over all walls adjacent to the cavity.

2w
_ 2 r wc
zj: Ci k) = Z nafn < - >r (187)

r
] surface j

3.3.2 Power Transferred Through the Openings of the Cavity

A very rough estimate of the power transmitted through the openings in a cavity to or
from other cavities of the multiple cavity system can be obtained using Green's

function concepts and requiring the pressure at the opening between cavities to be
equal. The conductance of an opening is defined as

\-1
I = PC_ ARe [ (Pn(xo) Vn(xo))dxo (188)

a4

<

o
where

V‘n(x o) is the particle velocity at A due to mode n of volume 1

Pn(x o) is the particle pressure at A due to mode n of volume 1
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Pressure is caleulated from the Green's function by(4’ - 375) i

= i 1

plxy) = iwp S G, (x | X))V, (x!)dx!
X
o
- - - P '
lwp xf Gz(xo\ x;) Vn(xz))dxo (189)
o

where
G1 and G2 are the Green's functions of the cavities connected by the opening

V(xb) is an imposed velocity at the opening

Let G'l(x o‘x'o) be Gl(xol x’o) with the n-th term deleted. Then from equation 141,

W (x) U ()
Gylxo|xg) = E M_Y_ (@

Hence,

iwp f Gl(xolxg) Vm(xo)dxo = Pn(x'°)+ik pCo f G‘l(xo|x;)) Vn(xo)dxo
J ,
o

X
o

Solving for Pn(x'c-’)

Pn(xz)) = -iwp ‘x/ ,G'l(x°|x:)) Gl(xo|x'o) Vn(xo)dxo (190)
o

Substitute equation 190 into 188.

I = pCoA Reg-iwp f f ((G'l(x'o\xo)+G2(x’o\xo))
X %o

-1 |
o (V) V) ax dx’o> ; (191)
65

- a)

£
T |
EO
w
o
il
f
i
1,
L]
4
J
]
i
!
§
3
¥
!
j
i
|
“
; ]
P
L
5 =
P
i
il
SR
P
b4 ]
3 v
B 1
¥ ¥
i
;
¥



ke e
A .

’Q wxg,s; 4 JKwif‘n P ‘\it!,’flgf"yrf*'rv' FT YR

[

i
i

FORER O RTINS S LR R TR T A TR

ORIGINAL PAGE IS
OF POOR QUALITY
Assuming Vn(x 0) = Vn(x'o) = constant and that the subvolumes have sufficiently large

wall losses, Morse and Ingard(4) state
-iwp if ;{[ (G’l(x'o\xo) + GZ(XB\X o)dxo>dx'0 > 2Z c (192)
o "o

where Z o is the impedance of a baffled plane piston of area A radiating into two half
spaces and is

Zc = - iX)ApCo (193)

This yields

6

I = pCoA Re [(ZZC)-I] = 5 (194)
200° + X°)
where
f is the normalized reactance of the opening
and X is the normalized resistance of the opening
The power transferred through the opening can be calculated by
A v 2
W, = o f ——Z——— + plx )dx (195)
e 2pCo (92 + XZ) o "o

(o]

where p(x o) is the pressure at the opening and A is the area of the opening.

In the high frequency, high modal density regime, SEA approximations along with the
above developments to yield

A 6
Wt me o T (G - Gb) a9
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Where <pi> and <p§> are the space-averaged band-averaged pressure in cavities 1
and 2 respectively and T =~ 1/2 given the case of many oblique modes. Hence, for the
high frequency regime where there are many oblique modes,

C o) = ok ( - ) (197)
{ PC, \ (62 +x )
A 6
and , £ L
C (k, 1) = = ( 9 2 )
£ 4pC (61 +Xl)
{ - is opening number

Al - area of opening /

normalized resistance of opening /

%
2
Xy

normalized reactance of opening £

Estimates for the conductance are only available for simple opening geometries. When
the acoustic wavelength is short compared to the opening size, the conductance is
somewhat shape independent and primarily a function of total area. The openings
should offer very little resistance to the flow of acoustic power between subvolumes.
The important aspect of the conductance estimate is that the relative resistances of

the several cavity openings are roughly estimated. This defines the distribution of
acoustic power between the subvolumes.

3.3.3 Power Absorbed by the Walls of the Cavity

The power absorbed by the walls of the cavity is an extremely important part of the
SEA calculations. The inaccuracies associated with the calculation of this term can far
outweigh the effects of all other SEA approximations combined. The power absorbed by
the walls of the cavity is

| 2
W = Z_P_C_O—EI:Al <PQ>A 6 (198)
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where
Al is the area of surface
€ is the conductance of surface
<Pl?> is twice the band-limited mean square pressure averaged over the
surface
Assume
2 2
P ~ P 4
< L > A < K volume

where <Pﬁ> is the space-averaged, band-limited pressure over volume K.

Then
. 2 2 |
Waps = PC, Z A[ <Pk> eg (199)
where all surfaces, /, are adjacent to volume K.

In the high frequency regime where the modal density is great,

e[ ™~ al/8

Substituting

W, = 71'512:‘; Zz: a,a, PR (200)

Hence,

Cq (k, k) = 4"1(3025: a, Ay (201)

where a is the band-limited random absorption coefficient of wall £ and wall / bounds
cavity k.
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Section 4

COMPUTER PROGRAM

The computer program VIN implements the modal and statistical energy analysis
methods presented in sections 2 and 3 in user-oriented, general purpose form. The two
analysis methods are functionally separate techniques. The modal analysis portion of
the program can provide both discrete frequency and band average estimates of a
vehicle's interior pressure given the external excitation of the vehicle structure. While
the technique is theoretically valid over any frequency range, the number of structural
and acoustic modes required to obtain aceeptable accuracy can become computationally
prohibitive as modal densities increase with frequency. Band-averaged, space-averaged
estimates of the vehicle interior pressure can be obtained with statistical energy
analysis when the modal density becomes sufficient to justify the technique's assump-
tions. The program is structured to allow an easy transition between the methods
during a single computer run with the geometry definition methodology as the "ecommon
connecting ground."

The vehicle structure can be represented by any number of "elements" with known user-
supplied, in vacuo response characteristics. The user may describe each element's
response characteristies in the coordinate system and orientation best suited for that
particular structure. The acoustic modal response characteristics of the vehicle's
interior space can be calculated by the program from user-supplied hardwall acoustic
response characteristies of smaller, simpler cavity shapes that approximate the
vehiele's interior space. The method utilized, acoustic ecomponent mode synthesis, is
déscribed in mathematical detail in section 2. When the acoustic modal density is
sufficient to justify the SEA assumptions, detailed acoustic response characteristics are
no longer required and reverberant acoustics are assumed. The user must also define
the external acoustic field on the vehicle and make various program option selections.

In section 4, the organization and structure of VIN is documented. The nuts and bolts of
the program's use is deseribed in section 6, "Computer User's Manual."
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4.1 General Qverview

The key rovtines of the program VIN are outlined below. The routines are first called

g,
during execttion of the program in the order in which they appear in the outline. The ' g f
program is segmented so that only those routines needed for each particular stage of , ,’7'
the problem solution are held in core memory. The core data storage requirements are ’ ; : Yy
; a function of the specific problem size and the options selected by the user. The program ‘ ‘
3 code is in ASCII Fortran (LEVEL 10R1). A random access mass storage device and line ' “
printer are the only required periferials. ,
| PART 1. Program Initiation and Control : :
g 1. MAIN i
: 2. DATALD ;Eig
T
PART II. Modal Analysis Ny i
; 1. FRQCAL Y
% 2. BNDCAL “E 0T
] 3. MULPRM zJ§;
E 4. MULCV - b
z 5. PRMCAL | o
§ a. GERMAS | b
: b. LNMCAL i
: ZANCAL o
§ d. RJACAL SRE
: e. MODES - R
e 6. MDLPRM §
. 7. CALC g
T 8. DFCALC :
— 9. REVERB |
PART IIl. Statistical Energy Analysis e
L 1. HFREQ s
3 a. CBJAL o
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b. CJA
c. WMAT
d. CMAT
2. SEAPRM
3. SEARES

PART 1. Program Initialization and Control
1. MAIN

MAIN sets up the required mass storage files and dynamically allocates array

storage based on the current problem size given by the input data. The routine also

controls the flow of the program calculations. It resides in core memory throughout the
execution of the program.

Since the program dynamically allocates the array storage based on input data,
core storage is always efficiently used regardless of the problem size.

Dimension
statements do not limit the problem size or complexity in any way.

2. DATALD

DATALD reads all the required input data from a specified data file, data cards,

or mass storage files. The input is fully mirrored to a user-selected output device.

Some diagnosties are provided to flag gross input errors. The coordinate transfrmation

matrices, which fix the location of the structural and acoustic elements in global space,

are calculated. Any new finite element data to be used to defined an element's

response characteristies is loaded and converted into two-dimensional fourier series
form in DATALD.

The input data establishes which program caleulation and/or data manipulation
options are desired. The input also defines the structural and acoustic geometry and
response characteristics along with the external pressure field excitation.
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PART II. Modal Analysis
1. FRQCAL

FRQCAL is a group of routines that calculate the natural frequencies of the
volume, opening, and surface elements that are included in the program's library of
modal elements.

2. BNDCAL

BNDCAL calculates the modal summasation bandwidths, BANDWN and BANDWM,
as described in section 2.2.5. These bandwidths are used to limit program calculations
at each band of interest to only those structural and acoustic modes of significant
importance to the overall results in that band.

3. MULPRM

MULPRM calculates the pararieters required for the acoustic component mode
synthesis that is carried out in MULCV.

4. MULCV

MULCV calculates the modal response characteristics of acoustic spaces of
complex shape from the known response characteristics of simplier shapes combined to
approximate the complex shape. The acoustic component mode synthesis performed in
MULVC is fully described in section 2.2.1.

5. PRMCAL

PRMCAL is actually a group of routines that either calculate or direct the
calculation of the parameters needed for modal analysis of a complex cavity shape with
multiple struetural walls. These routines are

a. GENMAS. GENMAS calculates the generalized acoustic mass of a cavity

whose modes were obtained through component mode synthesis.
b.  LNMCAL. LNMCAL caleulates the structural/acoustic coupling coeffi-

cients, LNM for those structural and acoustic modal combinations that are
important to the problem solution.
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¢. ZANCAL. ZANCAL calculates the cavity acoustic damping from the cavity
modal response and each wall's normal absorption coefficient.

d. RJACAL. RJACAL calculates the joint acceptance of a given external
excitation field with the modes of the structure for each frequeney band in which
the structural mode has a significant response.

e. MODES. Modes is a group of routines, accessed by PRMCAL, that provides
acoustic, opening, and structural mode shape information. The information is
organized in the form of a program library of modal elements. This program code
held library provides both geometric and modal response deseriptions. MODES
also contains routines for the numeric and/or ansalytical surface integrations
required to calculate the modal analysis parameters.

6. MDLPRM

MDLPRM outputs to paper the program calculated parameters used in the modal
analysis portion of the program.

7. CALC

CALC calculates the interior pressure of the cavity in two forms: space-
averaged, band-averaged pressure squared (SABAP) over each subvolume of the cavity
and the SABAP over the entire multiple cavity system. The external excitation can be
random or deterministic but must be described in the frequency domain.

8. DFCALC

DFCALC calculates the interior space-averaged pressure at discrete frequencies.
The external excitation can be random or deterministic but must be deseribed in the
frequency domain.
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9. REVERB 1

REVERB estimates the reverberation time of complex shaped cavities with v

» arbitrary surface absorption characteristics. The fundamental parameters used in the a‘
9 estimation are calculated in PRMCAL. S

PART IIl. Statistical Energy Analysis
1. HFREQ 8

HFREQ calculates the space-averaged, band-averaged pressure squared over each R
» : subvolume of an arbitrarily shaped cavity. The external excitation must be random. A ;

T

brief deseription of the technique and the assumptions implicit in its use are given in &
. section 6.3. A collection of routines is needed to assemble the SEA band-averaged i o
power balance equations. The equations are solved for each band of interest.

a. CBJAL. CBJAL calculates the band-averaged joint acceptance for the

Lo

N

modes resonant below the band of interest for each surface exposed to external

R AT TR A T .
. o i -az

i excitation.. S
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b. CJA. CJA calculates the band-averaged joint acceptance of the modes o

ERT AT el

resonant in the band of interest for each surface exposed to the external s

oxi
Py

=
e
v e

exeitation.

FFTUTT TR

i
Np s e

c. WMAT. WMAT prepares the input power matrix for the power balance ;
equations. ‘

Ll 2

d. CMAT. CMAT is a group of routines that prepares the matrix representing »
the power dissipation mechanisms of the SEA system. This includes power o
transferred between subvolumes of the cavity, power absorbed by the ecavity .
walls, and power transferred out of the system through the walls of the cavity. ; 4

B Tl * A N it

1
S
.

SEAPRM

Syt sk e Saee i - it St et et e i e 3 i S -

SEAPRM outputs to paper the program calculated parameters used in the SEA

portion of the program.

3. SEARES

SEARES outputs the results of the SEA portion of the program calculations.
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4.2 Flowchart

The program MAIN, which directs the flow of VIN's computations, is charted in this
section. In section 6, detailed information is provided about the routines that the user
may desire to access and update (structural and acoustic geometry definitions, response
definitions, and surface integrations). The remainder of the routines should be
considered black boxes--not to be tampered with. Nevertheless, the program code is
commented throughout for basic documentation purposes.
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MAIN

l

Establish labeled common areas

Establish mass storage file reference numbers
Call DATALD: Reads input cards A - E
Define the mass storage file sizes based on the input data

Load previously calculated parameters from data tape
into mass storage files

Dynamically allocate array storage space if input data

V

Call DATAL:
o Reads input cards E- 2
o Calculates global/component coordinate system
transformation relationships
o Caleculates fourier series coefficients for any new modal
information supplied in data form

If the lowest band of interest, LBAND,
is equal to the band at which the SEA
assumptions become valid, MBAND
(LBAND = MBAND)

+° N
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Call FRQCAL: Calculates the natural frequencies of the
acoustic, opening and structural elements
of the problem

If the modal analysis acoustics for the problem
have been precalculated or the problem
has only one subvolume
(IPRE(1)=lornv=1)

Dynamically allocate array storage
space for the acoustic component
mode synthesis calculations.

Call MULPRM: Calculates the
coupling factors, L___, between
the modes of the a&%stlc subcavi-
ties and the openings.

Call MULCV: Performs the compo-
nent mode synthesis calculations.

Free array storage space allocated
for acoustic component mode
synthesis calculations.
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Dynamically allocate array storage space
for modal analysis parameters

/

Call BNDCAL: Calculates the bandwidths BANDWN and
BANDWM, which define the limits of acoustic and
structural mode importance in the frequency domain

'

If the acoustic mode shapes for the volume have been
precalculated for this problem (held in data files)
or if the volume consists of a single subvolume
(IPRE(2)=1lornv=1)

Dynamically allocate space for
' remaining component mode synthe-
sis calculations.

Call VPNMC: Calculates influence
coefficients for complex cavity.

Free storage space allocated for
~all component mode synthesis
calculations.

Call PRMCAL: Calculates ti!e parameters required for the
modal analysis problem at hand considering the data
already available in mass storage

Call MDLPRM: Outputs to paper the program calculated param-
eters used in the modal analysis portion of the program
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If selected option is 1 or 3: Band average calculations
(IOP =1 or IOP = 3)

No

\

Call CALC: Band-averaged modal
analysis calculations

I

If selected option is 2 or 4: Discrete frequency caleulations
(IOP =2 or IOP = 4)

No

Call DFCALC: Discrete frequency
modal analysis calculations.

L]

If selected option is 5: Multiple cavity analysis only

No

¥,

Ss

- Call MDLPRM: Outputs calculate
- parameters to paper.

S
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If selected option is 6: Reverberation celculations
(IOP Eq. 6)

Call REVERB: reverberation time
calculations. 1

End

Y

If the band at which SEA assumptions become valid, MBAND, is equal
to the highest band of interest, IHBAND, or the option selection
was not 1 (MBAND = IHBAND or IOP #1)

Free all modal analysis array space
and dynamically allocate the array
space needed for the SEA calculations.

Call HFREQ: Calculates the band-
averaged, space-averaged interior
pressure over each subvolume

of the multiple subvolume system.

pdt

Call SEAPRM: Outputs the important SEA parameters
calculated by the program to printer

CALL SEARES: Outputs the final overall results of the
program's SEA noise calculations

]

Store all mass storage file parameters on data tape
if requested by user (NTAPE. NE. 0)

END
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Section 5

COMPUTER PROGRAM VERIFICATICN

The modal and SEA analytical models, as implemented in the ecomputer program VIN,
were verified by the following series of test cases:

1. Acoustie component mode synthesis

2. Modal analysis parameter calculations
3. Modal analysis noise predictions
4

. Statistical energy analysis noise predictions

The results of each step are discussed in turn. The application of the program to the
very complex Space Shuttle payload bay problem is given in section 7 with comparisons
to both on ground experiment and flight data. As will be further discussed later, the
complexity of the Space Shuttle structure and flight environments make it a poor test

case for the evaluation of basie analytical and computer methodology. The input data
for each test case is given in appendix E.

5.1 Verification of Acoustic Component Mode Synthesis

The modes and mode shapes of a rectangular cavity with a partial partition were
calculated to exercise the component mode synthesis capability of the program. The
results were compared with experiment as recorded in the literature.(ll) The cavity is

illustrated in figure 2. The error in acoustic modal frequency over the first dozen

e 9,20 e

4.4‘] r
{ 4 2'.2 '
le—2.645 o

FIGURE 2. Acoustic Component Mode Synthesis Two-Cavity Test Case
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modes is given in table 1 as a function of various modal retention parameters. Analysis
of mode shape accuracy is germane in this model only in the context of surface

integrations. Component mode synthesis determined mode shapes are discussed in this
regard in the next section.

To exercise the program's ability to handle more than two subvolumes, the cavity was
divided into three subcavities, as illustrated in figure 3. The results, given in table 2,
complete the verification of the calculation methodology and computer implementation
of the acoustic component mode synthesis.

)~~~

|

FIGURE 3. Acoustic Component Mode Synthesis
Three-Cavity Test Case

5.2 Verification of Modal Analysis Parameter Calculations

Each modal analysis computational option uses the same baisc parameters to describe
the system. These parameters are calculated in the routines GENMAS, LNMCAL,
ZANCAL, RJACAL, QMWBCL, (see section 4.1 under PRMCAL). The calculation of
GENDMAS (the generalized acoustic mass of the multiple cavity system), LNMCAL (the
structural/acoustical coupling coefficient), and ZANCAL (the acoustic damping of the
cavity) each involve, among other factors, a surface integration and the results of the
acoustic component mode synthesis. Given a correct integration technique, the
accuracy of each is a function of the component mode synthesis approximation of the
acoustie multiple cavity mode shape:

\'% A%
Pnt(“)n) Fnl (Xo)

v

Fn(xo) =

a
n' Mn‘
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TABLE 1. COMPONENT MODE SYNTHESIS: TWO CAVITY RESULTS

. Co
i Finite o
. Element L

Analysis Measured .
VIN-A VIN-B (4 elements) Frequency f
v Mode (Hz) (Hz) (Hz) (Hz) |
i 1, 0, 0 668 672 635 570 ' /
. |
0,1, 0 1330 1330 1377 1330
. n_
1, 1, 0 1443 1442 ' 1365 1448
2,0, 0 1494 1474 , 1625 1470 :
0, 0, 1 1522 1536 ‘ 1550 1534 2 !
1, 0, 1 1571 1551 ; 1615 1555 ‘
3, 0, 0 1909 1869 2080 1840
2,1, 0 1970 1963 2100 1980 .
0, 1, 1 2018 2089 1942 2036 ’;
2, 0, 1 2059 2293 2242 2120 ¥

2,1, 1 2095 2436 2910 2500 ]

Average : ‘

; Error (%) 1.96 2.4 4.5 o

i & *VIN caleculation with 5 opening modes retained. ; 5

5 **VIN calculation with 10 opening modes retained. b

3 ¢

i P

i]
|
| z

|
|
|
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TABLE 2. COMPONENT MODE SYNTHESIS: THREE-CAVITY RESULTS

LEE e

Finite
Element ’
Analysis Measured

VIN-A - VIN-B (5 elements) Frequency
Mode (Hz) _ (Hz) ___(Hz) (Hz)

587 569 : 591 570

1, 0, 0 ‘

0, 1, 0 1296 1296 1346 1330 i

1, 1, 0 1453 1452 40 1448 |

2, 0, 0 1474 1474 1630 1470 g

0, 0, 1 1518 1570 1550 1534 )

1, 0, 1 1572 1646 1597 § 1555 o

3, 0, 0 11862 1884 2043 1840 B

2, 1, 0 1929 1926 2116 1980 ST

0, 1, 1 1987 1985 2041 2036 o

2, 0, 1 2017 2018 2255 2120 .

Average i )

Error (%) 1.96 2.4 4.5 - f

*VIN calculation with 5 opening modes retained. . . 3

* *VIN calculation with 10 opening modes retained. ~ ; v J
b
S
L i
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where FX,(x o) is the hard wall acoustic mode shape of the subcavity, v.

is the generalized mass of the subeavity v for the mode n'.

PY(w) is the multiple factor of constraint that relates subcavity mode
shapes to the multiple cavity mode shape at the natural frequency,
ORG
The accuracy of the component mode synthesis for a given problem is solely a function
of the number of opening and acoustic modes retained in the analysis. The higher the
natural frequency of the multiple cavity, the more modes; of both opening and
subvolume, are required. A banding technique is used to reduce the modal retention
requirements. The acoustic modes nearest the natural frequency being calculated are
retained. The opening modes that couple well with the subvolume acoustic modes being
used are also selected. Since other factors, such as the complexity of the multiple
cavity system, the number of openings, the shape of the openings, also have an impact
on the number of modes required for a given accuracy, important problems should be
repeated with increasing modal retention (opening and acoustic modes) until the
solution is shown to converge.

The mode shape accuracy is integrally connected with and directly related to the
accuracy of the natural frequency calculations as presented in the previous sections.
P:’1 is derived directly from the matrix that determines the natural frequency.

RJACAL requires integrations of the structural mode shape and the external pressure
field over a surface. The program uses both analytic expressions and Gaussian
quadrature for the integrations. The two types of calculations were checked against
each other. The integration precision is easily within the accuracy of the analytic
descriptions of the external pressure fields and of the structure's mode shapes.

5.3 Verification of Modal Analysis Noise Predictions

The previous section demonstrated that the acoustics of a cavity of complex shape can
be estimated with component mode synthesis. This section shows that the modal
analysis equations and methodology as implemented in VIN provides adequate noise
predictions given correet structural and acoustic response data. In this regard, simple
test cases with little lattitude for input data inaccuracies provide the clearest
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verification. Since the accuracy of the component mode synthesis calculations were

tested, as reported in section 5.2, the remainder of the modal analysis calculations can
be verified with a single cavity test case.

5.3.1 Modal Analysis With Random Excitation

An experiment with fairly well-defined structural and acoustic characteristics was
selected from the literature.(lz) The test configuration is shown in figure 4. The one-
third octave band results are compared with the predicted levels in figure 5. The

program's discrete frequency calculation results are given in figure 6.

5.3.2 Modal Analysis With Deterministic Excitation

The only difference between the random and deterministic options is in the calculation
of the generalized force over the transmission surfaces of the enclosure. All other
portions of the caleulations are shared. Since the accuracy of the generalized force
calculations was tested in section 5.2, the test cases for random excitation also verify
the modal analysis options with deterministic excitation (see section 5.3.1).

5.4 Verification of SEA Noise Predictions

Because of its very nature, statistical energy analysis can only be used given some form
of random excitation. As previously presented in detail, the SEA model implemented in
VIN is a modified form of the PACES model(4) and provides space-averaged noise
estimates for each of several interconnected cavities.

All but one aspect of the SEA power balance equations can be tested with a simple
single-cavity test case. The excluded aspect is the power flow that occurs through the
openings between cavities in multiple cavity cases.

A simple single-cavity experiment was chosen from the literature to exercise the bulk
Qf the SEA computations. In this experiment(13) a common 55-gallon oil drum was hung

in a reverberation room. One-third-octave band noise reduction was measured over the

‘range of 125 to 12,500 Hz. A comparison of SEA calculations to experimental results is

shown in figure 7. The results are well within the usual aceuracy of SEA estimates.
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Figure 4. Modal Analysis Test Case Configuration
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While the multiple cavity capability may seem much more complex than the single
cavity case, only one addition factor is added: the power flow through openings
between cavities. Estimates of each opening's resistance to power flow are made in a
very rough manner. Regardless of the opening's actual geometry, the conductance is
estimated to be that of a baffled plane piston with the area of the opening. The
estimate is "order of magnitude" at best. The larger the characteristic opening
dimension to acoustic wavelength ratio (in the frequency band of interest), the better
the estimate. If the openings are small enough to provide significant resistance to the
flow of acoustic power, the validity of the multiple cavity interior noise estimates must
be considered extremely suspect. The user can evaluate the significance of the
resistance by doubling the area of the openings and recalculating the band-averaged
pressure in each cavity. Large changes in the results will indicate significant resistance

to power flow by the openings.

The intercavity conductance estimates must control only the pressure differential
between the subvolumes, not the overall multiple cavity average level. Cavity
absoprtion, the location and characteristics of transmission surfaces, and the external
pressure field descriptions are factors that must dominate the overall muiltiple cavity
results as they do the single cavity results. Unfortunately, an adequate multiple cavity
test case could not be found in the literature for use in the evaluation of the intercavity
pressure differential estimation capabilities of the model. The few experiments with
multiple cavity measurements involved too many unknown variables for conelusive
model verification. Given the frequency range of interest and the "opening signifi-
cance" restriction above, however, the assumption that the relative opening areas
between the subvolumes control the differential pressure can be considered strong in

relation to other model assumptions.
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Section 6

VIN USER'S MANUAL

This program will aid in the analysis of Vehiele Interior Noise (VIN) problems. Both

modal and statistical energy analysis techniques are available to the user in a very

generalized form. An overview of the steps required to use the program is given below.

Each item will be fully deseribed in turn.

1.

10'
11.

12.

VIN USER'S PROCEDURE
Review modal analysis method used in VIN.
Review statistical energy analysis method used in VIN
Graphically define geometry of the problem
Partition the volume into subvolumes and define openings
Idealize the structure for modeling
Number surface and volume elements and assign nodes
Update program library of elements
Estimate the structural damping and acoustic absorption

Define the external excitation on each surface and update program library
of correlation fields

Prepare input data file
Prepare executive commands

Run program

6.1 Review Modal Analysis Method Used in VIN

The vehicle interior noise problem can be modeled by a set of coupled differential

equations, one describing the structural response of the vehicle walls to excitation and

the other representing the vehicle interior acoustics.(z) The structure is modeled by

standard linear Lagrangian relationships with differential pressure across the structural

PRECEDING PAGE BLANK NOT FILMED
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) walls as the driving force (point force input is also allowed). The acoustic model is

’; based on Green's theorem in conjunction with small perturbation acousticsal relation-
ships. Using normal mode mathematical techniques, the set of equations are

Acoustics
8%P_(t) ApC? C._ &P (1)
| n . P70 Z e T
atz v r M:‘ ot
a2 ( A 3 o (®
: + o (P@) = = L
n n \Y = nm atz
‘ Structure
5 8% q (1) aq._ (t)
M [—B_ 4 £ m
t m 6t2 M t
; + ol w]) = XN Z fﬁfﬂ_ﬂ + QS
: m Im'" p - Mé m
n

These equations can be solved in the time domain or fourier transformed and solved in

the frequency domain for P n(t) or Pn(w) respectively,
where
= Surface area of vehicle structure

A
C = Structural viscous damping factor
¢ = Speed of sound in air

_ ) 2
C. = fA fr/z, Flx )aa
Fn(xo) = Acoustic hard wall mode shape

Lo = fA J' {/,m(x0 F n(_xo)dA - structural/acoustic modal coupling factor
M? = Generalized acoustic mass of vehicle interior
Mm = Generalized mass of vehicle structure

p(x o’ t) = External blocked pressure
P n(t) = n'™ mode generalized pressure inside vehicle cavity at time, t
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qm(t) = mth mode generalized displacement of vehicle structure
QS (t) = j pe(x , t) ¢_(x )dA - generalized external force on structure
m A o m*o
V = Volume of vehicle cavity
Z a = Normal acoustic absorption coefficient for surface
P = Density of air
Y (x ) = Structural in vacuo mode shape
W, Struectural in vacuo natural frequency

With Pn(w), the vehicle interior noise level can be calculated in any of the following
forms:

Discrete frequency pressure squared at a point of specific interest

2 4 E Z Fn(xo) Fn'(xo)

2
Pk, @ = P ‘
2 mon M;l Mﬁ,

P (@) P* (@)

Bard-iimited pressure squared at a point of specific interest:

2 ZO3D> F (&) Folx) 2
<P (XO, O))>w = 2_22 / Pn(a)) P;'(a))da)

n n M2 Ma,
nn @

Band-limited, space-averaged pressure squared:

)
2
2 - 2 4 1
Gl = PRy L / P () P*@)dw
w, xo 2 n Mn o,

Random external pressure fields are handled by taking the expected value of the above
équations. Because of difficulties in obtaining the expected value of P n(m) P’I';,(m), VIN
will calculate only the band-averaged, space-averaged pressure when given a random
external excitation.
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Careful examination of these fundamental equations will show that the user must supply

four types of information:
1.  Vehicle geometry
2. Structural in vacuo response characteristics
3. Acoustic hard wall response characteristies and surface absorption

4, External excitation on vehicle structure

Often the geometry of the vehicle is so complex that the internal acoustic response
characteristies are not known. VIN has a powerful acoustic component mode synthesis
capability that calculates the acoustic response characteristics of a complex cavity
shape from the known modal response of several simple shapes arranged to approximate
that complex shape.

Calculation techniques based on two-dimensional fourier transforms were implemented
in VIN to allow the use of finite element or experimental modal response data for the
structure. Two simplifying assumptions, which significantly reduce the computation
effort involved in this modal analysis technique, can usually be made without significant
loss of accuracy. First, assume the acoustic natural frequencies are not significantly
altered by the wall impedance (Cnr= 0 when n# r). Second, assume the internal
acousties do not significantly alter the structural natural frequencies,

Z Pn(t) an = 0
8
n Mn

in the structural equation. VIN implements both of these assumptions to achieve

significant reductions in computation time. An approximate technique is used to
account for the retransmission of sound (loss of energy from inside to outside).

6.2 Review Statistical Energy Analysis Method Used in VIN

Statistical Energy Analysis (SEA) is a method of approaching vibrational problems using
energy as the independent variable along with the time-honored assertion

Energy In = Energy Out
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From this rather firm foundation, a series of assumptions, which form the essence of
the approach, are made. These assumptions can be fairly rigorously stated as

(5)

follows:

1. The total vibrating system can be partitioned into SEA elements (with
suitable boundary conditions) whose modes approximate the modes of the
original vibrating system.

2. The energy in one frequency band of a system element is equally distributed
among the modes of that element occurring in the frequency band.

3.  The modes of the elements of a system contain all the vibratory energy of
the system.

4. Only modes occurring within the same frequency band are coupled.

3. For two coupled elements, all the modes occurring in one of the elements in
one frequency band are equally coupled to each mode oceurring in the same
frequency band in the other element.

Modal analysis, as described in section 6.1, is used in VIN to calculate the interior
pressure in the lower frequency bands of interest. When there are sufficient acoustic
modes oceurring in a frequency band to make the SEA assumptions valid, VIN (or the
user) can switch to the statistical energy method of calculating the response. The
particular SEA formulation implemented in VIN is a modification of that found in
reference 3. It allows the user to describe a system consisting of several interconnect-
ing cavities, each with structural walls that can be exposed to external excitation.
Power is allowed to flow through the structural walls to and from the external
environment and through the openings connecting the cavities. Power is dissipated
through structural damping and acoustic absorption. The power balance equation:
Power In = Power Out

fwi = [c]{p?}

{w} is the input power matrix

wk) = Z W(k, j), where j is a surface adjacent to volume k
i

[C] is the square ‘coefficient matrix representing the output power from
each subcavity
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and Clk, k) = Cglk, k) + ch(k, K +32C,lk, K
;

j
: Clk, i) = 3 C, (K, i)
]
q: { pz} is the band-limited mean square internal pressure in each cavity
' Cga(k, K) - power absorbed by the walls of each cavity
:, Cj(k, k) - power reradiated through the transmitting walls of the cavity to
4 the outside environment
1 C(k, i) - power transferred to other subvolumes through openings connecting
; the cavities
Wk) = z W(k, j) where surface j is adjacent to volume k
i
: orev
band 2
bl(“’ ) pat | Z A It @)

= .
; 27C, b M2
, b=(band-2) b b
grev
Wy 4 K ey o)
. S dut f- 0 e 5
: m -
A lY (w)l ) M, .
1 .
e
% where
% ! p = density of fluid in cavity
i C o = speed of sound in fluid
i <Spb1(wc)> = space-averaged, band-limited mean square blocked pressure
% on the structure '
g A = area of surface
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external blocked power spectral density of the surface
pressure at frequency o x

- .(al) — f fsbl(xo‘xvo’ @) ¢_(x' JdA'dA
pbl' e AA
called the joint acceptance.
cross power spectral density of the external blocked surface
pressure at frequency, w.
joint acceptance of the internal reverberant field with the
structure.
structural mode shape.
number of structural modes in band b.
number of structural modes in band r.
frequency band width.
center frequency of the band of interest.
struetural damping loss factor.

average generalized mass of the structure in band b.

average generalized mass of the structure in band r, the band
of interest.

structural receptance squared, averaged over band b.

expanding on the output power matrix:

Ck, K = Cglk,K)+ 2, Cylk, k) + > C, (k, k)
i )
Ok, i) = 2 Cylk, i)
J4
SR | | .
Cqlk, k) = -2-‘,—0—; a Aj surface j adjacent to volume k
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With surface j adjacent to k

A 6
C,k, k) = 4ptc (912 fxlz)
- 6
Cl(k’ i) = 4ch (6[2 fXZ')
where
aj = normal surface absorption of surface j
Ap Ay = area of surface j and / respectively
6> XE = opening correlation factors

Careful examination of the SEA equations will show that the user must supply four
types of information: '

1.

2.

Vehicle geometry
Structural high frequency response characteristics
Surface absorption of acoustic energy

External excitation description

6.3 Graphically Define Geometry of the Problem

Prepare a clear and uncluttered isometric or three view plan drawing of the vehicle.
The scaled drawing should show the outline of the vehicle's cavities and not the

structural details of the vehicle's walls. A rectangular, global coordinate system should
be established on the drawing.

6.4 Partition the Volume Into Subvolumes and Define Openings

Often the internal geometry of a problem is so complex that the acoustic modal
response characteristies are not known. With VIN's acoustic component mode synthesis
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capability, the user can calculate the modal response characteristies of the complex
cavity. The interior of the vehicle, or the cavity, must be partitioned or further
idealized as several simple shapes with known hard wall acoustic modes connected
together to approximate the more complex shape. The connection between the
subcavities are termed openings. The mode shapes of each opening must also be known.
The response characteristies of each subvolume and opening is held in the program's
library of elements, which is fully deseribed later.

VIN can calculate the space-averaged pressure squared over =ach subvolume. This
provides valuable information on the spacial distribution of the acoustic pressure in the
vehicle.

When the acoustic modal density is greater than 6 or 7 modes per one-third octave, the
response characteristics can be considered reverberant and therefore independent of
cavity shape. When this is the case, statistical energy analysis can be used. The
subvolumes are retained for the statistical energy analysis and are termed acoustic SEA
elements with reverberant response characteristics. In this way, the spatial distribution
of the acoustic pressure can also be estimated in the high frequenecy regime since the
average pressure in each subvolume is calculated.

6.5 Idealize the Structure for Modeling

The primary concern in the development of the drawing has been the representation of
the vehicle's interior acoustic geometry. In this step, the structural elements are
identified and related to the subvolumes of the problem defined in section 6.4. The
idealized structure will consist of transmission surfaces and absorption surfaces. These
surfaces must lie on or within the bounds of the subvolumes that idealize the acoustic
geometry. It is preferable for the idealized structures to lie on the bounds of the
subvolume, but some approximation is allowed. Transmission surfaces are surfaces that
may vibrate and transmit acoustic energy into the subvolumes. Absorption surfaces are
surfaces that may absorb acoustic energy but are assumed to be rigid. The drawing
should be modified so that it consists only of surface and subvolume elements that are
in the program's element library.

The motion of each portion of the vehicle's structure is dependent, to some degree, on
the motion of ali other parts of the vehicle. In essence, the vehicle has only one
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transmission surface. In many cases, however, sections of the vehicle structure are
well insulated from each other by rigid or relatively massive boundaries, and the
structures respond somewhat independently from each other. Each structural wall of
the vehicle whose motion can be independently described is termed a "master surface.”
The user is required to define the structural respo;nse characteristics of each master
surface. The details of how this is accomplished is described in later sections.

Any master surface that extends over two or more subvolumes must be partitioned into
subsurfaces, one for each subvolume that is bounded by that particular master surface.
This is required because of the calculation techniques used in VIN. The response
characteristics of each subsurface is calculated by VIN from the master surface data

supplied by the user. Each subsurface can be assigned different acoustic absorption
characteristies.

The master surface declaration can be used in conjunction with the definition of the
master surface response characteristics to build a model of the structure that is valid
over a larger range of frequencies. Consider, for example, a frame-stiffened structure.
At low frequencies, the structure has modal characteristics that span its whole length.
At higher frequencies, however, the panels bounded by the frames may vibrate
somewhat independently. To represent this behavior, the user may define one master
surface that deseribes the low frequency modes and several other surfaces to represent
the higher frequency behavior. All that is required of the user to implement this double
description of a structure is to simply doubly describe the strueture and make sure the
response characteristics assigned to each do not overlap in the frequency domain.

An absorption surface should be defined so that no portion of the surface bounds more
than one subvolume. A subvolume may have as many absorption surfaces as the
geometry requires. Since the acoustic independance of each absorption surface must be
constant, muitiple absorption surfaces can be used to model acoustic impedance
variations over a wall. At this point, the isometric drawing should consist only of
surface and volume elements that are resident in the program's element library.

6.6 Number Surface and Volume Elements and Assign Nodes

With the isometrie drawing now consisting only of surface and subvolume elements with
known response characteristies, preparations must be made for communication of this

102

pre

2 CE

roemr

T e

ek

[




s
.t

r—

pomsim e g

P

s P

geometry to the program. First, starting at one end of the vehicle and working to the
other, number each subvolume. Second, number all the openings. Third, starting with
1, number all the master transmission surfaces in the same orderly manner. Third,
continue the surface tally by numbering the transmission subsurfaces. Fourth, continue
the surface tally by numbering the absorption surfaces. The total number of surfaces
counted are

NS = NMS + NSS + NAS

NS = number of surfaces
NMS = number of master transmission surfaces
NSS = number of transmission subsurfaces
NAS = number of absorption surfaces

The geometry of each of the surface, volume, and opening elements is communicated to
the program by a method similar to that used in large finite element programs. Each
element (master transmission surface, transmission subsurface, absorption surface,
subvolume and opening) is identified by type. A certain number of "nodes," or position
points, are associated with each element type. Documentation for the program
libraries defines where the nodes should be located on each element type. The nodes
associated with each element type should be clearly marked and numbered on the
isometric drawing. A node can and should be used, if possible, in the definition of more
than one element. The nodes associated with each element type define the orisntation
of the element's geometry with respect to its own loeal rectangular coordinate system
and the global coordinate system of the problem as a whole. The nodes also provide the
limits for surface integration purposes. A minimum of three nodes are required to
define an element type. The first node fixes the loeation of the origin of the element's
coordinate system in the global coordinate space. The second and third nodes also
provide limits for surface integration purposes in many of the element types. Any
additional nodes provide the reference points required to fully define the element
geometry. The maximum number of nodes needed is solely a function of element type.

The description of the element geometry is completed by the analytical information
held in SGEOM, which calculates

f(x, y)

Z

103

Coomm e w

e e

o et e o

.

i v A e

e Drh 3 AR eyt DAt b i o e 8 o 3 528




4
K

24l

TR INE LT A

SRR ST M- 3 3

N

Lk o

P

I

e

1al
e

B EAR W VRt G Ak

A

and

2

wn s A (B)(5)

Z = f(x, y) is equation of the surface

where

g—g is the partial derivative of z with respect to x
2—327 is the partial derivative of z with respect to y

This information is required for accurate surface integration.
Elements are differentiated by response characteristics and not geometry. For
example, a rectangular panel with ribs may be in the library as element 5, while a

simple rectangular panel without ribs is element 2.

6.7 Update Program Library of Elements

The geometry and modal response characteristics of all the elements used in the
drawing completed according to the directions of section 6.6 must be known. The
program library contains some commonly used structural and acoustic elements. The
library was not intended, however, to be static. Rather, the library provides a simple
and structured means for the user to add geometry and response information for the
user's particular problems as they arise. If library elements, from past problems, fit the
present problem, then they may be used. This source code held library has the following
organization:

Program Library of Elements

A.  Program library of modal elements
I. Volume elements
II. Opening elements
IlI. Analytic volume/opening coupling, L

nm

IV. Structural elements

B.  Program library of SEA elements
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g In addition to the program libraries held in the source code, VIN provides an orderly :
: method of maintaining data files of structural and acoustic response characteristics and

program-calculated parameters associated with specific struetures and volumes. The ;
data file capability significantly reduces the computational effort associated with
design studies where the effeet of various parameter changes are investigated.

Essentially all cogent information is placed in mass storage so that it can be retrieved
in total or in part for use in a similar problem. (That is, a slightly changed structure,
} g increased damping, or adding a wall in the acoustic space constitutes a new problem but
“ does not invalidate many of the parameters calculated previously.) ;

‘ Data File

- A. System specific parameters : ¢
B. Struectural surface specific parameters

( ]
: 6.7.1 Program Library of Modal Elements i
|

- Surface integrations involving structural and acoustic mode shapes are the heart of the

st 2K

modal analysis equations. The program library of modal elements provides for the
calculation of these surface integrals. The modal information ecan be held in the library
in several different forms. All mode shape definitions are given in the particular

element's coordinate system. Recall that the complex cavity mode shapes are !
represented by a series of coefficients multiplied times the hardwall acoustic mode po
shape of the cavity's subvolumes:

B} v a :
Falg) = T Ponw) Fle) /g f
1 where
Fn,(xo) = mode shape of the n' mode of the multiple cavity system
:
Pn(n',v) = influence coefficient of n' cavity mode for subvolume v
FX(XO) = hardwall acoustic mode shape of subvolume v
1
}

- The volume or acoustic modal element desecriptions provides the hardwall acoustic mode
shapes, F:(x o)'

sttty

The opening modal elements are needed for acoustic component mode synthesis.

i 3 Acoustic omponent mode synthesis requires the calculation of coupling facors, an,
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between the subvolumes of the cavity and the openings that connect the subvolumes.

Recall that
Lim = /A f f U (xo) Frx )dA
A

¢,(x,) = opening mode shape

it

where

Fn(x o) hardwall subvolume acoustic mode shape

A area of opening

Provision is made in the component mode synthesis portion of the program code for
analytic calculation of the opening/subvolume an. If analytic calculation is not
possible, then the integration is carried out by gaussian quadrature.

Structural mode shapes can be in analytical or double sine series form. The double sine
series can represent structural mode shapes from extensive analytical techniques, finite
element analysis, and/or experiment.

Examine the documentation for the program library of modal elements in appendix A.
The volume elements now held in the program code are

1. Rectangular parallopiped
2. Circular cylinder with closed ends
3. Concentric circular eylinder with closed ends

The opering elements now held in the program code are
1. Rectangle
2. Circle
3. Concentrie circular annulous

The volume/opening analytice coupling L nm &€
1. Rectangle/parallopiped
2. Circle/cireular eylinder
3. Concentric circular annulous/circular eylinder
4. Concentrie circular annulous/concentric circular cylinder annulous
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The structural elements held in the program code are
1. Rectangular surface shape with Fourier series mode desecriptions
3 2. Thin, orthotropie, rectangiilar panel with simply supported edges §
3. Circular surface shape with Fourier series mode deseriptions
2 4,  Thin, homogeneous, circular panel with fixed edges )

3. Frame-stiffened, orthotropic whole-shell segment with shear end conditions ;
at cylinder ends

- 6. Frame-stiffened, orthotropic shell segment with shear end conditions at all
boundries.

7.  BBN finite element mode shape description method.

8. Thin, orthotropice rectangular panel with clamped edges.
Additional element types can be added to the library as required. The following
; instructions deseribe how an update is made.

s s il i

The documentation for the new elements should be fully prepared before any additions

‘-Jg.v!v e

to the source code are made. Acoustic modal element documentation should follow the
pattern.

DG e LSRR A bl ob i o SOl L
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a. Element number assignment and deseription

- b. Drawing of the element, including locations of the element nodes

c. Natural frequency equations
d. Mode shape equations

e. Summary program variables associated with volume elements

a. Element number assignment

The element is accessed via its unique element number. The desecription is for

“\“‘/"}?‘ 3,,5{\,)?. E“ L ittt A A

comments in the program code and for titles in the documentation.

{

w% g""{’“‘*fo‘:xV?‘W?\‘-’J'%WM’""”‘?‘ R

107




3
t

L2 N o I o o o - B

b. Drawing of the element, including locations of the element nodes

The element geometry is depicted on a rectangular coordinate system in a manner
most conducive to defining the shape with the least number of nodes. The nodes are
located such that

Node 1 - at the origin of the coordinate axis

Node 2 - on the positive x-axis

Node 3 - on the positive y-axis

Node 4 - on the positive z-axis

Additional nodes may be assigned as required to supply the needed dimensions in the
natural frequency and mode shape equations.

c. Natural frequeney equations

Using basie acoustic constants and the dimensions supplied by part two, provide an
equation for the calculation of the hardwall acoustic natural frequency as a function of
mode number (modal index).

d. Mode shape equations

Using the dimensions supplied in part two, provide an equation for the calculation
of the hardwall acoustic mode shape as a funetion of position and mode number. The
mode shapes must be normalized such that

M2 = 1V fffFhxJav = 1.0

e. Summary of program variables associated with volume element deseriptions

The program variables to be used in the volume element deseriptions are
summarized in part e.

Opening modal element and analytic an documentation should follow the pattern:
a. Element number assignment and deseription

b. Drawing of the element, including location of the element nodes
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c. Mode shape equations

d. Summary of program variables associated with opening element descriptions

a. Element number assignment and deseription

The opening element is accessed via its unique opening element number. The
description is used in organizational comments in the program code and for titles in the
documentation.

b. Drawing of the element, including location of the element nodes

The opening element geometry is depicted on a rectangular coordinate system in a
manner conducive to defining the shape with the least number of nodes. The nodes are
located such that

Node 1 - at the origin of the coordinate axis

Node 2 - on the positive x-axis at the furtherest extent of the element in the
X-direction

Node 3 - on the positive y-axis at the furtherest extent of the element in the
y-direction

Additional nodes may be assigned as required to supply the needed dimensions in
the mode shape equations.

c. Mode shape equations

Using the dimensions supplied in part II, provide an equation for the calculation of
the opening mode shapes. The opening types have certain "allowed frequency" constant
that also affect the mode shape. Equations for calculating these values as a function of
modal index numbers must also be provided.

d. Summary of program variables associated with opening element description

The program variables to be used in the opening element descriptions are
summarized.

Structural modal element documentation should follow the pattern:
a.  Element number assignment and deseription

b.  Drawing of the element, including location of the element nodes
109
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c. Surface equations

d. Natural frequency equations and structural constants

e. Mode shape equations

f. Summary of program variables associated with structural element

a. Element number assignment and deseription

The element is accessed via its unique element number. The deseription is for
organizational comments in the program code and for titles in the documentation.

b. Drawing of the element, including location of the element nodes

The element geometry is depicted on a rectangular coordinate system in a
manner conducive to defining the shape with the least number of nodes. The structural
element may be three-dimensional as long as it is single valued in the z-direction
(component coordinate system). The nodes are located such that

Node 1 - at origin of the coordinate axis

Node 2 - on the positive x~axis at the furtherest extent of the element's
projection in the x~direction

Node 3 - on the positve y-axis at the furtherest extent of the element's projection
in the y-direection

Additional nodes may be assigned as required to supply the needed dimensions in
the natural frequency and mode shape equations.

c. Surface equations

An equation of the surface is established as a function of the component x and y
positions: z = f(x,y). As described in section 6.6, a correction factor for the surface
shape must also be supplie_cl for surface integration:

can - Vv (@ (T

Note that if z = constant, G(x,y) = 1.0. The jacobian of the coordinate system of
integration must also be provided.
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d. Natural frequency equations and structural constants

Supply the structural constants and the equation needed to calculate the struc-

tural element's natural frequencies. Alternatively, the natural frequencies can be

supplied as data by the user. If this is done, the mode shapes must also be given by
data, in which case the structural element description held in the program code reduces
to a simple description of the surface geometry for integration purposes.

e. Mode shape equations

Using the dimensions supplied in part II and the constants supplied in part IV,

provide an equation for the calculation of the structural mode shapes. Alternatively,

the mode shapes can be given by data (double sine series) as discussed in part IV above.

f. Summary of program variables associated with structural element description

The program variables to be used in the structural element descriptions are
summarized.

The mode shape data can be supplied directly in double sine series form or as raw data

in the NASTRAN output format. The program converts the Nastran output formatted

data to double sine series form. All mode shapes will be normalized such that

M, = 1/A /fm l,llﬁl(xo)ds = 1.0
S

Once the documentation is completed, the information must be added to the program
source code. The fully commented code (appendix D) in combination with the
documentation for the program library of modal elements (appendix A) clearly

demonstrates how the volume, opening, and structural elements are to be added to the
code.

6.7.2 Update Program Library of SEA Element Types

The geometry of the problem, as defined by the isometric drawing completed in section
6.6, remains valid throughout all program computations regardless of the computation
method--modal analysis or SEA. The equations for the structural mode shapes and
natural frequencies given for the master surfaces in section 6.7.1 may not, however, be
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suitable to reflect the statistical emphasis needed in the higher frequencies for good
SEA estimates. Consequently, VIN holds a library of structural SEA descriptions that
may be assigned to any of the master surfaces. Appendix B documents the SEA
descriptions presently in the library and the parameters associated with them. The
acoustic SEA elements are assumed to exhibit the well-known reverberant field
characteristics and hence are shape independent.

Examine the documentation for the program library of SEA descriptions in appendix B.
The SEA descriptions now held in the program code are

1. Equivalent rectangular panel with end conditions ranging from simply
supported to elamped.

2. Equivalent orthotropic whole shell with shear diaphram end eonditions.

3.  Direct data: RJA, RJARV, MD.

Additional SEA descriptions can be added to the library as required. The following
defines the procedure for making an update.

The documentation for the new elements should be fully prepared before any additions
to the source code are made. SEA documentation should follow the pattern:

a. SEA description number assignment
b. Modal density equations
c. Joint acceptance equations

d. Summary of program variables associated with SEA element description.

a. SEA description number assignment

The SEA response description is accessed via its unique SEA response description
number.

b. Modal density equations

Supply the equations needed to calculate the modal density of the element as a
function of frequency. Frequency dependent constants can be defined and held in the
"SEA constants™ array, WMH (NSEAC, NTOB), where NSEAC is the number of SEA
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constants and NTOB is the number of frequency bands. These and/or additional
constants are also used in part 4.

c. Typical joint acceptance definition

The joint acceptance may be calculated either directly by user-supplied, semi-
empirical equations or by the program's analytical integration of equivalent mode shape
descriptions. Frequency dependent parameters required by the selected method may be
held in the array WMH as discussed previously. Either or both methods may be used in a
single problem.

d. Summary of program variables associated with SEA descriptions

Once the documentation is complete, the information must be added to the
program source code. The fully commented code (appendix D) in combination with the
documentation for the program library of SEA elements (appendix B) clearly demon-
strates how the SEA elements are to be added to the code.

6.7.3 Organization and Use of Data File

All cogent information for any problem solved by VIN can be stored in a data file so
that the information may be retrieved in total or in part for use in a similar problem.
The data file holds two types of information: system specific and structural surface
specific parameters. The system specific parameters are stored in files L1-L6. These
described the geometry, acoustics, and acoustic dependent parameters of the problem.
The structural surface specific parameters are stored in files L7-L10. These describe
the dynamies of structural elements, including generalized force as specified for that
surface. Mass storage files L16-L18 are sometimes required for short-term storage of
intermediate calculations and are not a part of the permanent data file.

Each problem stored receives a unique problem number. Each structural surface
element stored receives a unique "stored" structural element number. File L0 contains

an index of the stored data. The index is printed whenever prestored data is used. The
output of file L0 provides the following information:
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Data Set Contents

1. NTAPE - Reference number for control card addressing
NFV - Problems
NFS - Master surfaces
NPFCT - Pressure field constants
NTOBT - Frequency bands
NVT - Volumes in multiple cavity system
NST - Surfaces in multiple surface system
MXVT - Volume element nodes
MXST - Surface element nodevs
NAMT ~ Acoustic modes
NSMT - Structural modes
MXT - Fourier series m-direction limit
NXT - Fourier series n-direction limit
NAMMCT - Important acoustic modes
NSEACT - SEA constants
NPA - Actual number of problems now on data set
NSA - Actual number of surfaces now on data set

Data Set Contents
| Problem
2 NN - Nodes

NS - Surfaces
NMS - Master surfaces
MNSS - Subsurfaces
NAS - Absorption surfaces
MXS - Surface nodes
NSMX - Structural modes
NSC - Struectural constants (modal analysis)
NV - Volumes
NXV - Volume nodes
NAM - Volume modes
NTOB - Frequency bands
MFE - Surfaces with finite element descriptions
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MX - Fourier series terms in x-direction
NX - Fourier series terms in y-direction
NSEAC - SEA constants
NPFC - Pressure field constants
NWS - Discrete frequency steps over frequency range
NOO - Openings
LBAND - Lowest band of interest: Modal analysis
MBAND - Transition band: End modal analysis; begin SEA analysis
IHBAND - Highest band of interest
RO - Density of fluid in volume
CO - Speed of sound of fluid in volume
VOL - Volume of multiple cavity system
PREF - Reference pressure
ZERO - Value considered zero
EPS - Fraction of peak modal contribution considered negligible
BW - Bandwidth

A set of these parameters is given for each prdblem stored on the data tape.

Data Set Contents

Structural Element
3 ISTYP - Surface type
NM - Modes of structure
NSC -~ Structural modal constants
IPF ~ Pressure field type
LBAND - Low band
MBAND - Transition band
IHBAND - High band
NSEAC - SEA constants
ISEAO - SEA struetural type

A set of this data is held for each structural type on the data tape.

Random access storage parameters:

MNR = 1 + 10 + 20 (maximum number of records)
MRS = 20 (maximum record size)
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IR = 1 for tape parameters
= 1+ NPROB for problem parameters
= 1+ 10 + ISUR for structural parameters
Note that this first file is sized with constants so that it may be read without prior
knowledge of the value of the parameters on the file.

File L1: Problem Geometry

Data Set (NDS)

1 VNODC(MXV,3,NV) - Volume mode locations (in subvolume coordinate
system)
VTM(3,3,NV) - Transformation matrix for global-to~volume
systeiit
VORG(3,NV) - Origin offset: Volume-to-global coordinate system
IVTYP(NV) - Volume type
ONODC(MXS,3,NOQ) = Opening node locations
OTM(3,3,NOO) - Transformation matrix for opening to global
system
OORG(3,NOOQ) - Origin offset: Opening to global coordinate system
IOTYP(NOQ) - Opening type
SNODC(MXS,3,NS) - Surface node locations (in surface coordinate
system)
STM(3,3,NS) - Transformation matrix. for global-to-volume
system
SORG(3,NS) - Origin offset: Surface-to-global coordinate system
ISTYP(NS) - Surface type: Modal analysis
V(NV) - Volume of subvolumes
AREAO(NOO) - Area of openings
AREA(NS) - Area of surfaces
IGEMOV(2,NOO) - Opening/subvolume relationships
ISV(NS) - Surface/subvolume relationships
MASSUR(NMS,MNSS) - Master surface/subsurface relationships
NSDAT(NS) - Data tape surface identification
CENTF(NTOB) - Center frequencies of frequeney range of interest

B T
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IFE(NMS) - Surface with finite element

identification

ISEAO(NMS) - Surface type: SEA

GNODE(NN,3) - Global node points
IOCM(MXS,NOO) - Opening nodes
ISURCM(MXS,NS) - Surface nodes
IVOLCM(MXV,NV) - Volume nodes

BNDWN(NTOBT,2) - Acoustic band of importance

Random access storage parameters:
MNR = NFV; maximum records in file

ad
-

deseription

o

MRS = Total size of arrays above; maximum record size
IR = NPROB; mass storage record access number

File L2 - Subvolume Natural Frequencies and Acoustic Mode Shape

Integration Over Each Surface

Data Set (NDS)

1 WN(4,NAM,NV) - Natural frequency and mode shape index of
subvolumes
2 CN(NAM,NS) - Integral of whole cavity acoustic mode shape over

each surface
3 ZNDATA(NTOB,NS) - Surface acoustic absorption
Random access storage parameters:

MNR = NFV*3
MRS = AMAX(NST*NAMT, 4*NAMT*NVT)
IR = (NDS-1)*NFV+NPROB

File L3: Acoustic Modal Response
Data Set (NDS)

1 WNMC(NAM) - Multiple cavity system's acoustic
frequencies
2 VMNPA(NAM) - Generalized mass of each acoustic mode
3 ZANN(NAM) - Cavity acoustic damping
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Random access parameters:
MNR = NFV*3
MRS = NAMT

IR = NPROB+(NDS-1)*NFV

File L4: Portion of Cavity Generalized Mass in Each Subvolume

Data Set (NDS)

1

RMN(NAMT,NVT) - Portion of ecavity generalized mass in each
subvolume

Random access storage parameter:

MNR = NFV
MRS = NVT*NAMT
IR = (NPROB)

File L5: Acoustic Component Mode Synthesis Constants of Constraint

Data Set (NDS)

1

Data Set (NDS)

1

PNMC(NAMMC) - Constants of constraint

Random access storage parameters:
MNR = NAMT*NVT*NFV
NRS = NAMMCT
IR = (NPROB-1)*NAMT*NVT+(NVOL-1)*NAMT+NWN

File L6: Modal Selection for Constants of Constraint

INDPN(NAM) - Indicates which subvolume acoustic modes are

important in the calculation of the whole cavity
modes

Random access storage parameters:
MNR = NVT*NFV
MRS = NAMT
IR = (NPROB-1)*NVT+NVOL
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File L7: Structural/Acoustic Coupling Coefficient |
Data Set (NDS) i
. i
1 VLNM{(NAMT) - Struetural/acoustic coupling coefficient ¢
Random access storage parameters: )
MNR = NSMT*NST
MRS = NAMT
IR = (ISUR-1)*NSMT+MWM+NSMT*NST*(NPROBN-1)
;
The strueture specific parameters held in files L8 through L15 are briefly deseribed in :
the following data file summary. ,
‘i
i File L8: Miscellaneous Structural Constants ’
; Data Set (NDS) j
;
1 NM,ISTYP,AREA - Number of modes, structure type, structure area zj
i
2 SC(NSC) - Structural constants for modal anaiysis !
3 ZMDATA(NTOB) - Structural damping in each band of interest §
B
4 SPL(NTOB) - Exterior sound pressure level on structure for each Eo

Fruemie
U

band of interest i

< ]
g

Random access storage parameters: ; ;

MNR = 4*NFS -
r MRS = NTOBT o
, IR = (NDS-1)*NFS+NSDAT(ISUR) o

3T

/ Fiie L9: Structural Modal Data

- Data Set (NDS) o

r 2 ZM(NSMT) - Structural modal damping (C/C c)

Random access storage parameters:
MNR = NFS*2

l
- 1 WM(3,NSMT) - Structural modes and modal indexes
|
|
MRS = 4*NSMT
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Data Set (NDS)

1

Data Set (NDS)

File 10: Generalized Force: Modal Analysis

RJA{NTOBT) - Joint acceptance or generalized force of each
structural mode for the given external pressure
field

Random access storage parameters:
MNR = NFS*NSMT
MRS = NTOBT
IR = (NSDAT(ISUR)-1)*NSMT+MWM

File L11: (Blank and not assigned)

File L12: Structure Modal Desecription

1 BPQ(MXT,NXT,NSMT) - Coefficients to double Fourier series description of

Data Set (NDS)

mode shape

Random access storage parameters:
MNR = NFS
MRS = MXT*NXT*NSMT
IR = NSDAT(ISUR)

File L13: Structure SEA Response Deseription

1 WMH(NSEAC,NTOB) - Structural SEA parameters for each frequency

band of interest

Random access storage parameters:
MNR = NNFS
MRS = NSEACT*NTOBT
IR = NSDAT(ISUR)
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File L14: Structure SEA Joint Acceptance and Modal Density
Data Set (NDS)
1 RJA(NTOB) - Joint acceptance of modes in band (given external
field)
2 RJARV(NTOB) - Joint acceptance of modes in band (reverberant
pressure field)
3 MD(NTOB) - Modal density
Random access storage parameters:
MNR = 3*NFS
MRS = NTOBT*2
IR = (NDS~1)*NFS+NSDAT(ISUR)
File L1%: Bandwidth of Importance
Data Set
1 BNDWM(NTOB,2)

Mass storage parameters:
MNR = NFS
MRS = NTOB*2

IR = NSTOR(IS)

The following three files are used for short-term storage of intermediate program
calculated pararneters. The files are not part of the permanent data set.
L16: EIMTX

1 EIMTX(NOO,NOM) - Constraint constants at the openings
MNR = NAM
MRS = NOO*NOM
‘IR = NWN
L17: VLNM
1 VLNM(NAM,NMO) - LNM for openings and volumes in acoustic compo-

nent mode synthesis
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MNR = NOO*2
MRS = NAM*NMO
where
IFIGEMOV(1,INO).EQ.NVOL)INV = 1
IFIGEMOV(2,INO).EQ.NVOL)INV = 2
IR = (INV-1)¥*NOO+INO

File L18
Data Set (NDS)

1 NFES,NSM
((1,D1(1),D2(1),D2(1)),1=1,NFES),
((1,vM(1)),I=1,NFES),
(1, wm(®),(((SN(K,d,I),I=1,NSM),K=1,NFEN),J=1,3)
where NFES - FE nodes in the data set
NSM - FE modes in the data set
D1 - x-coordinate in FE system of F.E. node
D2 - y-coordinate
D3 - z-coordinate
VM - Elemental mass at each node
WM - Natural frequencies
SN - Array of mode shapes, three translational degrees
of freedom

Mass storage file parameters:
MRS = 6*MFE+2*NSMT+NSMT*3*MFE
MNR = NFEDS

IR = IFE(ISUR)

6.8 Estimate the Structural Damping and Acoustic Absorption

The structural damping and normal acoustic impedance must be estimated for the
entire frequency range of interest for each master surface of the structure. The
prediction accuracy of the program is usually affected more by estimates of these
parameters than by any other single aspect of the modeling exercise. Because of the
uncertainties usually associated with these factors, the user is advised to arrive at the
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answer to important problems based on a sensitivity analysis with damping and surface
absorption as the variables. Such a sensitivity analysis would be less costly than it

seems since VIN can save the results of the program's most time-consuming calculations
for reuse in repeated runs of the same general problem.

6.9 Define External Acoustic Fields

The external acoustic field over each master surface must be specified. The program
library of external pressure fields contains normalized descriptions of the most
commonly encountered pressure fields. Each pressure field type is assigned a unique

pressure field reference number. The program library of external pressure fields may
be updated. The documentation follows the pattern:

a. Pressure field number assignment and description

b. Surface pressure field correlation equations
1. Random: frequency domain
2.  Deterministic: frequency domain

c. Generalized force calculations

a. Pressure field number assignment and description

Each pressure field description is accessed via its unique element number. The
description is for comments in the program code and for titles in the documentation.

b. Surface pressure field correlation equations

A pressure field is descriped in either random-frequency domain or deterministic-
frequency domain terms. Each description is normalized to a reference pressure at the
centroid of the surface on which the field is imposed. The deseription should be in the
form of an equation. All constants that make the deseription more versatile are
identified and allowed to be user-variable inputs to the program. (See documentation
for program library of external pressure fields.)
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c. Generalized force calculations

Since the equations are formulated to calculate the space-averaged pressure
squared, the generalized force is required in the form of a joint acceptance:

S_..(x Ix‘ w) :
2 = 1 “pbl""0l0’
Iom@ = = f f ) Y (x ) ¥ (' )dsds'
A A pbl
s's
where
Spbl(w) = exterior blocked pressure power spectral density at a reference

point

Spbl(w) = exterior blocked pressure cross-power spectral density

A surface area of structure

While this form is generally used for random external pressure field descriptions, it can
also be used with deterministic data.

*(x' , )
J mm(cu) = Z-Z- f f ( )‘2 xﬁm(xo) l.0n.l(x'°)dsds'
s s |p Xpefr
where
p(xo, w) = complex pressure at point x o

|p(xr eof? m)\2 = pressure squared and reference point, Xof

= Spp1@)

The deterministic field joint acceptance can be more easily obtained by calculating

Q@ = folg @) Yy (x )ds
S
then [An@ Q@]
32 (o) =
mm’’ 2
A Spbl(w)

Once the generalized force is calculated in the form of joint acceptance, the remainder
of the calculations are identical for the deterministic and random formulations.
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If the surface mode shapes are given in analytical form, the above integrations are
generally accomplished by Gaussian quadrature; however, analytic solutions are used in
the program whenever such solutions are available. If the mode shapes are given in

Fourier series form, analytical solutions are possible for some pressure field types as
follows:

mX nx
= > in RZX gip 97¥
Y, %) pE 2 m Bpg Sin KT sin 37

Substitute into the equations

mxXx nX mx nx

S_p (! |x!, w)
2 _ 1 M oo’
Imm® = 3 zp: 2 2 2 mBpqmbpy f [ Spo1()
s's

A qa p' q

. 0. S m . nx' . 'ry’
sin RTX sin qry sin R sin ary dsds'

xL yL xL yL
,  mX nx
L 38 in 7% i 9my
Q@ = % 2 % m Bpq fp(xo, ) sin 5 sin VT ds
S

Analytic solutions for the bracketed terms are mandated for computational tractability.
The documentation for the program library of external pressure fields is given in
appendix C. Point force excitation is among the external pressure, or foreing, fields
resident in the library. The routine PRMCAL (see appendix D) provides fully
commented directions on the addition of new pressure field types to the scurce code.

6.10 Prepare Input Data File

At this point, the user should have
1.  Become familiar with the basic analytical techniques of the program.

2.  Prepared isometric scaled drawing consisting only of surface and subvolume
elements to be included in the program element libraries.

3.  Identified master surface/subsurface relationships.

4, Numbered each subvolume and numbered each opening.
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5. Numbered all surfaces in the correct order (master surfaces + subsurfaces +

absorption surfaces).

6. Marked the location of the required nodes on each surface and subvolume on

the isometrie drawing and numbered the nodes.

7.  Updated the modal and SEA element libraries and gathered finite element or

experimental modal response information if required.

8. Gathered the relevant structural data on each surface, including the

structural damping and acoustic impedance estimates.

9.  Selected the external field description for each master surface.

The above information must now be communicated to the program via the Input Data
File. Each aspect of the Input Data File is described in detail following the summary of
its contents. Recommendations, based on experience with the program, for user-

selected parameters are also provided.

In all the options, weak structural/acoustic coupling is assumed. Each option uses the

modal analysis method. SEA analysis can be used only with option 1.

Summary of Input Data File

Title

Subtitle

RC A. Option Selection

10P

(MOP(D),I=1,4)

(IPRE(I),I=1,4)

NPROB, NPROBN, MTAPE, NTAPE

RC B. Sizing Parameters for New Data File

NFV, NFS, NPFCT, NTOBT, NVT, NST, MXVT, MXST, NAMT, NSMT, MXT, NXT,

NAMMCT, NSEACT

RC C. Range: Frequency Domain
LBAND, MBAND, IHBAND, BW

RC D. Range: Discrete Frequencies
WI, WF, NWS :

RC E. Tolerénces
ZERO, EPS
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RC F. Matrix Sizing

NN, NS, NMS, MASS, NAS, MXS, NSMX, NSC, NV, MXV, NAM, NTOB, MFE, MX, NX,

NSEAC, NPFC

RC G. Multiple Cavity Parameters
NAMMC, NOO, NOM, IOM, NG, DFQY, NI, ER

RC H. Opening/Volume Relationships
1, NVOL(TAIL), NVOL(HEAD)

NOO, NVOL(TAIL), NVOL(HEAD)

RC L Opening Description
1, IOTYP(1), AREAD(1), (IOCM(1,]),I+1,MXS)

NOO, IOTYP(NOO), AREAO(NOO), (IOCM(NOO,I),I-I,MXS)
RC J.  Structural Data File Access and Storage
(NSDAT(I),I=1,NMS)

(NSTOR(I),I=1, NIS)

RC K. Global Node Points
1, X,Y,Z

NN, X, Y, Z

RC L. Surface Description
1, ISTYP(1), AREA(1), (ISURCM(1,]),I=1,MXS)

NS, ISTYP(NS), AREA(NS), ISURCM(NS,I),I=1,MXS)

RC M. Master Surface/Surface Relationships
1, (MASSUR(1,I),I=1,MNSS)

NMS, (MASSUR(NMS,I),I=1,MNSS)

RC N. Structural Constants: Modal Analysis
1, (8C(1,1),I-1,NSC)

NMS, (SC(NMS,I),I=1,NSC)

(leave off SC if NSDAT(ISUR).NE.O)
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RC O. Structural Modal Data - -
NFEDS | ;\3
1,IFE(1),NFEN,SL1,SL2), ; |
IF(IFE(1).NE.O)THEN ALSO -
( IF(FEN(J),J=1,NFEN) "
(STM(1,K,1),K-1,3),SORG(1,1) T
(STM(2,K,1),K-1,3),SORG(2,1) !
(STM(3,K,18),K,1,3), SORG(3,1) L
L
NMS,IFE(NMS),NFEN,SL1,SL2) Sy
IF(IFE(NMS).NE.O)THEN ALSO :
(IFEN(J),J=1.NFEN) ,
(STM™M(1,K,NMS),K-1,3),SORG(1,NMS) e
(STM(2,K,NMS),K-1,3),SORG(2,NMS) SRR
(STM(3,K,NMS),K=1,3),SORG(3,NMS) R
NOTE: Full FE data is on a prepared mass storage file (L18). The form of the data on
that file is given under the description of file L18 in section 6.7. P
RC P. Structural Constants: Statistical Energy Analysis o :’
1, ISEAO(1) el
(WMH(J,1), J=1,NSEAC) o
' | I
(WMH(J,NTOB), J=1,NSEAC) P
. o BT
NMS, ISEAO(NMS) R
(WMH(J,1), J=1,NSEAC) -
(WMH(J,NTOB), J=1, NSEAC) oy
RC Q. Volume Description o
1, IVTYP(1), V(1), (IVOLCM(1,(}, I-1,MXV) BE
NV, IVTYP(NV), V(NV), (IVOLCM(NV,]), I=1,MXV) o

RC R. Acoustic Constants
RO, CO, PREF
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RC T. Surface/Yolume Relationships |
1, SV(1) |
o . . ‘1‘
NS, ISV(NS) “ jﬁ
RC S. Acoustic Modal Data ="i
:‘* RC U. Surface Absorption '}
(ZNDATA(D),I=1,NTOP) IF MOP(3) =1
-OR-
4 1, IX IF MOP(3) =0 i
(ZNDATA(1,1),1=1,NTOB)
NS, IX ?
- (ZNDATA(NS,I),I=INTOB) '
.
s RC V. Structural Damping :
§ - 1, IX ' ;
(ZMDATA(,]),I=1,NTOB) ‘
9 . !
NMS, IX 5
{v (ZMDATA(NMS,])I=1,NTOB) :
ﬁ RC W. External Sound Pressure Level i
, 1, IPF(1) 7 o
o (SPL(1,I),I=1,NTOB)
NMS, IPF(NMS)
A (SPL(NMS,I),I=1,NTOB) ;
5 RC X. External Pressure Field Description :
1 1, IPF(1) )
= (EX(1,1),I=1,NPFC) !
= - |
;\ i
;ﬂ/‘ .
NMS,IPF(NMS)

(EX(NMS,]1),I=1,NPFC)

RC Y. Band Center Frequencies
(CENTF()(I), I=1,NTOB)

RC Z. Reverberation Time

AR TR
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The Data Input File has 26 sections lettered A through Z. Each section of data cards is
headed by a title card. Each title card begins with a read code. If the code is the
integer 1, the program is alerted that the section is to be read. If the code is 0, the
program is alerted that there are no cards in that section, and the program therefore
will expect the following data card to be the next section's title card. The program
options selected by the user determine which data sections are required and which are
not. Variables are integer or real by the standard implicit definitions. All data reads
are unformatted. Variables on a single card are simply separated by commas. Of
course, all variables must be given in a consistent set of units.

A. Option Selection

The option selection requires four data cards. The read code is always 1. The
first card is for selection of the type of analysis.

Card Al: IOP - A single integer with

1 - Space-averaged, band-averaged pressure squared with random external
pressure field excitation.

2 - Space-averaged pressure squared at discrete frequencies with random

external pressure field excitation.

3 - Space-averaged, band-averaged pressure squared with deterministie
excitation.

4 - Space-averaged pressure squared at discrete frequencies with determi-
nistic excitation. '

5 - DMultiple cavity analysis only.

6 - Reverberation time.

The second option selection data card flags miscellaneous options. A "1"
activates the option; "0" deactivates the option.

Card A2: MOP(4) - Four integers on the card with

MOP(1) - Retain mass storage file after execution of program.
MOP(2) - Surpress printing of the input data.

MOP(3) - Use experimental cavity damping.

MOP(4) ~ Use short BMN calculation on new modal data.
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If a data file is to be kept for the problem at hand, set MOP(1)=1. The input data
is automatically mirrored to a printer unless MOP(2) is set to 1. If acoustie damping is
explicitly known as a function of frequency, it may be entered as data by setting the
flag MOP(3) equal to 1. Otherwise it is assumed that the cavity damping must be
calculated from surface absorption and acoustic modal characteristies. Finally, if new
modal data is to be input, from finite element analysis or experiment, ete., the method
of caleulating the double sine series representation of the mode shapes can be selected.
If MOP(4) is set to 1, then the surface integrations required to calculate the series
coefficients will be simple summation of the modal data. Otherwise, a more
sophisticated and time-consuming surface integration method will be used.

The third option selection card flags which parameters, if any, are available in the
data file. Again, 1 activates the option and 0 deactivates the option.

Card A3: IPRE(4) - Four integers on the card with
IPRE(1) - Acoustic response precalculated.
IPRE(2) - Acoustic absorption precalculated

IPRE(3) - Structural/acoustic interaction, L precalculated for all

nm’
surfaces.

IPRE(4) - Generalized force or joint acceptance precalculated for all
surfaces.

Further details, such as "For which surfaces is the response precalculated?" are given in

later sections of the input.

The fourth option selection card gives general data file access and storage

information.
Card A4: Four integers on the card with

NPROB - 0ld problem aceess number
NPROBN - New problem access number

MTAPE - Old tape access number

NTAPE - New tape access number
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If precalculated acoustics are to be used in this run of the program, the problem's {4

reference number must be given. If there is no previous problem, set NPROB to zero. .
If the important parameters of the problem at hand are to be saved for future use, the ; 3 * 1,
problem must be given a reference number. Two tapes are used to eliminate the " :
possibility of a write error destroying the data tape. The data tape, referenced by file T !
number MTAPE, is read into random access mass storage files. During the execution of _‘ |
the program, the random access files are updated with the new data from NPROBN. At - |
the completion of the run, a new tape-- NTAPE--which holds all the previous data and v l
the new data, is created. ! ,.!
B. New Data File Sizing Parameters :
The parameters given in this section size the mass storage files. Each parameter P :
is the maximum number allowed for the particular data file. Once these parameters !
are set for a given data file, they cannot be changed. Any problem placed on the data g : :
file may have smaller but never larger values of these parameters. The B card is only » ol ;
read if a new data file is to be created. i ,
. }
Card Bl: NFV, NFS NPFCT, NTOBT, NVT, NST, MXVT, MXST, NAMT, NSMT, ) : ;
MXT, NXT, NAMMCT, NSEACT ;‘ 7
NFV - Problems stored on data file ' ; g 'f
NFS - Structural surface descriptions : | l . ii
NPFCT - Pressure fieid constants “ ! i
NTOBT - Frequency bands . r ,{
NVT - Subvolumes in multiple cavity system - § :
NST - Surfaces in the problem i :
MXVT - Volume nodes 2% j
MXST - Surface nodes ™1 , |

NAMT - Acoustic modes R

NSMT - Structural modes

MXT - Largest index in the M direction for Fourier series modal response

.1
LRt

o

representation L E

NXT - Largest index in the N direction for Fourier series modal response ; !

: representation -
f ‘ NAMMCT - Multiple cavity nodes of importance

Frra
e |

NSEACT - Statistical energy analysis constants

PR
B

[
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The data file is intended to reduce the overall computational requirements of a
design concept evaluation or a sensitivity analysis of a particular problem. The
preferred values of the constants will therefore depend on the size of the general
problem at hand.

C. Range: Frequency Domain

Factors that define the frequency range of the program's calculations are given on
the C data card.

Card C: LBAND - Lowest frequency band of interest
MBAND - Band at which SEA assumptions become valid
IHBAND - Highest frequency band of interest
BW - Frequency band width factor (0.12 for one-third octave bands)
where 1 £ LBEAND € MBAND < IHBAND < NTOB

The user directs the use of modal and/or statistical energy analysis, when allowed
by the option selzcted, by the selection of LBAND, MBAND, and IHBAND. Between
LBAND and MBAND the program uses the modal analysis method. Between MBAND
and IHBAND the program uses the statistical energy analysis method if option 1 or 3
was selected. Hence, if MBAND is set equal to IHBAND, only modal analyis is
performed. On the other hand, if LBAND is set equal to MBAND only SEA is
performed. While the program can handle full octave bands, one-third octave band
averaging is recommended.

The selection of MBAND is entirely a function of the internal acoustics of the
problem. SEA assumptions become valid at the frequency above which the internal
acoustiecs can be considered reverberant (more than six acoustic moodes per one-third
octave band). Due to geometry, this frequency is also assumed adequate for SEA

descriptions of the structural response. A good estimate of the correet point to shift to
SEA can be made by

1. Select the subvolume with the smallest volume.
2. Caleulate f = 1300/ 3\/ v (with volume, v, in ft3).

3. MBAND is the band whose center frequency is closest to but not less than f{.
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¥
MBAND selection in this manner assures that the acoustic field within each subvolume
can be considered reverberant. At this point, the SEA analysis can be used to calculate o ¢
noise levels averaged over each subvolume. ol J
4
D. Range: Discrete Frequency . ' f}
i |

Factors that define the range of the program's discrete frequency calculations are S
given on the D data card. : _
Card D: WI, WF, NWS .
WI - The initial frequency l
WF - The final frequency o ,
NWS - The number of frequency steps across range : ‘

This data card is needed only when calculation option 2 or 4 is selected. :

E. Tolerances ;
1
All input tolerances are given on the E card. i . ;‘
E Card: Zero - Value considered 0.0 i
EPS - Fraction of the maximum contribution from a single | % o
mode that can be neglected in the modal summations = i :
EPS is used in the routine BNDCAL to establish structural and acoustic band- ‘
widths of importance for each band. This sophisticated modal summation limiting ? i v
method assures that only the modes significant in each band are used in the i J
caleulations. ‘;1 ;
. ]
F.  Matrix Sizing i i
: | i
ig : The matrix sizing establishes, to a great extent, the size of the problem at hand. 5 i
: : F Card: NN - Global node points _‘ ;
, NS - Surfaces ;
» ' Tyoeo
NMS - Master surfaces i
: MNSS - Subsurfaces per master surface T ;
NAS - Absorption surfaces _ S DT
MXS - Nodes per surface = :
| a0
a ®)
. - | ®,
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NSMX - Structural modes per surface
NSC - Structural constants
NV - Subvolumes in system
MXV - Nodes per subvollume
NAM - Acoustic modes per subvolume
NTOB - One-third octave bands
MFE - Finite element nodes
MX - X-direction Fourier series summation limit
NX - Y-direction Fourier series summation limit
NSEAC - SEA constants
NPFC - Pressure field correlation constants

Parameters NN through MXS are all obtained from the problem drawing as
deseribed in section 6.6. The maximum number of structural modes, NSMZX, needed for
a particular problem depends on both the frequency range of interest and the structures
involved in the problem. A good estimate of the NSMX required can be obtained by

1.  Select the structure with the lowest natural frequency.

2. Recall the highest frequency band to which the modal analysis will extend
(MBAND-1).

3. NSMX is the number of structural resonances below the center frequency of
band MBAND.

If only SEA is to be used, set NSMX to zero. The maximum number of structural
constants, NSC, is simply a function of the structural types in the modal analysis
portion of the problem.

Parameters NV and MXV are obtained from the drawing of the problem as
described in section 6.6. The maximum number of acoustic modes, NAM, needed for a
particular problem depends on the frequency range of interest and the acoustic
subvolumes of the problem. A good estimate of the NAM required can be obtained by

1.  Select the largest subvolume of the multiple subvolume system.

2.  Recall the highest frequency band to whieh the modal analysis will extend
(MBAND-1).
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3. NAM is the number of subvolume acoustic resonances below one and one-
half times the MBAND center frequency.

If only SEA is to be used, set NAM to zero. The number of one-third octave
bands, NTOB, establishes the maximum range of frequencies the calculations may
cover.

The matrix sizing parameters MFE, MX, AND NX have to do with the description
of modes with double Fourier series. If modal data is to be given, the maximum number
of points at which the mode shape is defined must be provided. MX and MY must be
chosen large enough to adequately define the mode shapes over the surface with the
double Fourier series. Since the mode shapes are only used in surface integrations,
exact replication of the shape is not required. The MX and NX, however, must be
sufficiently high to mateh the number of nodal lines in the highest frequency structural
mode to be approximated. The number of SEA constants, NSEAC, and the number of
pressure field constants, NPFC, are determined by the structural types and the external
pressure field types called out in the problem.

G. Multiple Cavity Parameters

The G card provides the parameters that direct certain aspects of the acoustie
component mode synthesis.

G card: NAMMC - Acoustic modes important around exciting frequency

NOO - Openings

NOM - Opening modes

NMO - Total opening modes available

GN - Acoustic modes assumed at some opening mode set
DFQY - Frequency step in natural frequency calculations
NI - Iterations allowed in Newton Raphson convergence on

the acoustic natural frequency

ER - Error limits in Newton Raphson iteration

The number of opening modes, NOM, is by far the most important factor in the
component mode synthesis computation time requirements. A technique is used to
select the most important NOM opening modes from an array of NMO opening modes
based on the multiple cavity natural frequency. The evaluation method is executed
once for every NG acoustic multiple cavity modes.
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H. Opening/Volume Relationships

The opening/volume relationships are used in the generation of the acoustic
component mode synthesis equations. There are NOO "H" cards.

H cards: 1 NVOL (tail), NVOL (head)

NOO, NVOL (tail), NVOL (head)

The first integer on each card is the opening number as defined on the problem's
drawing (see 6.6). The second integer is the lower subvolume number of the two
subvolumes separated by the opening. The third integer is the higher adjacent
subvolume number. The subvolumes are also as numbered in section 6.6.

I. Opening Deseription
The opening element types, area and geometry are needed for the acoustic

component mode synthesis.

I cards: 1, IOTYP(1), AREAO(1), (IOCM(1,), I-1,MXS)

NOO, IOTYP(NOO), AREA(NOO), (I0OCM(NCO,]), I-1,MXS)

The first integer on the card is the opening number. The second defines the
opening element type from the Program Library of Modal Elements. The third number
on each I card is the area of the opening (real number). The final MXS integers are the
gfobal node points defining the opening geometry and location. If MXS is greater than
the number of nodes required for any particular opening type, place zeros in the

unneeded slots.

d. Structural Data File Access and Storage

The mass storage data file, as described in section 6.7.3, holds structural response
data calculated in previos ecomputer runs. Each surface on the data file has a unique

137

. e ot L T .

e bii v e

e e




reference number. The J cards supplies the data file access and/or storage reference
numbers

J card 1: NSDAT(1), ..., NSDAT(NMS)

J card 2: NSTOR(1), ..., NSTOR(NMS)

The first J card gives the data file reference number for each surface of the
present problem. If no data exists for a particular surface, a zero is put in that slot.
The second J card gives the reference number under which each surface of the present
problem will be stored at the completion of the program calculations. Each J card must
have NMS integers.

K. Global Node Points

The global node points are used to locate the various volume, opening and surface
elements of the problem in global coordinate space. Refer to the scaled drawing with
the numbered node points to prepare the K cards.

K ecards: 1, X, Y, Z

NN, X, Y, Z

The first entry on each K card is the node number. The next three real numbers
are the global X, Y, and Z position of the node.

L. Surface Description

The surface description cards define each surface element of the problem and
locates the element in the global coordinate space.

L cards: 1, ISTYP(1), AREA(1), ISURCM(IS,D),I-1,MXS)

NS, ISTYP(NS), AREA(NS), (ISURCM(NS,I),I-1,MXS)
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The first integer on each L card is the surface number as identified on the
isometric drawing of the geometry. The next integer, ISTYP(I), is the surface element
reference number from the Program Library of Surface Elements. If the surface only
inputs power in the SEA frequency range (another master surface is specified to provide
the modal analysis data) then enter a zero for ISTYP(I). The surface area, AREA(]), is
given next followed by the MXS nodes that locate the element in the global coordinate
space. If MXS is greater than the number of nodes required for any particular surface
type, place zeros in the unneeded slots. If ISTYP(I) is zero, then place zeros in all the
ISURCM slots.

M. Master Surface/Surface Relationships

When a master surface extends over more than one subvolume, subsurfaces are
defined. Each subsurface is associated with only one subvolume. The M cards establish
the relationships between the master surface and the subsurface.

M cards: 1, (MASSUR(1,I),I-1,MASS)

NMS, (MASSUR(NMS,I),I-1,MNSS)

The first integer on each M card is the master surface number as established on
the isometric drawing of the geometry. The remaining MNSS entries on each card is
the surface numbers of the subsurfaces associated with that particular master surface.
Zeros are entered in the unneeded data slots. The number of data slots on each card is
equal to (1+MNSS).

N. Struectural Constants: Modal Analysis

The structural constants needed for the modal response description of each
master transmission surface can be provided in this data section.

N eards: 1, SC(1, 1), ..., SC(1,NSC)

NMS, SC(NMS,1), ..., SC(NMS,NSC)
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The first integer on each N card is the surface number as identified on the
isometric drawing of the geometry. The remaining NSC entries on each card are the
real structural constants. If NSC is greater than the number of constants required for
any particular surface type, place zeros in the unneeded data slots. The documentation
for the Program Library of Surface Elements defines how many struetural constants are
needed and in what order they should be supplied. If the surface is already deseribed in
the data file (NSDAT(ISUR).NE.O) or (ISTYP(ISUR).EQ.O), then simply insert a card
with the master surface number on it, omitting the structural constants.

0. Structural Modal Data

This allows access to a prepared data tape of finite element structural response
data.

O cards: NFEDS
1,IFE(1),NFEN,SL1,SL2
IF(IFE(1).NE.O) Read
(IFEN(J),J=1,NFEN)
(sT™m(1,K,1),K=1,d),SORG(1,1)
(STM(2,K,1),K=1,3),SORG(2,1)
(STM(3,K,1),K=1,3),SORG(3,1)

NMS,IFE(NMS),NFEN,SL1,SL2
IF(IFE(NMS).NE.O) read
(IFEN(J),J=1,NFEN)

(STM(1,K,NMS),K=1,3),SORG(1,NMS)

(STM(2,K,NMS),K=1,3),SORG(2,NMS)

(STM™M(3,K,NMS),K=1,3),SORG(3,NMS)

The integer, NFEDS, indicates the number of sets of finite element data on the
data tape. The first integer of the next card is the surface number. The next integer is
the data access number for the master surface. If the master surface does not have a
finite element description of the mode shapes, a zero is entered. NFEN is the number
of nodes associated with the surface. SL1 and SL2 are the x and y dimensions of the
surface. Should these factors not apply, enter a zero.
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The next four data cards are required only if finite element data is associated
with the surface. The array, IFEN(NFEN), holds the node numbers of the finite element
data that are associated with the particular surface. The final three cards provide the
transformation matrix STM and SORG needed to convert the locations of the finite
element nodes from global F.E. coordinates to the local surface coordinate system.

A separate routine generates the data file from either card images or a
NASTRAN data tape (output 4 format). This routine, FEPRP, is described in section
6.12. The data file holds the following information for each surface (modal analysis
range).

NFEN - Number of finite element nodes
NSM - Number of structural natural frequencies
WM(1,NSM) - Natural frequencies :
D1(NFEN) - X-position of each node
D2(NFEN) - Y-position of each node
D3(NFEN) - Z-position of each node
VM(NFEN) - Nodal mass
SN(NFEN,NSM) - The mode shape value of the three translational degrees of freedom

p. Structural Constants: Statistical Energy Analysis

The structural data needed to complete the SEA response description of each
master surface are provided in this section. Since the response description models band
averaged type parameters, the SEA structural parameters are given as a function of
frequency, a set of constants for each frequency band of interest.

P cards: 1, ISEAO(1) : code card
(WMH(J(J,1)), J=1,NSEAC) : data cards

(WMH(J,NTOB),J=1,NSEAC)

NMS,ISEAO(NMS)
(WMH(J(J,1)),d=1,NSEAC)
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(WMH(J,NTOB),J=1,NSEAC)

The integer for the ISEAO array identifies the SEA surface type as defined in the
documentation for the Program Library of SEA Elements. If the surface is not active in
the SEA frequency range then enter a zero for ISEAO(I). If joint acceptance
information for the surface has already been calculated (NSDAT(ISUR)#0O) then indicate
the surface type on the code eard but do not include data cards for the surface. If WMH(1,M)
is set to -1, the program will read the remainder of line M then expect the next data
card to be a code card.

Q. Volume Description

The volume description cards define each volume element of the problem and
locates the element in the global coordinate space.

Q cards: 1,IVTYP(1), V(1), IVOLCM(1,1),I=1,MXV)

NV, IVTYP(NV), V(NV), (IVOLCM(VN,I),I=1,MXV)

The first integer on each Q card is the volume number as identified on the
isometric drawing of the geometry. The next integer, IVTYP(I), is the volume element
reference number from the Program Library of Volume Elements. The volume, V(I), of
the element is given next, followed by the NXV nodes that locate the element in the
global coordinate space. If MXV is greater than the number of nodes required for any
particular volume type, place zeros in the unneeded slots.

R. Acoustic Constants

The acoustic constants needed to complete the acoustic response deseription are
provided in this data section.

R cards: RO - Density of the fluid
CO - Speed of sound in the fluid
PREF - Reference pressure for calculation of decibels
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Acoustic Modal Data

% S.

? T.  Surface/Volume Relationships

: A master surface may or may not be associated with a single subvolume. All
other surfaces, the subsurfaces and absorption surfaces are, by definition, adjacent to
+ only one subvolume. The S cards define these relationships.

) S cards: 1, ISV(1)

F NS, ISV(NS)

' The first integer on each S card is the surface number as defined on the isometric
% drawing of the geometry. The second integer is the number of the subvolume that is
g adjacent to the indicated surface. If the surface is a master surface that extends over
: . two or more subvolumes, enter a zero.

f U.  Surface Absorption

; The wall impedance is given in the data in terms of the absorption coefficient:

¥

é a = 8 pe/Z a

where Z a is the normal surface impedance.

Tes ¥y T

The absorption coefficient for each surface and for each frequeney band is given.

i Uecard: 1, IX ' - code card
SN (ZMDATA(1,1),]=1,NTOB) - data card
. NS, IX - code card
. (ZMDATA(NS,]),I=1,NTOB) - data card
2

:

—

The IX is a code that directs the following read options:

L IX = 0 Then the surface is a master surface with subsurfaces. The read skips
to the next code card.

IX -1 Read the data card.
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The modal analysis equations use the surface impedance data and along with the
acoustic mode shape informaticn to caleulate the acoustic modal cavity damping. If
the option MOP(3)=1 is selected, the acoustic cavity damping is provided as data. This
data is entered in place of the first surface's impedance data.

In the SEA calculations, the program uses the surface absorption coefficient to S
M calculate the power absorbed by the surface. Note that acoustic damping information ,
must be provided for the entire frequency range of interest (frequency band 1 to band .
NTOB).

For ease of data entry, the wall impedance will be entered in terms of absorption
coefficient defined as

IX=0 Skip to next code card. The mass storage data is good for this surface.

: a=8 pc/Za :
3

- _’
- In the SEA calculations, the program will use this factor directly. In the modal !
‘* analysis calculations, the program will use the value to calculate the cavity damping ’
i factor. 5
g V.  Struetural Damping B
The internal energy dissipation characteristics, or damping, of each master .
& transmission surface must be given as a funetion of frequency.
V eard: 1, IX ~ code card 1 ;
(ZMDATA(I),1=1,NTOB) - data card i

- NMS, IX - code card e ;
o (ZMDATA(I),I=1,NTOB) - data card S
:” The first integer of the code card identifies the master surface. The IX is a code b ;
— that directs the following read options: o

IX =1 Read the new data card and replace over the old data in mass storage,
if any.

144

X L . . . . B 2 : : —



SEEYERISITESRIG R o

MR St N T

L

F

R

The damping is given in terms of C/C @ OF percent of critical damping.

W.  External Sound Pressure Level: Frequency Domain

The reference sound pressure level of the exterior side of each master transmis-
sion suriace is provided as a function of frequency. The reference SPL is the band-
limited perturbation pressure squared at the centroid of the master transmission
surface. The level must be expressed in decibels with the reference pressure as given
by the "R" input card. A later section will deseribe the relationship of the pressures at
other points on the surface to the reference pressure.

W cards: 1, IX - code card
(SPL(D),I=1,NTOB) - data card
NMS, IX - code card
(SPL(I) I=1,NTOB) - data card

The IX is a code that directs the following read options:

IX = O Use SPL data already in mass storage for this surface.
IX =1 Read the new data card and replace over the old data in mass storage.

X. External Pressure Field Description

Several types of external pressure fields are held in the Program Library of
External Pressure Fields. The constants needed to complete the description of the
pressure field are provided for each surface.

X cards: 1, IPF(1) - code card
(EX(1,I),I=1,NPFC) - data card
NMS, IPF(NMS) , - code card
(EX(NMS,I),I=1,NPFC) ~ data card

The first integer of each data set is the number of the master transmission
surface. This is followed by the pressure field reference number, which defines the
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type of external pressure field for that master transmission surface. If mass storage
data is available, place a zero for the field type and skip to the next code card. The
second card in each set gives the constants as defined in the Library of External
Pressure Fields. The various external pressure fields over a surface can be random or
deterministic and described in the frequency domain. It can also be deterministie and
described in the time domain. The type of external pressure field description available
for the problem often determines the type of analysis that must be conducted.

Y. Band Center Frequencies
The center frequencies of each band are given for the range of interest.

Y cards: (CENTF(I),I=1,NTOB)

The frequencies must be given cyeles per second. The program converts these
more common units to radians per second for calculations.

Z. Reverberation Time

This section gives access to a specialized routine included in VIN for the
calculation of a cavity's reverberation time. Reverberation time is defined as the time
required for the diffuse pressure in a room to decay 60 dB after the pressure-generating
source is turned off.

Z cards: IC, DT
The integer IC specifies the type of reverberation calculation to be made. Enter
a 1, and REVERB calculates the overall reverberation time. Enter a 2, and the band-

limited reverberation time is caleulated. DT is the time step for either selection.

6.11 Executive Commands

Executive commands for program collection, mass storage file management, and data
tape management have been ecombined into several program files. The user may select
the program file with the command series desired.

@ RUN - required
@ ADD, P XX.DEL - optional
@ ADD, P XX.TAPIN - optional
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@ ADD, P XX.SOURCE - required
@ ADD, P XX.DATA - required
@ ADD, P XX.EXTND - optional
@ ADD, P XX.TAPOT - optional
@ FIN - required

Required RUN card is_filled out in accordance with site requirements

Optional XX.DEL deletes all cataloged program files with the names, L0, L1, ...,

L18.

Optional XX.TAPIN represents a series of tape management commands left to the
user since the commands may vary from site to site.
saved mass storage data back into mass storage.

given in appendix D along with the program listing.

Required XX.SOURCE must be one of the following:

XX.SOURC1

1. Recompiles and maps all program routines

2. Starts program execution

XX.SOURC2

These commands should load
A sample XX.TAPIN run stream is

1. Assumes program already compiled and starts program execution

Required XX.DATA is the input data file as fully described in section 6.

Optional XX.EXTND extends the cataloged data files L0 through L18 for 8-day
retention by system. (Univac 1108 Marshall Space Flight Center, Huntsville, Alabama,

system.)

Optional XX.TAPOT represents a series of tape management commands left to
the user. The commands should load mass storage files L0 through L18 onto tape in
bulk. A sample TAPOT series is given with the program listing in appendix D.

Required FIN card completes the run in batch mode.

6.12 Finite Element Data File Preparation

A program, referred to here as FEPRP, is required to load the finite element data file
L18. Refer to the description of file L18 in section 6.7 for the required format. Since
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many finite element programs are available, each with several output options, the user
has been left the responsibility for this aspect of the data input preparation. For
illustrative purposes, however, an FEPRP routine for NASTRAN output capabilities has
been written. The commented routine is given in appendix D.
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Section 7

APPLICATION TO SPACE SHUTTLE PAYLOAD BAY

The general purpose structural/acoustic interaction model, VIN, was used in the analysis
of the Space Shuttle payload bay noise transmission problem. Three specific cases were
modeled: the OV-101 jet noise test case with empty payload bay, the OV-101 jet noise
test case with Spacelab-2 payload, and the STS-2 launch.

On January 31, 1977, at Edwards Air Force Base, an acoustie test, using two jet aircraft
as the acoustic source, was performed on the OV-10i. This well-documented test
provides the best means available to evaluate the strucetural and acoustic models
developed for the empty Space Shuttle payload bay.

The structural model for the modal analysis calculations is derived from a finite

(15)

element analysis and some "interpretation" of this data. The structural finite

element data spanned the entire modal analysis frequency range (0-80 Hz). The

structural model for the statistical energy analysis calculations was adapted from that

developed for NASA in reference 3. The SEA model in reference 3 included the bottom,
sidewall, bulkhead, and payload bay door structures. Since the payload bay doors
dominate the acoustic power input to the cavity, the structural model implemented in
VIN assumes the bottom, sidewall and bulkhead to be rigid.

The predictions of the significantly simplified structural model implemented in VIN, the
predictions of the model of reference 3, and experimental results are shown in figure 8.
The shaded area indicates the band of possible experimental error. More precisely,
deviations of predicted levels from the experimental value within the band indicated

are not statistically significant at the 1% level of significance.(le)

By this eriterion,
the simplified model used in the calculations by VIN can be considered as valid as the
more complex model of reference 3. In essence, the interior noise predictions in the
SEA region have a single driver, the payload bay doors. Details of the structural model

(3, 15)

development are presented in depth in the references. A complete input data file

for the test case is given in appendix E. It should be noted that the final door model
parameters were chosen to forece fit the experimental noise data. Model predictions
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Figure 8. Measured and Predicted Payload Bay Acoustic Levels
for OV-101, Tests 2 and 3
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based on the initial (pre-experiment) and final (post-experiment) door models are given
in figure 9. This particular figure gives clear evidence of the extreme difficulity, if not
impossibility, of accurately modeling the high frequency behavior of complex structures
without strueture-specifie test data.

Scale model tests were also conducted for NASA to examine the effects of payloads on

%))

the average payload bay noise levels. The Spacelab-2 payload was one of the

several configurations tested. Some of the experimental results are shown in figure 10.

The addition of a payload has several effeets on the acoustic response characteristies of
the payload bay. A payload reduces the volume of the acoustic space; it alters the
mode shapes of the volunie; and it increases the overall acoustic absorption of the
payload bay. A decrease in volume tends to increase the noise level. A change in
acoustie mode shapes will generally have little effect on the overall noise level in the
volume if the excitation is broadband. It may, however, cause large one-third octave
band level changes. An increase in acoustic absorption, of course, teiids to decrease the
noise level.

The analytical models implemented in VIN are theoretically capable of representing
these effects. As a practical matter, however, accurate quantitative predictions were
not achieved. In the low frequency regime, the complexity of the acoustic space around
the Spacelab-2 payload was beyond the ability of the component mode synthesis to
accurately model. In both the modal and SEA calculations, payload absorption
estimates had to be made based on data with an order of magnitude of scatter (see
reference 17). While it is clear that reasonable numbers could be chosen that would
force a fairly good mateh of the experimental results of figure 10, such an exercise is
considered meaningless.

Finally, the interior payload bay noise level for the STS-2 flight launch eonditions was
predicted. Comparison with flight data is given in figure 11. The structural model
remained as previously described except for an increase in payload bay door mass to
represent the addition of the thermal protection system. The input data file for this
case is listed in appendix E. The predictions are in reasonable agreement with flight
data considering the statistical variability associated with the small number of internal
and external microphone measurements.
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Figure 9. Noise Predictions of Alternate Door Models
for OV-101, Test 4
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Section 8

SUMMARY

A general purpose computer program was developed for the prediction of vehicle
interior noise. This program, named VIN, has both modal and statistical energy analysis
capabilities for structural/acoustic interaction analysis.

The analytical models and their computer implementation were verified through simple
test cases with well-defined experimental results. The model was also applied in a
Space Shuttle payload bay launch acousties prediction study.

The computer program will process large and small problems with equal efficiency
because all arrays are dynamically sized by program input variables at run time. A data
base can be built and easily accessed for design studies. The data base significantly
reduces the computational costs of such studies by allowing the reuse of the still-valid
calculated parameters of previous iterations. Given accurate structural and acoustic
response and exterior acoustic field data, the program will yield reliable results. The
problem facing the program user will be the determination of the input data. Except
for the most simple cases, finite element or experimental structural data will probably
be needed for the modal analysis portion of the program. The acoustic component mode
synthesis capability of the program makes the determination of the modal analysis
range acoustic response less of a problem. For the SEA model, the estimation of the
statistical energy analysis parameters, such as the joint acceptance, is required. The
joiht acceptance includes or is implicitly coupled with structural mode shape informa-
tion, structural modal density, and external (and internal) pressure distribution estima-
tion. The combined complexity of these factors usually limit the SEA method to rough
design trend studies or a post-test semiempirical modeling role. In any case, the
general purpose program VIN provides the framework needed to make use of the full
capabilities of both the modal analysis and SEA methods for vehicle interior noise
predictions.
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APPENDIX A
PROGKAM LIBRARY OF MODAL ELEMENTS

PART L VOLUME ELEMENTS
la. Volume Type 1: Parallelepiped

1b. Shape

lc. Natural Fr.—eduém’;y Equation
: M
(")mns = G T ((7;——> (}’L ) )

where C_

speed of sound in fluid

m, n, s - integer indexes for x-, y-, and z-directions, respectively

xL
yL

length of parallelepiped in x-direction

length of parallelepiped in y-direction
zL

length of parallelepiped in z-direction
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ORIGINAL Phis o
) OF POOR QUALITY
1d. Mode Shape Equation

ans CX ZS (COS MTT'X s /7_‘[ oS SiT :’>/ Dmns ,

XC ye

' where DMAS = C%—i

™
3

lifm 1
2ifm=0

lifn 1

(\n

: =2ifn=0
i 5’5 =1lifs 1
- =2ifs=0
E With Dmns calculated in this manner, the acoustic generalized mass : } g
i R
M. = 2 - - L0 1
ms = ) KRGy dv =/~ |
4 v C
le. Summary of Program Variables Associated with Volume Element Description - 5
; , NVOL - assigned volume number ‘g
OVTYP(NVOL) - volume type
: (VNODC(1,dJ,NVOL),J=1,3) - X, y, 2z coordinates of node 1 : v ST
o (VNODC(2,J,NVOL),J=1,3) - X, y, z coordinates of node 2 ok
:,;/ 3
£ (VNODC(3,J,NVOL),J=1,3) - X, y, z coordinates of node 3 i A
5 (VNODC(4,d,NVOL),d=1,3) - x, y, z coordinates of node 4 ab
e : C - speed of sound in contained fluid

0
XL,YL,ZL - primary lengths of parallelopiped calculated from

< Wi
- the node points :
1 WN(1,NWN,NVOL) -~ natural frequency of volume mode NWN I
- WN(2,NWN,NVOL) - modal index m of volume mode
z T
A2 .
o =

.




WN(3,NWN,NVOL) - modal index n of volume mode NWN i
WN(4,NWN,NVOL) - modal index s of volume mode NWN i

2a. Volume Type 2: Circular Cylinder
;

v 2b. Shape

' }
1
e
'
¥
#
Do
'
i
4
; i
N H
1

SR TR EVRSO e e o oy e

o ok e i ias

¥
% B
‘ 2e¢. Natural Frequency Equation =
s\ 2 L §
: Wmns = Co < < ’Z':—,__-) T K(\M B

where Knm is calculated by the solution to the equation:

\ SR TR {f“ WORRRE PO T
\

T(\ICK/)M'G.J = O

|
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ORIGINAL PAGT (9
OF POOR QUALITY

- integer mode numbers of the r-,8 -, z-directions, respectively

Jn(x) - Bessel function of the first kind
a - radius of eylinder
m, n,s
zL - length of ecylinder along z-axis
Co ~ speed of sound in fluid in the volume
K nm - allowed frequency constant

2d. Mode Shape Equation

F;MS <r,é[-'¢'§ = (o5 S..-'_T_g-

CUHERE

~ ()(2 z\)'/z.
= + )/

6
z

1)

cos (x/1)

Z

Yo
Kam = (Wﬂ%ﬂs/fj - <5W/2L)2>

MOBT EHAPE

Dans

1
v

2L

g Froe (710,2) clv
v

A4

—-—
—

) ces (1) S Ko * ) / Drns

/s cHosEA SueH THAT THE GENERALI PEQ MASS
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&L\ (2 ‘ n* \ 3% &
Opns = <‘TFQ> (3“ <K""‘®+("m> jﬂ(K”’“C“»z

and J'n(x)

&,

first derivative of the Bessel function Jn(x)

lifs 0

2ifs=0

l1ifn 0

Cn

2ifn=20

2e. Summary of Program Variables Associated With the Volume Element Deseription

See section e of volume element 1.

3a. Volume Type 3: Coneentrie Circular Cylinders

3b.

3c. Natural Frequeiicy Equation

e\ 2>//a
COms = Co ( ('z_f. + K/W
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.
Co - speed of sound in the fluid in the volume
zL - length of concentric eylinder
mns - modal indexes for the r-,8 -, z-directions respectively
a - inside radius
b - outside radius
r - radius to some point in the volume
. Knm - allowed frequency constant
‘ and Knm is the roots of the equation
: /
Qn ( K & > = O
3
‘ with

:A( Kam lh) ’
Ok = T ()= o (ka0

: /

Y/‘: CK/’M lO)
Jn(x) - Bessel function of the first kind

Yn(x) - Bessel funetion of the second kind

z 3d. Mode Shape Equation

: ¥

4 2

1 M= ( X %4 Y 1}

6= CDS~|<></P>

2: 2 A
Kom = ( Coms /CE = Em/=L) )

R E e N A A

Tt

Fons (F,Q,z) - COS (%‘g) cose) Gy (Kanm F)/ Dns

A6

- . L ————— e WAl AT e a2 on S NI

PR

e .. e i bt A % ol o Tr



e

P

ORIGIfeE, &)l 1Y
OF POOR CULLY

where
Tnlcknm ‘O)
G)ﬂ CK/)M (\> = Jn <K‘W F) - Yn/('(hm ) Yn < Knm F>

and Dmns is chosen such that the generalized mass

ans = "\l'/" EF’;‘; CQQ,E) av = /O
v

DMAS'((({ 8 <b - KM) Qn " <K/7m {°>
— <of 2 >®nm lm@)j

l1ifs 1

where Es

Cn

2ifs=0
lifs 1

2ifs=0

3e. Summary of Program Variables Associated With the Volume Element Description

See section e of volume element 1.
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4a. Volume Type 4: Deformed Rectangular Parallelepiped

4b. Shape ‘ »

P
i
- -
3
3 2 -— . = o -
B
&
‘

X

4c. Natural Frequency -3

= ° 77' 2 Y 1
mas = Co Cmas </+,2 £%: ( T f(zf) )/“)mns> i
NHRE

o | // SEEE
o (w C RN
A

;
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SOV
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& FoR 0,5 >Q B
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For N=0 , S>0

fen - zE <2 >/<§£

For n=0,s=0©

Ysa =

C o " speed of sound of the fluid in the parallelepiped.

4d. Mode Shape Equations

The deformed parallelepiped's mode shape will be approximated by that of a simple
" parallelepiped

Foans (X)\'/fa: Cos MITX  cos N ){ Cos 57‘2 D

| Vo

Iy;m 1
2;m=0

8n=1;n 1

2;n=0

where

and E m

M
]

I;s 1
2;s=0
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L A
Dm ns calculated in this manner forces the acoustic generalized mass: :
y
Mo =+ § F'Guzdoly = 4O
mas =T n Xyzdoly = /. %
\ o
fl
 \
4e. Summary of Program Variables Associated With the Volume Element Description .
See section 3 of volume element 1. -
PART II. OPENING ELEMENTS
: la. Opening Type 1: Rectangle
; 1b. Shape !
: N
) o
1
3 3
o
21/ - X o
! : .
le. Mode Shape Equation 3 , — i3
FAcTor FOR MODE ORDERING = C(.)/% *(ys) 3 S
= | y B
K 77 X m
¢ % (xy) = CoS EIX oo L
, o3 ((y) = C Xs. y's :
where Xs - length of panel in x-direction
ys - length of panel in y-direction -3
P; @ - modal index in the x- and y-directions respectively g
Al0
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” 1d. Summary of Program Arrays Associated With the Opening Description
IOTYP(NOO) - opening element type declarations
ONODC(MXS,3,NOO) - array holding node points
WMO(1,MWM,ISUR) - frequency factor of opening mode MWM
, WMO(2,MWM,ISUR) - modal index p of opening mode MWM
; WMO(3,MWM,ISUR) - modal index q of opening mode MWM
2a. Opening Type 2: Circle
2b. Shape
y 0
. 3
' o *1 X
i
2c. Mode Shape Equation
FACTOR Fol mIDE ORDERING = Kpp
Vf% (re) = ces(g9) \XZCng ﬂ
£ a - radius of opening
: J cl(x) - Bessel function of the first kind
g, p - mode numbers
; K @ allowed frequency constant such that
E: | J(K_a) =0
% [ q qp
All

W%c P
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WHEN P 1S el Kpg=<p+§!z -'/q} (77 /)

2d. Summary of Program Variables Associated With Opening Element Description

See section d of opening element type 1.

da. Opening Type 3: Concentrie Circle

3b. Shape

AL e P R L SR e
""W
N

x

3e. Mode Shape Equation
FacTor FoR MODT ORDZRING = KgP

V,;g (re)= cos(z8) QZ(Kgr r)

T Oyl - Ty - B
Kso T) =2 Js(K5p M) = =
AT

%(./Kgf )
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-
K P, ¢ - modal indexes for r- and O-directions respectively
) a - inside radius of opening
‘b - outside radius of opening

Jq(x) - Bessel function of the first kind

Y q(x) ~ Bessel function of the second kind
{ J'q(x) - first derivative of the Bessel function of the first kind
, Y’q(x) - first derivative of the Bessel funection of the seeond kind
{_, . K ® allowed frequency factor such that
{“ Q'q(K - a) = 0.0

and Q'q(x) is the derivative of Qq(x).

3d. Summary of Program Variables Associated With Opening Element Description

See section d of opening type 1.

PART Hl. ANALYTIC OPENING/VOLUME COUPLING, an

1. Opening Type 1/Volume Type 1: Rectangle/Parallelepiped

This analytic solution assumes the opening lies on a surface of the volume with the sides
of the opening square with the surface of the parallelepiped sides.

S s
Lgm = 7\_59 i R(x’y’,z’) % (xy) dx dy

Let A - area of opening
X' -x-a
y -y-b
z' -z-c¢

n - represents the three acoustic indexes
m - represents the two opening indexes
a, b, ¢ - coordinate transformation constants
Xs, ys - length of the sides of the opening
XV, yV, zv - length of the sides of the parallelepiped (Note that xs corresponds in
direction to xv and ys to yv.)
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CJQA,T‘O(-Q) cos PTY ok
X3

__ ‘K Cos KT Qg-—c.\ j

ys
. cos oT‘(y-bB cos 3Ty oly
O yv ys

-
—

cos Km(z-c)
ZV

. XI

2
A

AND ,l:+p: O XT = XS

AN A~P F O XL = O

AND L=P = O XT= XS/2

AN 4 +p= S 5 XI = X5

XV# XS AN PAXS 4 XT:xs/a

IF xv# Xs ApD A #FOD Anl ,,;./)(u: ?/)(50’

XVz= X3S
Xv=Xs
XV £ XS
IF XV # XS

\/0 w ° e

0= 0O AN &/xy =

XL= cos (ATa/xv)+ Xs/z
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TE XV#XS Ans Q=0 Ams L jxy # Fxs 4
F+2)
XI = sin(acena) (n+v2) () T (1/2)
IF XVEXS A GEO A Lfiv # p/xs 3

XTI = (sin(GAmmA) (—\)cp*ﬂ—— sin({ma/x)) /2

* QY G brxs) + QO 7 Cyxu - P/xs))

NHERT ‘
ALPHA = L TT XS / XV

Vi= 1/ mil/xv + TP/xS)
V2= |/ (TL/Xxv = Tp/xs)
GAMMA = AT XS/XV + A TT & /xXV

The solution for YI is analogous.

The subroutine ALIGN matches the structural and acoustic lengths and modal indexes for
the analytical solution (see source code).

2. Opening Type 2/Volume Type 2: Circle/Circular Cvlinder

This analytic solution assumes the opening is at an end of the circular eylinder.

\ 210 »
L= | | Fcee,2) talrez) rdrde

Let A

r,0,2 - opening coordinate system

area of opening

m - represents two opening indexes; p, q
n - represents three volume indexes; ijk
zv - length of the circular cylinder

z' - constant z location in volume

fo
]

radius of circle opening
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Fa(ro,2) = s KIT2 ' Cos\8 '53 (KAL r) -
N 1‘
Yn(r,0) = cosge 33 (Kgp 1) “;
| a |
/ )
L =4 COS KILE 5 SCDRACTID T |
2y Jy L
R
2m . S
y 5 cos jo cos go cle
‘ o
” with pP,q - opening modal indexes % 1
o
i,ji)k - volume modal indexes . ;
f Kji - modal constant for circular eylinder (see volume type 2) 5 %
qu - modal constant for circular opening (see opening type 2) j. f ,
1
/ —_ :
Lams 5 Coskrz’ . RT . TZ
Zv |
WHERE o §
, -
RT- ) JCk M) I3 (ke ) cedr ,
|
o
i TT - Cos & Cos g do |
z o
db
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i

F

g 3

RT - ‘i - (Kie TZ(KEP &) -5_2) (KZPCQ‘K;;@_;,(K&LQ)
(K= Ksp)

- 3—6/<K5;_ Ck)>

3. Opening Type 3/Volume Type 2: Annulous of Concentric Cirele/Circular Cylinder

This analytic solution assumes the opening is at an end of the eircular cylinder and that
the r, 9, and z coordinates of both elements are aligned.

2r b
an=-;{~f° £ Fa(rez’) m(re) rdrde

Let A - area of the opening
r,8, z - opening coordinate system
m - represents the two opening indexes; p, q corresponding to the r- and
© - directions '

n - represents the three volume indexes; i, j, k corresponding to the r-,

& -, and z-directions
zv - length of circular eylinder
z' - constant z locaton in the volume's coordinate system of the opening
a - inside radius of opening
b - outside radius of opening
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Fn(f‘,e,Z’) = cosfimz’ QOSGG) \T'(K-- F)
-—-—-—Z_v VUL

(/’m(r,e) = cos 20 Qg (Kap ~)

Qq(x) - see opening type 3
Kij - circular cylinder modal constants (see volume typé 1)

Kq p - annulous of coneentrie cirele modal constants (see opening type 3)

=L cog kme’ . TT
Lﬂm A .—-é..&-s . RI

O L e e . O R -

Saiishibt
s e i) P

WHERE L
RT = Sﬁ 3. (ky, ®) Qg (Rgpr) £ oedr
ExpPAND on R:

1 gyz(Kg,,P‘)TQ%L r) rdr~
- d%,CKEFQ f\{?(’ e 0) J; (ks ) e

g (Kgplo)

ANY

2T
= J cos(ie) (,05(39) de
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v 3 :Z AADd F0 -

RT = V() ~vz(a)
T =TT
zF [i-g| >o ¢
RI: /eO
TIT= O
IF g=g AN 3= 0O

RT = VT (b)-vrda)
= 2T

WHE RS
VI(r) = (KZPT G ?a/(Kze D)
<<w»

, _—
= 15 T Crge ©) T{(K,;; A)- Silkare) 0

NGDRGS

_°A<K2f’ 3™ Y;/(KN r) - Ks,;\(;(Kgf r) 31@(;,,-_ r))

4. Opening Tvpe 3/Volume Type 3: Annulous of Concentric Cirecle/Annulous of
Conecentric Circular Cylinder

This analytic solution assumes the opening is at the end of the concentric cireular
eylinder annulous and that the r,9, and 2z coordinates of both elements are aligned.

2w /b
=~A~f F.(re z) $n(re) rdrdeé
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area of opening
inside radius of opening
outside radius of opening

opening coordinate system

represents two opening indexes; p, q

represents three volume indexes; i, j, k

constant z location, in the volume's coordinate system, of the
opening

length of concentrie ecircular cylinder

outside radius of concentric circular cylinder

Cos Kz’ oS § 6 @\] (K;,L f‘)
ZV

cos g0 Qg (Kge M)

see volume type 3
see opening type 3
concentrie circular cylinder modal constant; see velume type 3

concentric circle modal constants; see opening type 3

Lo = -/-‘A- cos W2 L RT . TT

where

ZV

5

. i R
TT = j CoS 3@ (oS 38 de
(5]
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IF S:g AN 'Q#O ;

RL = VT(Kg Kaes3,0) = VT, ksp,5,2)

:
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PART IV. STRUCTURAL ELEMENTS: MODAL ANALYSIS

la. Structure Type 1: Rectangular Shape With Fourier Series Mode Deseriptions

1b.. Shape

le. Surface Equations

Z =00 - Surface equation
G =10 - Geometry correction factor
RJ

1.0 - Jacobian

1d. Natural Frequency Equation and Structural Constants

Natural frequencies provided as data.

le. Mode Shape

o (X)) = % 72 oBpy SN ERX SNETY

where meq

- XL
YL

coefficients of Fourier series description of mode m

SNODC(2,1,])
SNODC(3,2,I)

length x-direction
length y-direetion

No other structural constants are required.
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1f. Summary of Program Variables Associated With the Surface Element Description

ISUR - assigned surface numbei'
ISTYP(ISUR)
SNODC(MXS,3,NS)

surface type

array holding node points in the surface component
coordinate system

natural frequency of mode MWM

modal index P of mode MWM

modal index q of mode MWM

structural constants for modal analysis

WM(1,MWM,ISUR)
WM(2,MWM,ISUR)
WM(3,MWM,ISUR)

SC(NSC,ISUR)

G(x,y) = geometry correction factor

e
(5 (2]

where z = f(X,y) equation of the surface.

2a. Structural Type 2: Flat, Orthotropic, Rectangular Panel With Simply Supported
Edges

2b. Shape

L 4 5-g .
1

where the area of integration is indicated by the nodes 4, 5, and 6.
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2¢. Surface Equations

- Z
G
Ad

0.0: surface equation

B A A 4 s
ey

1.0: geometry correction factor
1.0: Jacobian

S T e

2d. Natural Frequency Equation and Structural Constants

3 2 <
1 oh R(EERE)
La@yEy (-]

Bk e

AT .

2ay

o

_ bending rigidity of structure in section perpendicular to the x-axis
- bending rigidity of structure in section perpendicular to the y-axis

3
(DX’V;(%- Dy"af}; +4Gh"/12) / 2

U*ﬁ '<U

P - D.D

P Xy

Poisson's ratio for x-direction
Poisson's ratio for y-direction

Q '<:< vﬁ

material's shear modulus

‘ h - panel's thickness

m - mass per unit surface area

P, 4 - modal indexes
xL, yL - length of panel in the x- and y-directions respectively

Note that if the panel is isotropie, the natural frequency equation reduces to

i - (&)Y

[SPST——

- o . R g e
sy il - s S K b gLl e e

(&)

5

L eaeen -

o o
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Assign D, - SC(1,Is) o
D, - SC(2,I8)

4Gh3/12 - sc(3,Is) ‘ Cd
~x - SC(4,18) "( .

—\f; - 8C(5,IS) _

| m - SC(6,IS) §
-

2e. Mode Shape Equations Bt

- n’x ‘ \ . !
%2 (x,y) = sin PTX sin g / bpz i
XL }/l—- b
Do - For P, 3 2 | ;
P2 = (=~ ;
| “ S
SREN
o
The selection of Dmn as shown yields the generalized mass: }
s

Moy = eh | GG dA = /o

R P, 2 2 |

2f. Summary of Program Variables Associated With the Surface Element Description

See section f of surface type 1.
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« [ 3a. Structural Type 3: Circular Shape With Fourier Series Mode Description
| 3b. Shape
y
)
:
X
\'i 7
3c. Surface Equations
Z =00 - Surface equation
G =10 - Geometry correction factor
AJ=1.0 - Jacobian
3d. Natural Frequency Equation and Structural Constants
v S Natural frequencies provided as data along with Fourier series data.
3e. Mode Shape
‘ Mmx X

' B
where mPSpq

+ 1 | xL
yL

e f«ximr-i' "& 7737‘“#;:;\‘:7*{3/\ L e oAt A

%\(XIY>: PZ g MB?Z s P%

2 * SNODC(2,1,I)
= xL

coefficients of Fourier series description of mode m

Since no additional structural constants are needed, NSC = 0.
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3f. Summary of Program Varigbles Associated With the Surface Element Description

See section f of surface type 1.

4a. Structural Type 4: Thin, Homogeneous, Circular Fanel

4b. Shape

4c. Surface Equations (Cylindrical Coordinate System r, &, 2)

Z =00 - Surface equation
G =10 - Geometry correction factor
AJ =r - Jacobian

4d. Natural Frequency Equation and Structural Constants

) 2.
2 Vs - (55)
ez = T | Boliro) ™

where h - thiekness
a - radius
E
Y~ - Poisson's constant
p, @ - modal indexes in the r- and @ -directions respectively

K . the roots of the equation { (SE£ rzw™ PAsE )

density

modulus of elasticity
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Tz (K3p ) To(kgeQ) = 330 4) Ts(kspc)

ST -
Asswen |

S¢
Nd

C(1LTY= h /e YE 2e(-7Y) g
2 .1)= @h

o
4e. Mode Shape Equation ;

(7??((\9) =

Jd (x)

I (x) - hyperbolic Bessel function of the first kind = i~ (J (ix)

Drs =|¢ [

- @L‘A(g ;(SZ@%PC%‘O "2(l<2,,c\3> ,%

33 (Kyp o
")ﬁp@z ©) -SZCKZP c) + '2<K2P 2 IZ(kzr) s

- Bessel function of the first kind

T o N PN

zrrj %}2 <p9> f\clrdez /2_ ;

2 Tl (3%@?"0‘%(‘_8 . “’?O(?Fr))

| Ty (Kge ©)
3 (32 <KZF &)

I%@gf%

Hercs

Mey

> (LgZCKz.«»C\B +(1 - )T (¢s, a))ﬂ

= G'A;(&;(r;e) OIA-’- /O
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4f. Summary of Program Variables Associated With the Structural Element Description

See part f of structural element 1.

5a. Structural Type 5: Frame-Stiffened Orthotropic Whole Shell

The frame-stiffened orthotropic whole shell has shear diaphram end conditions.

S5b. Shape
4 .

/ y
3
\
|

~ L

Since the whole shell is not single valued in the z-coordinate direction, the shell must
be partitioned into subsurfaces that are single valued in the z-direction. Nodes 4 and 5
are used to define the location of the subsurfaces as shown.

5c. Surface Equations (Cylindrical Coordinate System r,8, x)

r = constant - Surface equation
G =1.0 Co- Geometry correction factor
AJ =7 - Jacobian

5d. Natural Frequency Equation

The natural frequency must be determined by the lowest frequeney solution of the shell
matrix equation[‘;L'] = 0, where

(2]

a, & Kia

Yo

O\Z\ O\?.v. azg'
O\S\ 0N Cin
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033 = ’ + \)2'2 Ib” (L + an
V2 Cyp D2

2
+ (Ds‘o COZ

| : CZ?.

2 G, = G+~ Cu ( lMO)CZ)

< Cz2
e
L Qs3=Q3\ = 2~ C) ﬁ515>
T C
\
(>'\2 = q - -_6_.
4 > 32 >
.
: and p - axial modal index
o q - circumferential modal index

es - density of the skin material
b - radius of the cylinder
XL - length of the cylinder
V" - Poisson's constant for eylinder material

A3l

0w = 2m(g)s 2 CryEy

+ _(_3__‘0_60

Co2

Opy = (=1 v) Cn <Prr‘o> +(_a> N L——E—CQ
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. o

oRiGA ALY R

AND WHERE

Ags Ess I, o

C,= D, - o D, = o
TR LG ) Law o

Can - Ee, e opBefe v

Ase
QD P L

where Ag - cross-sectional area of load-bearing skin normal to axial directicn.
/ s !
AS - effective cross-sectional area of load-bearing skin normal to eir- oy ! )
i i
cumferential direction et
AF - frame cross-sectional area 5, q !
Ba p
Ig - moment of inertia of skin section normal to axial direction about ) g o
S skin-frame centroid R
IS - moment of inertia of skin section normal to ecirecumferential ;
©  direction about skin-frame centroid i

Iz - moment of inertia of frame cross section about skin-frame centroid ’ “‘i ;
=3 Y

LF - axial repeat length of frames .

Le - cireumferential length of skin :

Eg - axial elasticity of the skin B

s . . . ) L

ES - circumferential elasticity of the skin .
s . ’

EF - elastieity of the frame -
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Assign the following structural constants (NSC=6)

SC(1,)) = C

11 i

sC(2,) = C

22 'i
D

SC(3,D = Dy, :.‘

SCG,) = Y~
@s ]

5e. Mode Shape Equation in Cylindrical Coordinates (r, , z)

SC(6,I)

L

r = constant (SNODC(3,2,ISUR))

Fa(xe)= sn(Bmx) cos(30) / Dpg

SRR TR MEAEEREIGE T s S e e

WHERE L

2y X - 5 i, )
Dpy = @h f j sin* (emx) cos((3¢) olx dle :

ATEESE PR T e AEATESA T

\ . XL o
o | = '
where A = grea of shell segment
g b = lifp 0
= 2ifp=0 !
€q=1ifqg 0
=2ifq=0
THS ) RESWLTS (N ,

Mps = O (4 (x8)dA < Lo

A

A33
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6a. Structural Type 6: Frame-Stiffened Orthotropic Shell Segment

This structure type describes the motion of a frame-stiffened orthotropie shell segment
with shear diaphram end conditions at the boundries.

6b. Shape

6c. Surface Equations (Cylinderical Cordinates (r,8, x))

r = constant - Surface equation
G = 1.0 - Geometry correction factor
AdJ =T - Jacobian

6d. Natural Frequeny Equation

The natural frequency must be determined by the lowest frequency solution of the shell
matrix equation[,;('] = 0, where

Al4
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i ot s e o e dewe

i)

R R AT
R e




-

i
B
E-
o
9
)
e
3
4
?e
5

IS N

AR LS 52 LA 2O 5 B8 L
J

-

R

3

3

3

3

r

e

e

.

.
" .,
5

z
2
s
<.,
S -
o
W
B
-
N
7
3

OF POOR QUALITY
D

»
o

2

G () + 2 (2 + &4

L

Gy - (=2 C p'rrlz (z_) + @sla co%
Cz, Cas

Io sz

C(.Jz

sz = [+ D2 [Dn P__ "2 Dy (@E)@r- (zr)

V% :Q:z = (%)

O( - angular length of shell segment in radians
and p - axial modal index

cirecumferential modal index
e s - density of the skin material
b - radius of the eylinder
xL - length of the cylinder .
"W - Poisson's constant for cylinder material
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AND WHERE 5
ASS ° _ ES: ]:5 - §

C” = ES D T - s ' i

) \ . g

le (1-5% Lo (-2 S

Le(1-¥ F | P |-

!

P

where Ag - cross-sectional area of load-bearing skin normal to axial direction. 2 po

§ ‘ ;

ASe - effective cross-sectional area of load-bearing skin normal to cir- . )

cumferential direction ik ;'

Ap - frame cross-sectional area . 1

’ % B

& i

Ig - moment of inertia of skin section normal to axial direction about ]

» g% ¥ !

S skin-frame centroid : E P

IS - moment of inertia of skin section normal to circumferential -
®  direction about skin-frame centroid i b

IF - moment of inertia of frame cross section about skin-frame centroid Gl ’

e ® ; E

: 4 }

LF - axial repeat length of frames "3 ‘

: S

Lg - circumferential length of skin RS

Eg - axial elasticity of the skin B : !

s - P |

Es - circumferential elastieity of the skin - 3

Ep - elasticity of the frame ’ ’
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Assign the following structural constants

SC(1,D)

C11

b sc@,) = C

22

Dy3

SC(3,I)

sc(s,) =V

R faa it o s NRARIE AN SIS PR o RS TE 1 L 105 o 5 T SR S P2
s

~ 6e. Mode Sh tion

r = constant

4 : wﬂazs

Va2

:,@/)AZ}?Z/%)

where A

area of shell segment

™

1.0ifp 0
20ifp=0
10ifq 0
2.0ifg=0

-
N
]

T

REncg

bty
PO

m?i = et\ 'g %o; (X‘,e)) O!A

E A37
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7a. Structural Type 7: Rectangular Panel With Sine Series Mode Shape Over Specified

Modally Active Regions of the Panel

This particular surface was added to allow approximate modeling of a surface's modal
motion by dividing the surface into modally active regions for each mode. The method
was developed by a NASA contractor to approximate finite element determined mode
shapes of the Space Shuttle payload bay structures. (Pope, L. D., et al. Space Shuttle
Payload Bay Acoustics Prediction Study: Volume II, Analytical Model. NASA CR
159956, March 1980.)

7b. Shape
' yﬂ, xR | x reference plane
- =Y reference plane
.f dy |
" l
ykK

| region of integration
//[/over a subsurface of
¢ '2 the master surface
4 5 l
1 - l
L |
- dx ﬂ

modally active region of panel

+

dx - distance from x reference plane to modally active region
dy - distance from y reference plane to modally active region
xL - x length of modally active region
yL - y length ¢i modally active region

xR, yR - length from panel origin to the reference planes

The above listed parameters are placed in storage for each mode of the surface. Those
areas of the surface that are outside the modally active region are assumed to have
zero modal deflection. Recall that the modally active region may change from mode to
mode. The surface may also be curved in the z-direction as illustrated below.
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~N

>

where r is the radius of curvature (given as a structural constant) and dz is the offset of
th cirele center from the y-axis as indicated.

7c. Surface Equations

Flat: Z = 0.0 - Surface equation
G =10 - Geometry correction factor
AJ =10 - Jacobian

Curved: z = (= \/,_)Vz - D2
)
G = (iry? =y
Al= 1.0

2\
vz = (- srode(3259) )

7d. Natural Frequencies

The natural frequencies of this surface are given as data.

Te. Mode Shapes
Translate the coordinates of integration x, y into the coordinates of the modally active

region.

xC = x - (xR - dx - xL): both flat and curved surfaces
yC = y-(yR - dy - yL): flat surface
= (r cos-l(SNODC(3,2,IS)/r) +dy + yR) -t cos (y/r): curved surface

A39
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where  xL, yL - length of the modally active region in the x- and y-direction .
respectively z
XR, yR - reference point for x- and y-directions respectively “1?
dx, dy - distance from reference planes to the modally active regions ‘w
i
% (x,y) = sin( PTX /xL) S\n (2Ty/e) / Rpg
: 1
apq - combined mode shape normalization and amplitude factor such that -
WS o
- i = / ;
My = eh ) B Gy dA = /o ;
A L
xL, yL, dx, dy, and ap q may change for each mode of the structure. If x or y should fall t' :
outside the modally active region for the mode, then "}’pq(x, y) is set to zero. Also, y is A ;
the length along the surface of a curved door. S
o
71. Summgg of Program Variables Associated With the Surface Element Description ’f * 3
ISUR - assigned surface number = ﬁ !
ISTYP(ISUR) - surface type S
SNODC(MXS,3,NS) - array holding node points in the surface component ; ’
, coordinate system {
WM(1,MWM) - natural frequency of mode MWM R
WM(2,MWM) - modal index p of mode MWM : ﬁ Do
WM(3,MWM) - modal index q of mode MWM
SC(NSC,ISUR) - structural constants for modal analysis ;
SC(1,ISUR) - number of modes with BPQ type data ﬁ *
SC(2,ISUR) - radius of surface curvature (-1.0 if flat) H
BPQ(MX,NX,NSMX) - the factors for the calculation of the node shape
are read into this array in the routine DATALD R
‘ under section n. Structural constants. | '
BPQ(1,1,MWK) - frequency ?
BPQ(1,2,MWM) - p modal index placed directly into array WM E
BPQ(1,3,MWM) - q modal index | R
A40 N
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R %

. L e
O OR QUALITY !
o '
| JI. BPQ(1,4, MWM) - .normalizing factor . |
. BPQ(1,5,MWM) - amplitude factor ‘
i BPQ(1,6,MWM)
y BPQ(1,7,MWM)
BPQ(1,8,MWM)
. BPQ(1,9,MWM) - y-distance to y reference plane (dy) |

x-modally aetive dimension (xL)
y-modally active dimension (yL) o

x-distance to x reference plane (dx)

Ay T 5 W

v 8a. Structural Type 8: Flat, Orthotropic, Rectangular Panel With Clamped Edges

8b. Shape

e L

S MEDEER L S Rttt o Sl o
E A

2 )
= v
; *>- < 3 * > X o
4 1 2 Ay
»
The area of integration is indicated by the nodes 4, 5, and 6. ";
' 8c. Surface Equations =

Z = 0.0 - surface equation *; ;

G = 1.0 - geometry correction factor
Ad = 1.0 - Jacobian

8d. Natural Frequency Equation and Structural Constants

o,

a ww\\,}ﬂ\f - V‘\:’C,\ ORI R R T e

|
\

copg = T e
b‘# G bz

‘/z

B TR S TN . e s 2 T
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' N

Dx -
2(1- % %)

D’ = Ey l’\g
12()- v %y)

De = Ci
12

ny = ‘:)x\yt/ + Zbk

Ex Ey - modulous of elasticity of panel in x and y directions respectively
9

Vx NS« ~ poisson's ratio in the x and y directions respectively

G - Shear modulus
h - thiekness of panel
m - material mass per unit surface area
8, b - length of panel in x and y directions respectively

The coefficients of the natural frequency approximation are

)
Gz-.—I-SO(; > §=1 A (g-\—\/z_} ) 2>l
, > .
Hi= 1248 [ p=( and G (I-fg‘), e

5, = 1506 p=t ann (Pt '/z) - p?l

Haz 1248 591 and Gf(\—,—%z) el
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Assign
SC(1,IS) = Dx
SC(2,I8) = Dy
SC(3,IS) = Dk

SC(4,18) = YUy
SC(5,I8) = '5‘7
SC(6,IS) = m

8e. Mode Shape Equations

oo G = (cosh (e )X )= con(rp=X)
_ e (Snh (PR = SIn(T (¥R X)) )

o Ag (cos\r\('n‘(zwlz)?) - cos(T(RRADT)

_ 3 (snh(w(ana)Y) - Sn(Tg +v2) 7))

/ (D(' My g MT)

where M, = square root of the total panel mass and
Al AR 0w ] ©a
I | 0%z | 0482 | .396
2 | 0663 | oot | 439

23 (o066l | 100 437

*n is the p or q index.

Ad X = X/
Y:Y/h
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Summary of Program Variables Associated With the Structural Element Description

The mode shape is normalized such that
Mg = @h {
A

See section f of structure type 1.
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APPENDIX B
PROGRAM LIBRARY OF SEA DESCRIPTIONS

la. SEA DESCRIPTION 1: EQUIVALENT ORTHOTROPIC RECTANGULAR PANEL

Since experiments have shown the joint acceptance to vary little with end conditions,
this description is valid for all equivalent panels with simply supported to fixed
boundaries.

1b. MODAL DENSITY EQUATIONS

The modal density and average modal indexes for each band of interest are calculated

E ()
¢ XL.) (ﬁi <b><\ N 1\5

Dx - bending rigidity of structure in section perpendicular to the x-axis

by evaluating the equation

z = M\
Wpp = 7T D <\1DL ‘5#
N D AXE

S

where

Dy - bending rigidity of structure in section perpendicular to the y-axis

-(D. _+D. _+4Gh%/12) 2

DXY XX yy
D - DxD v

'\/; - Poisson's ratio for x-direction
y- Poisson's ratio for y-direction
G - material's shear modulus

h - panel thickness

e - density of panel material
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m, n - modal indexes ‘
1
; XL, YL - length of panel in the x- and y-directions, respectively. \
‘ Note that if the panel is isotropic, the natural frequency equation reduces to - :
é 2 SR
: 2 =ty m\> /0N R
Clmn = I .._...._< (ﬁ)* v ) Sy
eh
1 DR
: Assign (see also section 1d) R
f‘ D, - WMH(1,1) o
r X : ALEMEE:
s Dy - WMH(1,2) TR
: 4Gh%/12 - WMH(,3) A
- v
1 B
<~ WMH(1,4) SN
:
g~ WMHQLS) :
h - WMH(1,6) O
| XL - WMH(L,7) e
YL - WMH(1,8) P ; f
An .terative procedure is used to calculate the number of modes in each band from the B
| equation and to calculate the average value of the modal indexes in each band. § P
| .
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i le. TYPICAL JOINT ACCEPTANCE DEFINITION
f The joint acceptance must be calculated for each random pressure field type held in the
4 | program library, if possible.

0 For the reverberant pressure field (pressure field type 1),

3}}(@) = _\_.l 5{{5 sin (e (X=x") 2 (k Cy-y))
AT ) ) RGex) D
X 7 x' 7y

o SIN /’77"‘)() Q\/\(/r)vy 31/\(/},,}/) SN n;:{/)

PR ¥ S S
Brrd 2302 G M et
b PR——

NS R

ERE R B

L SRE S

dy”&lx"o{\/dx

BORWEE DAl sy 4 B PN

| where A - area of surface
H k- /C,
J The analytical relation is ;
T,}(cu‘)z VI(/)’)/XL-)CQ> . \/'I(/)/yL.)w)
with % :

V(S 8y) = (ein(T (1)) - cin(T(e- m)

2\)‘[2
(SICWCErRY + SICTE-Y)

3
:
:
3
k.
:
2
|
=
%
3

- ZWQ»
()= (-1 eos(Ta))
f TG
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: and z
cin2) - § [= CosSX iy
o o

g 2
] Si(z) = j STALS ol x
[

) ¢

@ = JQC.)/C@_W

o For the aerodynamiec turbulence (pressure field type 2),

Xy x \'

. exp{- oy Ky | y-y’\l cos (K (r-¥))

rORTERITTE ORROTENSTR T SAREA

: 3m<f!}_!;\.;_r:‘£_) sS\n mrx) Sm( T\ Sin n/rr)f
: L

o dy‘dx’dyclx

The analytical solution is

Tn(w)= -/)Li - VI (M, x1,%x Ka) - VI(n,ye 2y, ’<‘/)

~ WhErRe

F R (<)) Bxel-mx Bl sin 773
+ CG

RS Tad IR ELLYE LI A E R R S
R SR

B4

| RN BN

il SRR~ R SR pyt g = TR

UNGEEH MK‘M‘[ Kok | - 1@5 (leGex)) o1

VI (S)Q)cx)}d < A.@')( | - (—-1)0 ExP[-mx £ cos ‘n’ﬁ)

Rt

)

L e e e e . e e e it e R T
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A 2651; UG <<@<2‘(> (5/8)+ \>Z"
4@ (8/5) )

6(~5> - 8 . O{ /q 2 <0<2_,>( /,)1 .
(3m)" D) (6 >< o >

. — X (B/3) <°<2+'5(@/3>2+1>
CEY= o, (] |

NORECINEO IR

g: CQ/Q/WCO
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o For a random amplitude plane wave field.(pressure field type 3),

3,200 §§§§ cosfa cos() Cx-x")

x 7 %'y’

-[g’(@-@’)+5(m+@'>~ ~COSE%~: ws(@)(v-ﬂ]

[§@-0r)sJ(@ses)] - Sn(AEL) sn(uzx’)
is}{\(%) 3 ( %) Ay oly Ay d x

The analytical solution is
VI (N, yr, e, )
3—5@% —/T VT m,xe, e O o,y

where

N
I 73
VIC:\)Q,C'),@ = ":Tz Z(’ \> Cos Wﬁ)/

N\
L
'N
o
I\
(g

A

B6
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1d. SUMMARY OF PROGRAM VARIABLES ASSOCIATED WITH THE SEA
DESCRIPTION '

WMH(NSEAC,NTOB) -~ Array of SEA constants that may be allowed to vary with
frequency

MD(NMS,NTOB) - Array of modal densities for each band of each master surface

All SEA constants that do not vary with frequency may be backed into the first row of
the two-dimensional WMH array.

WMH(1,1) - D
WMHGJ)-Dy
WMH(1,3) - 4Gh/12
WMH(1,4) -V
WMWL&-T;
WMH(1,6) - h
WMH(1,7) - XL
WMH(1,8) - YL
WMH(2,NOB) - m, average m modal index over band

WMH(3,NOB) - n, average n modal index over band
For SEA description type 1: NSEAC = 3.

2a. SEA DESCKIPTION 2: EQUIVALENT ORTHOTROPIC WHOLE SHELL

The joint acceptance of a whole equivalent shell with shear diaphram end conditions is
given here in semiempirical form and applies to a reverberant excitation field only.

2b. MODAL DENSITY EQUATIONS

7 ‘ AT
Ne= Fl - 0 Jeoas, - Do § oo L0

: . G 88« L0
= F\ ) 0,8 bw 3 Oq CL’
= F)- 025 Do v 2D > L0
Co
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. o
where Fl1- 2*31/t .

,
Q - length of eylinder K ‘;
t - thickness of eylinder A
Cp - Tongitudinal wave speed in cylinder : ""
a - radius of eylinder ’ :l
D& - bandwidth of interest normalized to the ring frequency i )J

CO - frequeney, rad/sec oy
Li
: 2c. TYPICAL JOINT ACCEPTANCE DEFINITIONS o :
T For areverberant pressure field (pressure field type 1), - ‘
2 Ty
Tule) =@/ (4o /Coma+22) D (@) pre L
S ~:S A i
| o
ﬂ 2- 9 ey a Y
WHERT 73 (N)#M?E 185 As 1N EA Vescripmon [ Gy
wmt o xe= X b
b SR
Y= 2ma by

: where  a- radius of eylinder 2

2 - length of ecylinder

1
e e e

A - surface area of cylinder N
&l L P 1
g D) op ~ Cirtical frequeney of cylinder ;
7 :
‘i k -</C
Go - speed of sound in air

e - density of air S8

e cye ” density of eylinder .

IY\r = ecy;' k 'A ' *: :
B8

mp e R S vsias T " : Vo TR T T =
PRSN P R e R R e i S : . . R et T e e




2d. SUMMARY OF PROGRAM VARIABLES ASSOCIATED WITH SEA DESCRIPTION

WMH(NSEAC,NTOB) - Array of the SEA factors as a function of band center
frequency

WMH(1,1) - a

WMH(1,2) - §

WMH(1,3) - t

WMH(1,4) - &,  k

WMH(1,5) - Tongitudinal wave speed in cylinder

MD(IS,NOB) - Array of modal densities
For SEA description type 2, therefore, NSEAC = 1.

3a. SEA DESCRIPTION 3: DIRECT DATA

The joint acceptance and modal densities are known from some other source as data.

3b. MODAL DENSITY EQUATIONS

Modal density given directly as data for each band of interest.

3e. TYPICAL JOINT ACCEPTANCE DEFINITIONS

Joint acceptance definitions are also given as data in the order described in section 3d.

3d. SUMMARY OF PROGRAM VARIABLES ASSOCIATED WITH SEA DESCRIPTIONS

WMH(NSEAC,NTOB) - Array of the SEA faetors as a funetion of band center
frequency.

WMH(1,NOB) - RJA(NOB) = Jf,(o.)c)
WMH(2,NOB) - RJARV(NOB) = Jf,(wc yrev

WMH(3,NOB) - modal density in modes/radians/second

For this surface type, NSEAC = 3.
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APPENDIX C _ :
PROGRAM LIBRARY OF EXTERNAL PRESSURE FIELDS N
la. PRESSURE FIELD TYPE 1: REVERBERANT PRESSURE FIELD

1b. SURFACE PRESSURE CORRELATION EQUATIONS

C(xx’,y-yie) = O (xx%0) G (v -y 2

Cx CX“X,,W) = S\ (K (X=%73) :
K (x-x") o

Cyly-yied) =  n( KCy-y'))
<KCy=»")

Y SR

where the x- and y-directions are assumed separable and

[P OROSoA——

P

K=4)/e
C = speed of sound in the fluid medium

No additional constants need be assigned, so NPFC = 0 for this pressure field type.

le. GENERALIZED FORCE CALCULATIONS

If the mode shape is given by equation, the joint acceptance is generally numerically
calculated. If the mode shape is given by Fourier series, the joint acceptance with a
reverberant field can be calculated analytically. Note also that the rectangular panel
(surface type 2) has simple sin.sin mode shapes that can be analytically integrated. The
program uses the analytical calculation method whenever possible to decrease computer
computation time. o |

e vt v — s o, v < Vi Hes S FAM s e $ v o T

mx Ax Mmx NX . ’
Weds g 2202 B By Weei, o) VI(2,2)

C1
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where L
if i# and i+j is odd, N
g bR
VI—(;)J,ﬂ,C/)) :O’O LB

If i# and ij is even,

VI (i),4 w}- o g? i(acn[mB+id] - cin [77'(9*»-)1)

- ¢<C’”E"<'3+°>z C'/‘ETCQ \5)13 ,_;
If i=j, i. : ?

VI(3,5,4,60) = [CIHET(QHQ)] — cinfm (§-3)

zsw’g

'Z*l,:@ [S\[r(@a—:)j x Si[m (8 *@]

N N
i T‘Z(J -89 [] —(*‘5 Qﬁ(ﬁ )5 !

R = leo /1< | t
-2 o
cin@:=) = g

e

In all above,

and

2

C2
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- 2a. PRESSURE FIELD TYPE 2: AERODYNAMIC TURBULENCE .
2b. SURFACE PRESSURE FIELD CORRELATION EQUATION !
i
/ v v’ ) y!
s C(x-x)y-y%,63) = Cu(x-x; ) Gy’ e ,‘
1I
Y - /\ ~Y’ ‘

Cx(X-X'e5) = EXP|=Kx Kx|X-X"{[coS (K» * X))

| / /

g Cy(r=v'w)= Ex?[—-o(, Ky l Y-y ‘:( cos (Ky (y-—y’)) ,,
. :
J O(x,O(y correlation constants f»‘
5 Ky Ky - factored wave numbers !
{ !
il = !
Ex(1,1) o\x
! Ex(2,) = K /K
: Ex(3,D =

Ex(4,]) = Ky/K p
SO NPFC = 4
The correlation constants and the factored wave numbers can be varied to mateh the : ;
* field. Only a small amount of data is available regarding near field jet and rocket i
r : noise. VIN requires the user to input these factors. As a point of reference, however,
: - Cockburn and Jolly obtained the following average values for jet and rocket noise field
g impressed on the rocket itself. (1968 U.S. Air Force Flight Dynamics Laboratory
’“ report TR-68-2.) ; Co
Kx = K

mm-«m_m B RO YA TA I L bl i N U |

P
¥
k
2
f
;
;

s

K, = 0382 K
A, = 0.092
= 0.3125
Ay=0
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RGig) = 20i%4%)
7703303 DG WG -

% B (Co@—t)g +)>

NG )- (<o<+><9/ﬂ>+\> %(@/f

DSY= (Ce+) (8/:)° + \) — ‘r(é’/o
Y2

) - <z5¢=> b

- Lefre.

If i=j, then i

VI(&)L\,Q,&}KB'-: A@)(/EC”)\)e‘T&éC‘)STﬁ)
b BO) Gy e g €D

i a2 i akiee” S SE LGS L A T S

KT R AT

LR e LR
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with the x-direction parallel to the axis of the thrust and y perpendicular to the axis of
the thrust and K = &JYe with ¢ the speed of sound in the fluid medium.

2¢c. GENERALIZED FORCE CALCULATIONS

If the mode shape is given by equation, the joint acceptance is generally numerically
calculated. If the mode shape is given by Fourier series, the joint acceptance with a
pressure field of aerodynamie turbulence can be calculated analytically.

mx AX Mt X

AN AZE_E Z Z Mo B3 ¢ L(p P O‘x/k"y
VI(z,8 Y%y ,<y)

Note also that the simple rectangular panel (surface type 2) can be represented by a ene
term, where
if iA, then

. L~
VG5, 8,0, k) < AGL(1 -G € s TE)

+ BEN(YETEsnTe)

and

AL S = G ” 2l (((«’— 0B, +‘)Z— 4 @B

Z'T s D( )hc‘))
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BE3) = — () (DY)

(i) BG)

15

e S X @R EET )

AR
&
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and the other terms as previously defined in this section. § ﬁ

SAPthiaic X0 e dai i S A e P

3a. PRESSURE FIELD TYPE 3: RANDOM AMPLITUDE PLANE WAVE FIELD

3b. SURFACE PRESSURE CORRELATION EQUATIONS

C.(x—x’)y—y'} ) = Cx (x-x*, ) C/(y-y;@ Z

Cx (X-x',¢3) = CoS (‘zf(X-x ) cos e) |

Cy (y-y,03) = Cos(&=(y-r") cose)
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where ¢ - speed of sound in fuild medium
C-)o - frequency of wave

S - incidence engle of wave on surface

ASS\GN ¢
EX(1,Ts) = S

o NPFe = |

3c. GENERALIZED FORCE CALCULATIONS

Since the excitation is random, the program will require the caleculation of the joint

acceptance form of generalized force. If the mode shape desecription is by Fourier

series, the joint acceptance can be analytically calculated in the following manner.

Mx Ay mx )X

SEEE %f} me’z .

F3r

%g“’” y-¥,e9) W@HX) Sm<

Xy x v’

(“3 AL

dy‘olx’ dy dx

Cc?

e o e i kb e ey T o L - - R B P S g L

£
1
4
g
}
7 ‘A
It
9.
>
4
!
1
{
b
:
£ 9
i :
g H
4
:
[ 4




g ORGP, o0 A erE
- OF Pom cd,

“-Ei.!

The integral for the progressive wave field becomes
|
o TM@J),A Zggg BJ’E MPA
VI e, e, xne0) - VI(R,%,ve,e0)

where
if is§ and i+j is odd,

VI (4,3,4,¢9)

If i+j is even,

VI(L 3,8a): = A—d(/"‘(f")' COST@)/

7T
(i%82)(3%-8%)

ANY
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i
44a. PRESSURE FIELD TYPE 4: POINT FORCE EXCITATION
This "pressure field" type allows & direct point excitation of the structure. While it is i
not a pressure field, it must have a surface uniquely associated with it to mesh with the ‘i,
general organization of the program. ’ 1‘

4b. SURFACE PRESSURE CORRELATION EQUATIONS

Fle,e) s J(X=Xe) Fxs , )

where ’
Xo = XY, 2 <cooRDINATE :
Xg = XY CooRDINATE OF FORCE APPLICATION ;

SX%)=z ©, 1 X #x ;
= [/, X =Xg | E

@ - FREQUENcY
|
Assign

both in the surface compo-
nent coordinate system used

EX Q?—) IS) o y £ in the mode shape definition. :: |

So nPFC, - Z

Cc9

X 1

2 i

s
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4c. GENERALIZED FORCE CALCULATIONS

The force deseription can be either deterministic or random. For deterministic
excitation, the generalized force squared is

| 2 2
| Q¥ >/ = [FCre,] ™ fa O
where % ( X_; ) mode shape of structure at point X‘F ]

A modified generalized force is required in the calculation routines in the form of a
joint acceptance with an essociated S, (&): |

Tj(w) = %2@@ //}2

where A is area of the surface to which the force is applied.
r A
The /F< X;,w)/ls given in the data as the external pressure, Sﬂal Cw)

r A
Random excitation simply requires using the expected value of / F ( Xz, 2) / .
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T
F
i 10R1A 12/ 1&/83 19 11(«2,)
1 : : ,
) e C* VEHICAL INTE?IOR NOIsE PREDICTION
] "{. C& VL IN)
| 4. Cx
i Sa Cax WIN IS A CENERAL PURPOSE PHCGEAM DESIGNED FOR STRUCTURAL LACQUSTIIC
6. Cx INTERACTICN ANALYSIS OF PRUBLEM OF THE ENCLOSED CAVITY TYPE.
; 7 C*__lHE~;ﬂD5_ls—l&_AScll—L'MEL—LQ2L_EaRlRAN~—$&E—C&BE—~AS-LM£L€#ENLEQ—~
i 8. C* AND TESTcD on THE UNIVAC 1108 4T THE MARSHALL SPACE FLIGHT CENTER
! L C IN HUNTSYILLE - ALABAMA ANALYSIS AND-CODING-BY MARK R PETTITT FOR—
10. C*x FOR MSFC WITH S. GUEST AND T. NESMAN TECHNICAL PROJECT OFFICERS.
1.1 .o Cx
12, I R ey e Y T L L e L
13. COMMON MC1),ACL31,0ACLL)
o 14, COMMON/STRG23/INMUD, ISVGAL40) ,,ISVOX(40)
. - 1S COMMON. IADFA‘[IY[]D nnplux TDDFlul YM I O0UT
| 16, COMMoN/AREAZ/LDqLI L2, L3,L4,LS L6,L7 L8,L9,L10,L12,L12,L13,
172 f‘llﬂil:llﬁ.ll?lln
i 18. COMMOWAREM/ZERO EPS,B8W
19 Cﬂuua&lAR5AAAN£M*NE&f&2£»lfNlO&l?u¥l¢N$lfax¥lynXSI,NAMT,
20 » € NSHMT yMXT 4NXT,NAMMCT ,NSEACT
e 23 ANER OB NRROBNy M TAPE Y NTARE LB ANDy-MBANDy- LHB-AND
[ 22 . COMMON/ AREAG6/NMOyNGyDF QY yNISER
2.3 COMMONAAREAT AW WE-NWS
24, COMMON/AREAB/RG,CO,VOL,PREF,PI
25 COMMON/AREAQLFAC YRS I ORIy DNy UR
L 26 DOUBLE PRECISIUGN DAC
“ 27+ LHARACTER%8--LATLS
28. CHARACTER®8 UN
[ 29 PI=2.1415926
| 30. IN=5
3l I0UT =6
- 32 Cxxxx  INITIALIZE CONSTANTS
g 33 QATA W]l pWE 4N aS£T40+5+0+04
e 34, DATA MNAMMC,NOO,NOMyNMOJNLDFQY NI ER/0,0,0,040,0¢0,0,0¢0/
L. Coiesis alealx. )
{ 36 Caxua% ASSIGN FILE REFERENCE NUMBERS #%&3sxsxsfiXxdzanisiuk
! 37 L0=10
Lt1z11
L2:s12
L3=13
Lasly
L5215
Lezlb
L7:=17
L8z18
L9=19
L10=20
L11=21
L12=22
tL13:z23
Liu=24
L15:z25
Lls =28
L173=27
L18=28
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OF POOR QUALITY $

. f
Sbe LA BB RIRR RSB B SES RIS QADPATACA-RD-S A2 20 2k X g 3 K02 B R R B

STe CALL DATALDIMC(IIVTYPR)JALUIV) ACIIVTM) AC(IVNODC)4pC(IV P
88— LR G A LA LM MO LIS TV R A G T ARE A A A LS Ty oo

59 EACUISNOCC) yAC(ISORG) ¢MCUIISV) yMCIIMASSU),AC(LSC),AC(IBPC), i

e B B EMC AL H S U R L M G LTV B Gy AC I CEN TRy MO ENGF ORIy MO TN S BAT I AL 1 ZMDAT), ) 4

61. EACIIZNDAT) yMCUIIPF)yACIISPL)WACIIEX)yACUIGNODE),AC(IOTM), i :

——e bl L AL T ONO L LN AL L SORGI P AL AR EAD Ly MEA T T GEMO I ML T O M Iy MG FFSEAQ Iy 4( |

i 63. ECIIOTYP ) yMCUIIFE ) NAM NV MXV NSMX NS MXSyNMS yMNSS yNTOB ,NAMMC 4NN, 4
- __m_w*_mmuwmwwwwhm e }
" 65 e £ ACIIGNCWN) yMCUTIFEN)) R
- 66 IE(MOR A1) EQ QI DATCD DELET RS v

67 IF(MOP(1)«GTODIDATCOZKELP?® |

58 YN LUNKNOWNE k

59, IF(NPROBeEQeDeAND MOP{ 1) eEQel)UNZeNEW?

7L CoadAadAennX SEFTNE—A L —MASS - STOAGE FILES & ppywnskeaiss '

71, MNR ZNFV Sy
. T2 MREZMXV TR I YT 2Ny T4 20 3Ny T4 TUINYTENY T LAXS TR IANS T 430 3unS T2 3aNgTe £
- 73, & NST)H#2+NVTNSTENSTH+NSTH2+4NST+NSTHID+NST+NTOBT+NSTHNST+NN%3+ ‘ ;
' 14 £ NSTHEMSTH2 e NV T aMXUT SNT0E T2 a
: 75, OPENI(L 1 ,FILE="L1"yACCESS=*0IR*,RECL=MRS,RCDOS=MNR,STATUS=UN) cyt
3 76« MNR-SNEY 3 A
- 77. ILSNST%NAMT T
i 78+ LL1SuaNAMTANGT o
= 79. MRS=MAXC(IL,ILL) )
4 3g : LTS3 TaNST i)
: : 21, MRS ZMAXC (MRS, IL) 1
e A2 ORENL A F L ES 2 ALCES ST D IR RECLSMR Sy REDSSMNR S TATUSSUNS———  ~1
4 33, IFINAMT.EQ.O) GOTO 3 ce o
1 84 MNR-=3INF =gl
- 35, MRS INAMT il
: wm*~~3b.——-—————32£34k&+51L&—wk%—*&CGwS$—w34R_+REcL—uR6+Reas_u&R*SLAIuS-UN4——-__~ Pl
y ar. MNR =NFV S
] . 38. MRS “NUTaNAMT ;
: 89. OPEN(LYG yFILE='LY®,ACCESS=*DIR' ,RECL=MRSRCDS=MNR ,STATUS=UN) .
P 90 MNR =NAMTANVISNEY .
: 1. MRS INAMMCT e
: 92. LE(NAMMCTIANE o)

: 93 COPEV(LS,FILE-vLS',ACCE;S"JIR',RECL MRS, RCDS-MNR STATUS=UNI gy
4 94, MNQ RNV FaENFy .
y 954 MRS ZNAMT i
£ 96, IEANAMT JNELD) . S— :
P S7. EOPEN(LG yFILE="LE 9ACCESS="OIR"yRECLIMRS)RCOS=MNR »STATUS=YN) P
: ‘ 98.. MMQ-urugugaigugr S
100. LE(NAMT. NE_g)
% 191, &OPEﬂ(L? FILE-0L7',ACCESS“’UIR’,RECL MRS yRCDOS=MNR,STATUS=UN) :
. 1024 3 CoNglNg ‘
: 103, HNR:Q*NFS |
- 106G.a MRS =NIOET RN
105, OPENILE yFILE='LBY ,ACCESSZ"DIR" ,RECLSMRS,RCDS=MNR,STATUS=UYN)
106 MNR =Z&NES
ig7. MRS SNSMT*Z
108 IE(NSHMT LEQ.OLGOTO. 4 P
199. ‘ IPEN(L? yFILE="LS+,ACCESS=*DIR® ,RECL MRS ,RCDS SMNR »STATUSZUN ) o
110 MMQ‘\IFC*MCMT
111, MRS:NTOBT : ’ e
112 UPENILLID FILES L0 JACCESSI ' DIRY WRECL MRS S REDSTMNR LSTATUSSUNY . |
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113, MNR=NES
114, MRS = MXT#NXT*NSMT
11S. 4 CCNTINUE
116. IF(MXT, NE, Q)
441~___m——__LQREN4L421£lLk——LL2—+ACCES$——DLR—fR5CL—#RSfRCDS—&NRq$J+IUS—u&L———~
119, up_s__&s,gmurnqr
120. IF{NSEACT«NELC)
122 MNR =3%NFS
123« MRSNTQET
124, OPENILIYFILE=Z"L]4*yACCESS="DIR"yRECL=MRS yRCDOS=MNR ,STATUSZUN)
125« MNR=NES
126. MRS =ENTOB*2
[T, | -9 (]
128, MNR =NAM
— 122G e _HRSTNOOIXNMG
130, IF(NQONELD)
[P - . -9 ] S C -9 ) - - -
132. MNR =NOO*2
133. MRS SNAMINMQ
134, IFINMOJNE GO
138. EQPENALLT, FILESL]17e ACCESSZ'DIRY WRECL=MRS ,RCOS=MNR ,STATUSZUNY
136« o FILE L18 DEFINED IN DATALD IF NEEDED UNDER SECTION 0.

132,  Cawse  ALLOCATE SPACE FOE ARRAYS THAT ARE USED BOTH IN THE MODAL

138, Cx%xxx AND SEA PORTIONS OF THE PROGRAM

—139. 5 Il SMXSHIENSE NS+ NSANSC+ NMSANPECEN TOBSNSEACEMX S 53 ENOOSNOOONTOBe
14C. & NTOB+NS®*NTOB
8l e CALL ALLOCHAC, I
F 142, ISNODCZIL+1
§ 1472 IARE A ISNCIOC 4+ MXSAILNS
! 144, ISCZIAREA+NS
145 LEX =T gCaNSHNSC
; 146, IWMHZIEX+NM S=NPFC
! t4le— IONODCIIWMHANTOBXNSEAG
: 148, IAREAO=IONODC+MXS=32N0O
‘lqu- ICENTIE-IAREAQSNGO
f 150, 1ZMOAT=ICENTF+NTOB
‘ 151. IZNDAT=IZMDAT+HTOR
152. IL1SNS+NMSHMNSS+NS+NOO+NUOX 24 NMS+NHMS +NMS+NMS
g 1532 CALL-TALLOCIME, T 1
L 154, IISTYPZILI+1
B 158 . TMAQ(H‘TTS?\Ipﬁh'LQ
156, IISV=IMASSU+NMS*MNSS
1%7. I1IGTIYEPZITSV +NS
- 158, IIGEMO=IIOTYP+KCO
) IVC.Q- YNQnAT‘TTGFMO-thn;_r:
160 INSTORZINSDAT+NMS
{ 161a IISEACSINSIQR+IMS
\ 162, IIPFZIISEAQ+NMS
163, Cakis  ALLOCATE SPACE FOR THOSL ARRAYS T0 -E USeg IM THE MODAL ANALYSIg
i 164, C#%#% PORTION OF VIN CONLY
; 165, MINVANAM
166, IF{MeLToNSMX IMINSMX
162 IL2 =383 eNSeTNSe I3 RNOOe IuNOQ M XYL TANY S THT AN+ RNV SNV eNNSToNAM,
l 168, £ URNAMANY $NAMEINV+IXNSMX+ 3XNMOENOO+NTOB +NSMXEM+uX Xy X &
169 ENSMX WNTIOER2+TOBS2+NTOB
2

diotn 5 o
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1.7C. LAl ALLOCIAC . IL2Y
171 ISTMZIL2+]
N . 1.712 .. lsea[z"fs-r *1&&5
o 173, IOTM=ISORG+3=%NS
g . 174 IO0RG-I0TM:3 2T aNCD
L 175, IVNODC=IOORG+3%NOQO
N ‘ 176 JVIMZTUNOQCH MYV SNy
. 177. IVORG=IVTM+3x3%NV
-t 1.78.4 JV-IVOR G IENY
: 179. IGNODEZIVeNYV
180 IH@-&“,C".CHOQP*NNﬂg
: 132, rpnu-tuu,gguggnuu
' 183, IWMZIRMN+NVENAM
; 184, TWMOZ WM+ TANSMX
N 135S, ISPL=TwMO+ 3%xNMO*NOO
b , 1.864 IB8NDWhN=ISPL+NTOE
4 187. IBNDAMZIBNDWN+NTOB%?2
- 188, IZMLONCWMINIQE %
® 189. IAMNZIZM+NSMX
. 1.90. ISRIZTAMN M
L 191. ISPLYZIBPQ+MX*NXXNSMX
- 192. LE(NG.EQ.OIMCRIA
> 193, IF(NGeNELO)IMCPZ(NAM/NG+1 )NV
3 194 ILIMXSANS $ ML, AN EMXSENQUeNVANMS L NAMANMSAMEELMCD XNV
: 19S. CALL TALLOC(MC, IL3)
3 1-36-v— IISURCIIL3+]
; 197, IIVOLCZIISURC+MXS®NS
o 198 IIOCMI T IVOLCHMXVENY
Eo 199 IIVTYPZIIOCM+MXS*NOO
230 . CINMZIIVIYP#NY
] 201, IINDPNZINM+NMS
: . 2032 JIFECIINDPNENAM
‘ 203, IIFENSIIFE+MMS
- 234, II0PMDZYIEEN4MEE
235. CALL DATALIMC(IIVTYP);AC(IV),ACUIVTM),ac(IVNODC),AC(IV
] 206 rnp(:‘ AF:IMM_HM(‘I’T‘TVDI ACILIAREAD AP(T(TML
g : 207. &AC(IsNOCC),AC(ISORG),MC(LISV) MC(IMASSU),AC(ISC),AC(IBPQ),
i ‘——233’——m—————LuCL4+SU&C¢fMCLLLlGEC¢fACLLCE&JE¢1&LLLN3l0R+T&.LLMSOLL+fLC¢LLW%LL%
3 2065, EACULIZNDAT )Yy MCUITPF)oACLISPL)YyACIIEX) yACIIGNODE) »ACIIOTH),
% e 233 GACLTONIECI S ACLILOR REAQOI o MEA IS ENGI MG TOOM I MELIISEAD I
. 211. E(TIOTYP I ,MCUIIFE ) gNAMINY yMXVyNSMXgNS yMXSyNMS yMNSS ¢yNTOBNAMMC y NNy
I 212 ENSC NI aMXp N MEE ACLIWMR) MO LINML, NOQ  NSEAC L NREC L NAS,
A ~ 213, & ‘AC(IBNDNN),MC(IIFENH
4 w—w—~;1w’n———-——-$F4¥BAN£+€QoﬁgA“n““Yn 50
™
a 215, LNZ1
- 71&- CALL FROCALIAC(IWNY L ACII MOl s ClIWML AGITI WL ACIIW2), A0 (W3],
217. &AC(IHQ),MC(IVM),IPRE AC(IVNODC), AC(IONODC) ACI(ISNODC)
218 SACATICENTEL W MCLINSDAT I G MCINSTOR)  MCLITIVIYPY MCLIIOTYRY,
219. AL Lol IsTYP),AC(ISC).HC(IIFE)'NAM,NV,NMO.NOO.NSFX,NMS,NS MXV,
2208 Lﬁxc;M?AN“:CD:P1+NF$+H1ﬂ&+&$£+&ep+b$+e$+£x&.LN‘
221. ILY Z4%MXM ‘
222 CALL ALLOC(AC, TLuU) :
223, IWizIL4+1
2244 IW2 =T Wl +MXM
22S. IN3ZTIW2 +MXM
226, Ty sIW3+MXM
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5 | é %
223~ —=N=2 1
228, CALL FRQCAL(AC(IWN) yAC(IWMO),AC(IWM) ,AC(IWL) ACIIW2) ,ACLIN3), i
——229a  LAC(TWL} MCCINM),IPRELACLLUNODCILACIIONODC ) ACHISNODC)y — &
230. EAC(ICENTF ) 4MCUINSDAT ) yMC(INSTOR) ,MCUIIVTYP),MC(IIOTYP), K
211. Ly AL LISC) o MCLITEED) o NAMy N, NMD, ‘
232, EMXS yMBAND yCO WPI NESyNTOByNSCyIopsLB8y LIy MXMyLN) g
232, CALL FRFELAC,ILGL : ‘
234, IFINV.EC.1+0R, IPRE(1).EQ.1) GOTO 1O :
238 o NaNAIM:NCO
236, N1z=N-
237, ILUSNOMENOQ+ 2% ( NAMBSNMO) S NMOENMO
) 238, CALL ALLOC(AC,ILY) :
i 239 IEIMIX= T 4+d
i 240. IVLNMZIEIMTX+NOM®NGO :
241, IVLAMI S IVINMENIMEAMO . k
s 242, IVALZIVLNMI #NAMSNMO :
4 243, IT0T=TVAL+NMO :
¢ 244, ILYASNS =2 +N 1% N ;
JTLAE JJD;TElkyg:thVYl:FﬂV'Qer 4
o 246. CALL DALLOC(DAC,IL4A) i
i 247, e :
2 2u4¢, ' IAZID+N*%2%4 :
o _249 _WRITE(E &IDEQY,DEQY )
- 250. LNZ1 )
d . 25]. I‘E‘NEQQE Ml-‘ nn:nm )D) ;
: 292, CALL PRMCAL(AC(IVLNHI),AL(IBPO),AC(IVMNPA),AC(IRMN) AC(IVLNM), .
: 283 LACLICNILACLIZANNLGACLIRIAS S ACLTAMNY L ACLTAM0 ), ACLIOTM) L ACLIOORGIy— | |
] 254, EACUIONODC) yAC(IWM) yACIISTM) yAC{ISORG) yAC{ISNODC),AC(IWNMC), i
¢ e 255e —  SACLIWNIGACLINTIM) L ACLIVORG), s
3 256, EMCUIIOTYP) yMCIIISTYP)  MC(IIVTYP) ,MCIIMASSU) yMCLINM),MC(INSDAT), éz
3 -—_2£J*~____um_LM4u4N5lc2++L.+L&&Dua;fAc4LdNnﬁd4,AC4&C5MLaLrACLLZNSAIJ,MLLIIEE¢*~ '
: 258 SACUIEX) ¢ACCIPNMC)yMCU{TIINOPN)yAC(IAREA) AC(IAREAO) NOM,NOO,NAM, Dk
‘ 259 fNM$+&1+deuiﬂ%§$+~la&#hﬂx+&2Lc¢u§,nx+uxmguwm31ua o
oo 260, SeACIIV) JACUISC) yNSCoAC(IZMDAT)ZACIIZM) 4LN) P
o 261 . 131 CONTINUE % :
[ 262, WRITE(6 y%)DFQY :
\ : 253 . CALL MHI(‘\I(ACLLL’P\:MCL'L'u“fji-"TMTX),BA(‘(1’A1'{'1:_|‘,-ILI‘r;;lr ;
L 264, EACIIVLNM) JAC(IVLNM1) ,AC(IWN),AC(IWMO) ,MC(IIGEMO),AC(IAREACQ), .
i_ 265, EAC(IVIACLICENTE) . NAM, NAMMC NOO S NOM N1 N NMO,NY NI ,DFQY NTQB, |
4 266 ELBAND, MBAND , L16.L17.Mctzxopno).ncp,ws AC(IVAL),AC(ITOT)) L
Y 267, CALL FREE(AC,TILAY
S 268, CALL DFREE(DAC ILyA)
& 269, TN ALLOCATE SPACE EQR THrAHQQAL-A&&LxS&S_2424&51g2_£4Lcut&LLe»s_,
we 270. 12 I11=0
#‘ 271 . IE (L IOP e Qe e0RLIVPEQ UYL=
. 272 N1P=0
= 2713, NaNTGp
S 274, N1=NTOB
o 2154 IF(I1.FQa1INP=NJS
Ty 276, IF(I1.EQe1)NZNuS
¢ 217 IE LIl ECLTIN1I=D
1 278 IL“-NAMMC+NAM#NAM*NAM+NTOB+NS*NAM*N¢N*NV+N1+N1*NV*NIP
% 229, CALL »LlO0plagcsllul
: 280. IPNMCSILg +1
il R ‘ 233 o IZANNSIPNMC s NAMMC
E | 282, IVMNPAZ IZANN+NAM
; i : 2582, IVLANMSIVUMNRPA+NAN
in
P . - v e e e . P
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ORIGINAL PAGE S
OF-ROOIR-QUALITY.
— 284, IRGASTVLNM RN AN
285, ICN=IRJA+NTOB
2-86- LANSSICNANSSNAMN
287, TANSSZTIANS +N
- e 286 LBN-S-SI-ANSS-ENENV
289, IBNSSZIENS+N|
290 ztanﬁ-n‘:m((.m.amu
291, IF(NV.EQs1,0R,IPRE(1).EQ.1) GOTO 20
—e——l92 ILS=NAMENMO L NAMNINDGY
293, CALL ALLOC(AC,ILS)
28— TVENMO TS
295, IEIMTX=IVLNMO+NAMBNMO
2964 GO VPNMCLACL TUNMC Ly ACL by NAM G N ML T T opd -y
297, E£)yNMOZACCIEIMTX) ,ACCIPNMC) ¢yMCIIINOPN) JNAMMC,ACIIVLNM) 4aCtIV),
@SB _INPROBNANAMT G NYT LSy b b L1 17y MC( I IORPMO ), MCP NG
299. CALL FREE(AC,IL5)
33— CEEAECALLULA] R AL ANALY SIS PARAMETERS AND—PLAGE—ON—
301. C#s®%  CORRECT MASS STORAGE FILES
302 2oLNZ2
303, CALL PRMCAL(AC(IVLNMO),AC(IBPQ)yACIIVMNPA),aC(IRMN ) ,ACITVLNM),
30 CACLICN AL T ZANNY AC (- LRIAIACLTAMNI AL T WM I AL IO T My A LA T B ORGIy—
305. EAC(IQNODC) yAC(IWM)ACEISTM) AC(ISORG) AC(ISNOGC),ACIIWNMC),
3C-6-o fACLLuu4+#GLL¥I&4T#GL%¥eReLrAGLL¥N09G+TMGLLLGE&@LH*GLLLS¥4—~———————
307, EMCUIIOTYP) yMCCIISTYP) yMc (IIVTYP),MC(IMASSU) yMC(INM) MCIINSDAT),
308 . LMCLINSTOR I ACLIENDWM) o A LA TONOUNIp AL L CENTE )AL T ZNGAT I MO LT TRE )y
309. EACC(IEX) AC(IPNMC) MC(IINDPN) ACC(IAREA) JAC(IAREAG) ¢yNOM,NOGNAM,
3L e ENMS e HX AN S MO S Sy NT-0B - NSM A NRECy M XS Ny M X NAMME , NMO
311, EyAC LIV JACUISCI yNSCyACIILMBAT) JACIIZM) 4LN)
3L 2 e LA L BHB AL LA C I NG NN AT LT BN DMy AL L T W NME I AL T W M ACH MDA T )y —
313, EACIIZANNY yMCEINM)JACCICENTF)yMCUINSTOR) yNSyNTOBINAMyNSMYX yNMS
314, EBW ) EPS WNES IPRE MCLIISTYE),L 8,19, 36, MCLINSCAT),TOP,NPEOG)
315, LN=3
316 JFELI0PR.EQLS)IG0T0 15
317. - CALL pRMCAL(AC(IYLNMO),AC(IBPQ)yAC(IVMNPA) ,ACIIRMN),ACIIVLNM),
—ee3lpe Lt TN AC L ZANNI GACLIRIAY SACLIAMNI,ACLIWMO L, ACLIOTM ) AC{IOO0RG),-
319, EAC(IGNODC) ;ACtIWM) jAC{ISTM) ACCTISORG) yACCISNODC) ,ACIIWNMC) ,
320 . SACLIWNY A(‘(T\ITM) AC(T\IOQ")AAC(‘LUNnnt‘l MEIII_&E_M_Q_L,MF(YI(\I\
321, &HC(IIOTYP JMCUTISTYP) 4MC LIIVTYP) 4MC(IMASSU) 4MCUINM ), MCCINSpAT),
322, &&c;iu54naJ+A£445unua¢+AchanuuuLTLcLLCL&L&;,ALLLzmnA1¢,a54112£;,,
323, EAC(IEX) JACCIPNMC) yMCUIINUPN) AC(IAREA),ACI(TIAREAD) ,NOM,NOO,NAM,
324, ENMS o MX g NX 4 NS o MNSS o NT OB o NIMX S NPEL oM XS o NV M XY o NAMMC . NMQ
325. EvACIIV)ACLISC),NSCoACUIIMDAT)jactIZM),4LN)
226 WRITE 46 M JNSMX NSMX  NSMX
327, NRITE (6 y% INSMX ) NSMX y NSMX y NSHX
328 ~45_CLLL_&DLBRM¢ACL;u&&CLTAQLL¥mNQA%TAC¢LZ&N&4T*G4LR&N+r————————————
329. EACIIRJA) JACEIWM) MCUINM) JAC(ISPL),ACIICENTF ), MCIIISTYP),
330 EnmCLInSTORlyNAMT mppnwrmwwg NSMI PREE,
331, & NAM,NV,NS,NTOE,AC(IZHDAT).LBAND,MBAND,LM,LB,L9,L10)
u?. — AR LTEL g INS MY L NSMX o NSMX  NSMX oK SagX
333, 102 CONTINUE L
334 Casead LALCULATE THE VEHICAL INTERIOR NOQISE (VUIN)ipAND AVERAGE ——no
335. 11=0
336 IF{ICR EQelvORIOP EQ (3112
337, IF(I1eEQs1)CALL CALC(AC(LANS) yACCIANSS),AC(IBNS) ACIIBNSS),
338 BACLTWNNCIPAC LI ANNY G AC LI VMUNRA S A CH IRMN MO TN ACH TAREAL AL T M) o
~ 33g. EACUIVLNM) JAC(ISPL) yACUIRUA) JACIIZM) JACLICENTF ),MC(INSTOR) NV
1ug_ Lo NAMGZNS JNMS S NSMX
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11
342, gL8,L5,L10,I0UT,ACIISPLT) ,MC(IISTYP),NST) ;
383, Cowss CALCULATE THE uguxcnh.;g;ga;oa_ua;se_L¥;~¢,a£$ca£1£_£aecusucfes—— i
Ju4, I11=0 o
345, [FAT0R vE£G-+2+OR v IOREQo 131 !
3ue, IF(T1.ECQ.1)CALL OFCALC(ACIIANS),AC(IANSS), ;
W7, EACLTWNMC) yACITZANNY pACLTUMNRAL ACCIRMUI MO CINM) L ACLTAREA}ACL AN f
348, EWF, NI.AC(IVLNM),AC(ISPL).AC(IRJA),A“(IZH).AC(ICENTF).MC(INSTOR),N‘ S
349, L NSUT NAM NS NMS NSMX  NFy MCLILST i
35C. &£ VOL,RO,CO,PI,NST,L7yL8yL9,L20,I0UT,BW,ACLITBND)) |
351 & :
352, Coxa% CALCULATE THE REVERBERATION TIME o
353 IE4ICP EQebd CALL-REVERGAASLIWNME I o ACLTICNI P ACLIZNEATIpACHFENDTIy
354, &AC(IVMNPA),AC(ICENTF),NAH NTOB,LBAND MBAND yNS,RO ,yCO,VOL yBW yNPROBN
358, £ DT oNFY LACLICZANNYLIOYT,] ) ;
356. C*#*#####*#*#t#********##*####***#######**###*###*#****###*#**######* 3
357« 2 0 a3 0 XK Rk K gk 2k K0 2 K ool K A R 5 Ko 2k sk 2k otk i sl 2 K 2 Sk ok 2 o 62 e ol s g a2 2 SR K KR RN
358, Cxsdk  TRANSITION TO SEA ECUATIONS .
: 259 CALL-EREELAL L ILAL) :
j 360, 65 CALL IFREE(MC,IL3) ‘
: 251 . 4RI1IIE (o 'g;IHQANn' IHBAND :
; 362, CALL FREE(AC,IL2) ;
g 363 WRITEN6y 5 B-ANDLBAND ;
! 364, Ir (M3AND.EQ. IHBANDIGOTO 100 !
3 365, LELIOP NELLI)IGOTO 1L ;
i 366,  CHwnx !
: 3157 NV1 =NVl _ R
3 368, IL4 = (NSHNTOB ) =2 +NV+NMSuNTOB+NTOR%NY : i
« 369, E+NMSENTOB , P
370, CALL ALLOC(AC,ILY4, e
371 IRJA-IL L] , P!
372, IRJARVSIRJA+NS#NTOB ' ,
27!. 1SPLZ-IR AP‘\I«'-M‘;nNTnB H
374, IANSSZISPL+NTOBSNMS R
315 IZ2MOLI=-TANSS+NVSNTOE . u
376, IL5=NMS=NTOB P
377, CALL IALLOC(MC TiS) :
378, IMD=zILS+! ;
3719. ILS ANV Ny :
330, CALL DALLOC(DAC,IL5A) ;
381 ICZTLSA+] )
382, CALL HFREQUACUIRJA) yACIISPL)ypClICENTE)ACLIAREA), i
383 tAC(TAPFAOerCiTND).AF(T?Mnll:MClTMAQQlll_.fA(‘(TQ JARV Y o ;
384, EAC{IZNDAT! 4 MCUITIOTYP),MC (IIGEMO) ,MC(IISV),DACIIC
388, £ oNV NV, THBAND JNTOB 4MSy D0 4NMS o MNSS 4 BUWLNES ACITAN ]
386. £SS) ,ACIEX) yMBANDyAC(IWyMH) yMC(INSDAT) 4MCUINSTOR),MCIIISEAD) MC(I |
387. EIPF)  NEV NSEAC, NPEC,NPROON,MOP | 2,0 8,1 13,, 14) |
388, CALL SEAPRM(AC(IRJA) ACCIRJARV)I,MCUINMD), ;
389, E _AC(TZMOL 3, AC e ICENTR )V ACLISPL )  MBAND, IHRAND JNTQOR NMQ oDIAPE ;
390. & MCIINSTOR) yAC(IZNDAT) 4IGUT,NS MCIIISEAQ)) :
391, cALl SEARFSIsVotL yNV,PREE JNTOR .Mananruawm________ :
392, EACIICENTF),I0UT)
322, 190 CONTINUE
354, 110 CONTINUE
355 ng 111 .1210,23
396, 111 CLOSE(I,STATUS=DATCD)
3974 CALL EXIT
“ F’ ;,
B y e , -m,_ﬁwuwmuuﬂ,,)
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[ty
- .

1 ® Ct‘.‘t‘###tt#t**#*tt#**ttt####t*t#tttt#t###*tt#t‘*tttttttttt#tlt#tt##ttﬂt
2. SUBROUTINE ODATALO(IVTYP,V,VTM,VNODC,VORG,
3. SWM, ISTYP_  AREA,STM,SNODC,SORG,ISV,MASSUR,SC 4BPQ,ISURCM,
4. *IVOLCM,CENTF,NSTOR,NSDAT ,ZMOATA 4,ZNDATAIPF 4 SPLIEXsGNODE»
Se % OTM,ONODC,0QRGyAREAD 4IGEMOV,10CM,ISEAQOL,IOTYP IFE,
€e ENAMGNV o MXV G NSMX GNS yMXS yNMS ¢ MNSS yNTOB yNAMMC , NNy NSC,
Te ENOMoMX g NX oy MFE o WMH yNM ,NOO JNSEACsNPFC ,NAS BNDWN,IFEN)
Be COMMON MCI(1),AC(1)
9 COMMON /AREAL1/IOP ,MOP(4),IPRE(4) ,IN,IOUT
10. COMMON/AREA2/L0,L1,L2,L3 LU ,L5sLEsLT7+LBsLI,LI0sLLL,L12,L13,
11, € L14,115,116,0L17,L18
12 COMMON/AREA3/ZERC,EPS,BW
13. COMMON/AREAU/NFV NFS 4 NPFCT JNTOBT JNVT NSToMXVUT , MXST, NAMT,
14, & NSMT ,MXToNXT,NAMMCT,NSEACT
15 COMMON/AREAS/NPROB ,NPROBN yMTAPE yNTAPE ,LBAND ¢MBAND s JHB 2 ND
1€ . COMMON/AREAG6/NMO NG ,DFQY,NI,ER
17. COMMON/AREAT/WI ,WF ,NU¢
18 COMMON/ ARE AS/R0,CO,VOL PREF ,pI
19. COMMON/AREAS/FAC,PSIDPI DN, UP
20C. DOUBLE PRECISION FAC(S7),PSIte0),DPI,DN,UP
21. DIMENSION IVTYPENV),VINVI,VTME3,3,NV),
22 SYNODC (MX Vs Z NV I VORGIZ,NVI,WMI3,NSMX ),
23, ®ISTYP (NS ) AREAANS) ,STM(Z,3,NS),SNODCIMXS,3,NS),
24, ®SORGI IS NS eISVINS) ,MASSUR (MNSS oNMS) ,SCINSC,NS) ,BPQ(MX,
2S e ENX  NSMX), ISURCM(MXS NS)IVOLCMIMXY NV),CENTF(NTQB) ,NSTORINMS)
2€ a DIMENSION NSDATINMS),ZMDATAINTOB) ,SPLINTOB) 4ZNDATA(NTOB,NS),
27, € WMHINSEAC,NTOB) EX(NPFC,NMS) yNM(NMS) ,GNODE (NN,3),0TMt3,3,N00),
28. € ONODCIMXS,Z,NOO),00RGI3,NDO) AREAO (NOO),IGEMOVI2,N0O),
29 € ISEAO(NMS),JOCMIMXS o NOO)»JOTYPEINOO) ,IPFINMS) ,IFE(NMS) X
30. € JBNDWNINTOB,2),IFEN(MFE)
31, CHARACTER®E0 TITLE
32. CHARACTER®7S STITLE
33, CHARPACTERZ10 UN _ ;
34, DATA DPI/3.1415926358979300/,UP,DON/1.000000500,0.9959995p0/
35. INP=S ,
3€. I0UT=6
37. PI=3,1415926
38 - INZS
39. READ(INGS)ITITLE
40 S FORMAT(ASD)
41, READ(INS1C)ISTITLE
42, 10 FORMAT(ATS)
43. WRITE(IOUT,IS)TITLE
44, i5 FORMAT(*1' ,480)
45, WRITE(INUT,20)STITLE
Y 20 FORMATISX,AT7S)
47« Co*%%% A, OPTION SELECTION
48 . READ(IN,=)IX
49, READ(IN,*)IOP
SCe RgAD(INQ*)MOP
Sle READ(INy%*)IPRE
52. READ(IN, *)NPROB,NPROBN ,MTAPE,NTAPE
53 UN= "UNKNOWN®
Sk e IFINPROB oECeDe ANDeMOP(1)+EQel JUNZONEW®
55, OPEN(LO,FILE=*LD",ACCESS="DIR® ,RECL=4D,RCOS=60,STATUS=UN)
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Sto  Cxdw SECTION £OR  TAPE READ OF FIRST FILE saus S

'i 57 IF (NPRQOB ,EQ.0)GOTO 21 et
1 58. IR=1 S
i 55 REAO(LOSIRINTAPE NFVoNFS NPFCTyNTOBT yNVT,NST,MXVT, S
[ 60. £ MXST NAMT NSMT,MXT ,NXT NAMMCT ,NSEACT NPA,NSA %
! 6l IR=1+NPROSB o
P 62, READCLO*IRINN /NS ,NMS MNSS,NAS ,MXS NSMX NSC o NV oMXV, Lo
r 63. & NA".NIOB'"FE'"XQNX'NSE‘C'NPFC.N“S'NOO’LB‘ND’"BAND'I“B‘ND'RO'CO’ |
; 64 EVOL,PREF ,2ZERO,EPS.BW o
! 6Ee C*%%% B,SIZING PARAMETERS FOR NEW DATA FILE § e
. 6t 21 READ(IN,*)1IX i
: 57, IF(IX.EQsC) GO TO 25 '
; 684 READCIN,*)NFV NFS NPFCT NTOBT yNVT yNST JMXVT ,MXST  NAMT, Co !
: 69 € NSMT,MXT,NXT,NAMMCT,NSEACT
3 70, 25 CONTINUE
: 71, Ce®#% C RANGE : FREQUENCY DOMAIN
S 12, READ(IN,*)IX A !
g 73. IF(IXLEQ.0)GOTO2¢ o
: T4, ___READ(IN,*)LBANC,MBAND »IHBAND,BW !
} 75, Co¢s% 0. RANGE : DESCRETE FREQUENCY
3 7€ 2¢ READCING®)Iyx I
5 7. IF(IX.EQeD) GTo 2 b E
3 18, READ(IN, %) NI, WF o NWS {
- 79, 30 CONTINUE : |
g 83, C*#8% £, TOLERAHCES o
3 81 READ(CIN,*)IX I
k 820 IF‘IX.EOOD) GOTO 3 " :
. 83, READ(IN,*) ZEROLEPS o T
1 84 ¢ IS _CONTINYE ‘ RN
- 85 IF(NPROBLEG,0) GO TO 4B ‘ I
: 86 WRITE(6,*INTAPEJNFVINFSyNSEACT yNNyNS,NMS,NKS Ty
1 87. CHau¥ Ty
| 88 Ca%n% Fo MATRIX SIZING PARAMETERS
89, 40 READU(IN,*)IX - s
90. IF(IXeEQ.D) GO TO 45 B
91 READCIN, % INNyNSyNMS MNSS yNASyMXS NSMX yNSCyNVoMXV,NAM,NTOB, i
g 924 EMFE yMXyNXsNSEACNPFC :
: 93, C#*#»%¢ G, MULTIPLE CAVITY PARAMETERS T
1 94, 45 READ(IN,*) Iyx S
: 95 IFUIX.EQ.0) GO To Sn oo
3 9¢ READ (IN, %) NAMMC,NOO JNOM ,NMO ,NG s DF QY N1, ER |
. 97. S0 RETURN . i
S 98¢ ENTRY DATAL(IVTIYP,V,VTM,VNODC,VGRG, }
. 99, WM, ISTYP, AREA +STM,SNODC,SORG,ISV,MASSUR,SC.BPQyISURCM, I
2 100, *IyOLCM,CENTF ,NSTOR,NSOAT ,ZMDATA y2NDATA, IPF ,SPL4EX,GNODE , - ;
Y 101. * 0TM, ONODC ) 00RG JAREAO 4 IGEMOV,I0CM,ISEAQ,IOTYP,IFE, .
”‘ 102. ‘NHM'NV’”XVQNSHXQNS'HXS’NMS ,HNSSQNTOB’NAMHC'NN'NSCQ . }
. 104, DO 51 I=1,NMS I
175, S1 ISEAO¢II=O ' IR
o106, IF {NPROB4EC0) GOTO 5% o
107. Caospubt gy READ FROM MASS AND PLACE INTO MEMORY #xsxxksdgxgddidd
_1p8. IR=NPROB
109, RzAD(L1°IR)VNODC,VTM,VORG,IyTYP,0NODC,0TM,00RG,IOTYP,
11p. ESNODC,STMySORG oISTYP,V,AREAO,AREA,IGEMOV,ISV,MASSUR,NSOAT,CENTF
111. Ly IFE,ISEAO,GNODE,IOCM,ISURCM, IVOLCM ,BNDWN
112, DO S4 IS1sNS

4 . . . - cimen caemas v e - - ' :
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113, S4 NSTOR(I)I=NSDAT(I) ORIGINAL-PAGE (S
114, IFLIOPLEQ.5)GQ0TO S5
4 115, IR 24NF V4 NPROB OF POOR QUALITY,
2 116, READ(L2*IR)IZNDATA
g 117, 30 53 1=1,NuS
i 118, IRSNF S+NSDATII)
(i 119. 53 READ(LB"IRI(SC(J,I),J=1,NSC)
3 12C C % 2 o 3 ox e e e e o o ko ok o X ok o Xk ko0 ok o ok ok e ke e o a0k o ke e ok oy ol ok s xkadk ol ok o ok age ok e i e ae ot e o
: 121, S5 CONTINUE
! 122. C**%% H, OPENING/VOLUME RELAYTIONSHIPS: IGEMOV
i 123, READ(IN,#*) IX
‘ 124, IF(IX.EQeD) GO TO €5
. 125, 00 65 IX=1, NOO
3 12¢. READ(IN, *) ISUR,IGEMOV (1 ,ISUR) 4IGEMOV(2,ISUR)
127, 65 CONTINUE
! 128, Casxs I, OPENING DESCRIPTION
129. READ(IN,*)IX
é 130, IF(IX.EQeD} GOTO 70
: 131, DO 70 IX=1_NOO ‘
1 - 132, READ(IN,*)I,I0TYP(I),AREAO(I) 4 (I0OCM(J,1)4J=1,MXS)
: ) 133. 70 CONTINUE
’ 134, Cxs3% J, STRUCTURAL DATA FILE ACCESS AND STORAGE LOCATIONS
. 135 READ(IN,2>) IX
= 136, IF(IX.EQeQ) GO TO 7S
i 137. READUIN,*) (NSDAT(T),I=1,NMS)
3 138, READ(INy*) (NSTOR(T),I=1,NMS)
A 139, 75  CONTINUE
i 140, CHs#% K, GLOEBAL NODE POINTS
1 141, READ(IN,*)IX
- 142, IF(IX.EQeD) GO TO 80
%; 143, DO 80 IX=1_NN
L 144, READ(IN, %) 1,(GNODE(I,J),J=1,3)
‘}; 145, 8n CONTINUE
£ - 14€. C*s%¢ L, SURFACE DESCRIPTION
i 147, READ(IN,%*)IX
i 168, IFLIX.EQ.0)GO TO 85
: 149 . DO 85 IX=1,NS
: 150. READ(IN,®) ISURJISTYP(ISUR) ,AREACISUR), (ISURCM(TI,ISUR
B 151, 1) ,1=1,MXS)
152, 85 CONTINUE
i 153, DO 86 1<1,NMS
i 154, IF(NSDATI(I).EQ.D) GO TO 8¢
il 155 IRINSDATI(I)
15€. READ(LB*IRINM(I)
; 157. 86 CONTINUE
. 158, C*x%% M, MASTER SURFACE/SURFACE RELATIONSHIPS : ISV
159 READ(IN, *)IX
160 IF(IX.EQ.D0) GO TO 90
161, DO 93 I=1,NMS
i 162, READ(IN, ®*)IS, (MASSUR(J,IS),J=1,MNcS)
163, $0 CONTINUE
; 154 o Cx*%% N, STRUCTURAL CONSTANTS: MODAL ANALYSIS
165 READ{IN,®)IX
156 . IF(IX.EQ.01GOTO 95
| 167, D0 95 ISUR=1,NMS
168« IFENSDATUISUR) fQ.U)READ(IN,t)IS. (cClJUpIS)oJ=1,NSC)
169, IRSNFS*NSTOR(ISUR)
iﬂ -
P e
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110, IF (NSDAT(ISUR) EQeDIWRITE (LB IR)(SCUILTSUR) 3 =1, NSC) .
: 171, IF(NSDAT(ISUR) NEL,G)READIIN,*)IS BT
3 172, IFLISTYP(ISUR)(NE.7)GOTO 95 } o
& 172, IF (NSDAT(ISUR) NEZDIGOTO $5 o
3 174, DO 97 I=1,INT(SC(1,ISuUg)) !
2 178, READCIN,2) (BPQ(1,J,1),d=1,9) S
e 17¢. 97 8PQ(1,1,1)ZBPQ(1,1,1)%2,2P1 o
. 177, NM(ISUR)SNINT(SCt1,ISUR)) SRR
- 178, IRSNSTOR(ISUR)
o 179. WRITE(LL2'IRIBPQ =
- I18Ce WRITE(LG IRI((BPQA(14Jy1)3J=1,3),721,NSMX) T
- 181, 95 CONTINUE )
3 182. DO 94 ISTy,NMS
: 123, IFANSDATIIS)WECDIGOTO 94
) 184, IRSNSDAT(IS)I+NFS R
3 185, READ(LB*IRI(SC(J,IS)J=1,NSC) ‘
i 136 . 94 CONTINUE : .
3 187« Cxka® 0. STRUCTURAL MODAL pATA Loy
» 188, NFEDS=O _ ?
‘. 189, D0 $6 I=1,NMS e
s 190, 96 IFE(IN=0 . o
SR 191, READ(IN,*)Ix BEEEE
= 192, IFtIX.EQen) GOTO 101 5
4 193, READ(INs*INFEDS s
: 194, MNR=NFEDS S
i 155, MRS=E%MFE+ 2xNSMTeNSMT#3&MFE P
{ 19€ QPEN(L18,FILE="L18°,ACCESS="DIR® ,RECLZVYRS ,RCOS=MNR,STATUSZUN) oY
3 197 MMAXS(1e4MFE)&%45%1,5 SR
- 198, NMA XZMMAX R
; 199,  Cx## ASSIGN CORE STORAGE P
? 290, IF(MOPEY) o NE 1 JILIMFESMF e+ NSMXSIAMFEovMAX $NMA X4 MMAX *NMA 4 MF E SR
’ 291, & *MFEMFE L
- IF(MOP(4) W EQed JILSMFE4MFE+MFE +MFE +NSMX % TR MFE AR
203. CALL ALLOC (ARK,IL) o
; . 234, 101371+ R
; ; 295, ID2=ID1+MFE i
; 206, ID3-ID2+ MFE
4 207. IVMZID3+MFE P
: 236,  ISNZIVM¢MFE t
3 299, IXIZSISNSNSMXAMFE%3 R
- 210, IX2ZIX14MMAX ;
. 211. IYSIX2¢NMAX - L
2 212, ITKSIYSMMAXENMAX i
- 213, DO 99 I=1,NMS X
4 214, READ(IN,*JIS, IFE(TS) NFEN,SLY,SL2 . ]
— 215, IFCIFE(IS)WEQ,Q)GOTO 99 S
= 21, READ(IN,#) (IFEN(J) ,JZ1,NFEN) R
; : 217+  Cax& TEMPORARILY USE STM AND SORG TO TRANSLATE F.fe GLOBAL COORDINATES o
218+  c*&% TO SURFACE | GCAL COORDINATES Vo
i Z19. READ(IN,*) (STM(1,K,1S),K=1,3) ySQRG( 1,15} P
. 220. READ (INy %) (STM(2,K1S),K=1,2) 4SORG(2,15)
221, READ(IN,*)(STM(3,K,1S)1,K=1,3) ySORGIZ415) i
222, CALL FEDAT(IS,NFEN,NFEDS NS yNMS ¢IFE yIFEN,ISTYP,STM,SORG 4 WMyNSTOR, b
223, &€ BPQ,MOP,AREA,AC(ID1)+AC(ID2)4ACCID3),ACIIVM) ,ACIISNI AC(IX1), S
224 . € ACUIX2)9ACKITKYIZACKTIY) ;M g NXyMFE o NSMXoSLY, SL2,MMAX yNMAX,LO,L 12 ;
225« € ,L18) gy
22¢ . 99 CONTINUE 1
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227, 101 CONTINUE
228¢  Ces3¢ P, STRUCTURAL CONSTANTS: STATISTICAL ENERGY ANALYSIS o
229 READ(IN, %)IX . oy
230, IFLIX.EQ.0IG0TO 110 L
231, DO_110 IS=1,NMS K
232 00 109 I=1,NSEAC . :
233, DO 109 J=1,NTOB f
234, 109 WMH(1,J)=C,pg v
235, READ(INy%*) ISUR,ISEAQ(ISUR) r
23¢., IF (NSDAT(ISUR) NE,g)GOTO 11C |
237, IF (ISEAOCISUR) EQe3)GOTO 11C i
238, DO 135 NOE-1,NTOB o
239, READCING*)K, (WMH (J K ) yJ=1 ,NSEAC)
240, IF(WMH(1,NOB).LT.0.0) GOTO 13¢
241, 105 CONTINUE
242+ C**STORE DATA IN APPROPRIATE MASS STORAGE FILE N
243, 106 IR=NSTORIIS) i
244, WRITE(LIZI®IRIWMH ;
245. C ;
2u¢e. 110 CONTINUE
247+ C**xs® 0, VOLUME DESCRIPTION :
2ug, READ(IN,®) IX p
249, IF(IX.EQ.D1GOTC 11 ?
250. VoL=0.C !
251, DO 115 IZ1,NV . ;
252, READCIN, *INVOL sIVTYP INVOL) 4VINVOL )y (IVOLCM(JyNVOL) yUS 14 MXV) !
253, VOLZVOL+VINVOL) N
254, 115 CONTINUE .
255+  CHume R, COUSTIC CONSTANTS P
25€ . READ(IN,*)IX P
257, __IF(IX.EQ.0) GOTO 120 Lol
258, READ(IN'*)RO,CO'PREF 5
259 125 CONTINUE Lo
260. C##%%x S, ACOUSTIC MODAL DATA TR
- 261, READ(IN,*)IX i
. 262, Canxax NOT YET ALLOWED BY PROGRAM g

263, Chade
264, Cx®%% T, SURFACE/VOLUME RELATIONSHIPS

ALARE E oS R cial A

265, READ(IN,*)IX o
26€ . IF(IX.EQ.0)GOTO 3130 , :
267, DO 130 I=1,NS
268, READ(IN,*) ISUR,ISV(ISUR)
- 269, 130 CONTINUE ‘ :
3 270« C**%* U, SURFACE ABSORPTION S
% 271 REAG(IN,®)IX :
= 272. IFUIX.EQ.DIGOTO 136 :
| 273. 134 DO 135 I=1,NS
- 2T4 . READ(IN,?*) ISUR.IX
- 275. IF(IX.EQC) GOTO 135 o
! 27¢€. READ(IN,*) (ZNDATA(JsISUR),J=1,NTOB) Co
277 135 CONTINYE
27¢8. IRZ2%NF V+NPROBN
279. WRITE(L2*IRIZNDATA
280, C#x3% V., STRUCTURAL DAMPING
281, 136 READ(IN,®)IX
282, IF(IX4EQ.C) GOTO 140

283, DO 1140 I=1,NMS

e e S e e e, STES e L
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]
294, READ(IN %) ISUR,IX
235, IF{IX4EQeQ) GOTO 140
28¢€ READCIN,®) (2MDATA(J) ,J=1,NT0B)
287, IRZZ&NFS+NSTOR(I)
288, WRITE(L8*IR) 2MDATA
289, 140 CONTINUE
290,  C*%#% W, EXTERNAL SOUND PRESSURE LEVEL: FREQUENCY DGMAIN
291, READ(IN,*)IX
292, IF41IXeEQ.0)GOTO 145
293. DO 145 I=1,NMS
294 . READ(IN,#)ISUR,IX
. 295, IF(IXJEQ.C) GOTO 145
o 29%e READ(INy#) (SPL(J),J=1,NTOB)
; 297, IR 3#NFS*NSTORI(I)
o 298 WRITE(LB*IR) SPL
{ 299, 145 CONTINUE
- 300, C#*%%& X, EXTERNAL PRESSURE FIELD DESCRIPTION CONSTANTS
5 301. READ(IN, *)IX
& 302, IFCIXEQ.0) GOTO 150
. 303, 00 150 I=1,NMS
. 304, READ¢IN *) ISUR,IPF(ISUR)
] 305, IFLIPF(ISUR) EQeZ) GOTO 150
3 396, READ(INy*) (EX(JoISUR) 4JS1,NPFC)
3 307, 150 CONTINUE
éﬁ_ 208, Ca*%% Y, BAND CENTER FREQUENCIES
" 309. READ(IN,*)IX
%- 310. IF(IXEQe0) GOTO 1cs
& 311, READCIN,*) (CENTF(NOB),NOB=1,NTOB)
g 312, DO 1585 I:ltNTOB
£ 313, CENTF(ID=CENTF(T)%2.,0%P]
¥ 314, 155 CONTINUE
% 315, C=s%% 2, REVERBERATION TIME
; 316, (s
‘ 317, READ(INy*)IX
318, IF{IX.EQe0) GOTO 15¢ .
319, C3»%s GENERATE COORDINATE SYSTEM TRANSFORMATION MATRICIES
320, 156 CONTINYE
321, IFTIPRE(1)4EQel) GOTO 1110
322, CALL TRANS
223, CALL OTRANS
320,  Co%k%%  QUTPUT THE INPUT DATA
325, 111C CONTINUE
326, IF (NPROBLEQ.O) NPAZD
327. IF(NPROB +EQ+J) NSA=D
328, DO 1208 IS=1,NMS
329, IFUNSDAT(IS) eEGeTOeANDeNSTOR(IS) eNE«OoANDoNPROB «NE JNPROBNINSAZNSAS!
330, 1200 CONTINUfF
331, IF (NPROB +NE «NPROBN INPASNP A+]
332, IR=1
333, WRITE(LO IRINTAPE JNFV,NFS,NPFCT ¢NTOBT JNVT ,NST,MXVT,MXST,
B 334, £ NAMT ,NSMT ,MXT ,NXTyNAMMCT 4NSEACT  NPA,NSA
33s. IR=1+NPROBN
33¢, WRITE(LO®IRINNJNSsNMS ,MNSS yNAS o MXS o NSMX JNSC 4NV o MXV,NAM, NTOB s
337, € MFE,MXyNX,NSEACINPEC yNWS ¢NCO» BAND ,MBAND , IHBAND,RO,CO,
. 338, EVOL 4PREF y2ERQ 4EPS,EW
339, DO 1300 IS=1,NMS
340, IR=1+10+NSTOR(IS)
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&
34, IFUNSTOR(IS) e NEDIWRITE(LO IR IISTYP (IS) NMITIS)NSC,IPF(IS).LBAND . ‘
342, € +MBAND,IHEAND,NSEAC,ISEAQ(IS) *
343, 1300 CONTINUE , L
344, WRITE(&,#INV,NV,NV,NPROB,NPROBN ;
245, IR=NPROBN i
kTTI WRITE(L1"IR)IVNGDC,VTM,VORG,IVTYP,ONODCsOTM,00RG, IOTYP, ' X
347, ESNODC,STM,SORG ,ISTYP,V,AREAQ,AREA,JIGEMOV ,ISV,MASSUR ,NSTOR,CENTF . .
348, EyIFE,ISEAO,GNODE,IOCM,ISURCM,IVOLCM sBNDUWN ; K
349, DO 157 I=1,NTOB ‘ J
35Ce CENTF(I)=CENTF(1)/2./P1 J
351, 157 CONTINUE _
3152, IF(MOP(2).,EQ,0) CALL OINPUT
352, J= 2 }
354, D0 158 I=1,NOO '
355, IFCIQTYPII) EQ 32U
356, 158 CONTINUE :
357, D0 160 I=1.NV :
358, IFCIVTIYPUI) «EQ.3)U=1 ¢
359, 16C CONTINUE :
36C. IF(JeEQe1)CALL FCTCAL :
361, DO 165 I=1,NTOB '
362, CENTF (I)SCENTF (I)%2,.%P] ;
363, 165 CONTINUE :
364, 1111 RETURN r
35S, CRERR AV FEE Ry iR xgRRgyERkrlxi g drgXxy xkfg ek XXX e X ek RXRERERP T ERER KRGS ’
35&. CHRREEEEEEEREXXFAXRNEARZIEEB A FREEREREEBERERXBEAXERE IR Y ERXEE R AR E SRR R R R R % }
367, SUBROUTINE OCINPUT |
368, c* L e
369, C* CARD INPUT IS REFLECTED TO OUTPUT DEVICE : :
3710, C* Yoy
371, DIMENSION INC(Z22),VNCLT) i i
372, WRITE(IOUT, 130) oo
373 C*xs¢ L OAD AND QUTPUT DATA SET #1. E .
374, IRz} ; 4
375, READ(LOD"IR)(INC(I),I21,17) ‘ .
37¢. WRITE(IOUT,110)(INCII),I=1,17) S
377. C*%#y LOAD AND OUTPUT DATA SET #2, g
378, WRITE(IOUT,120) ? ‘
379, DO 25 J=1,NPA b
38¢. IRz 1+y { ;
381, READ(LOIR)(INCII),I=1,22),(VNCII),121,7) ! j
382, WRITE(IOUT,130) u i
383, WRITE(IOUT, 143) (INCUTI)oI=1,22),(VYNCIT},IZ1,7) : i
384, 25 CONTINYE : g
385, o TT1 LOAD AND OCUTPUT DATA sSET #3. ' " i
386, WRITE(IOUT,150) |
387. DO 50 ISS1,NSA ;
388, IRZ1+1041IS ;
389, READ(LO*IR)CINC(I),IZ1,9) i
350, WRITE(IOUT,160)T1S '
391, WRITE(IQUT, 1TOICINCIIN,I=1,S)
392, S0 CONTINUE
193, Cxuomxaxxk FORMAT STATEMENTS
394, 100 FORMAT(S5X,"DATA FILE INDEX®/SUX, sxskakasyskakihns)
395, 11C FORMATI26X,"TAPE SIZING: DATA SET #1e°//61X,°NTAPF = *,13/61X,
39¢ . E'NFYV e v . 13/61X, .
397. *'NF S = *3I13/61X 'NPFCT = *313,61%,°NTOBT = *,13/61X,
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3c8, *'NYT - ¢ T3/761X,°NST = %,13/61x%,
399. *'MXVT - v, 13/761X,"MXST = "y I3/761X "NAMT - "9I13%,61%,
400, XONSMT = o1 3/61X,"MXT - ', 12/61xy"NXT = *, I13/&1X,
. 401, EONAMMCT = *,13/61X, "NSEACT = *,I3/61X, NPA = '3 13/761x, °*NSA
1 402 £~ *,13)
f 423, 120 FORMAT(//2€Xy"BASIC PROBLEM PARAMETERS 2 DATA SET #2, *)
404« 130 FORMAT(/34X,*PROBLEM NUMBER = *,I%)
: 40S. 140 FORMAT(ELIX, NN - ', 13/61X,
3 . 40¢ . NS - * . 13/61X,° °NMS - v,12T/61X4*MNSS - ", I13/E1Xe"NAS =
407, ® ', 13/61%,"MXS - Y,I3/761X%Xy " NSMX - "2 I3/61X,°NSC - *,13/61X
406 . %, *NV - ' 12/c1X%Xs"MXV = %sJ3/ELXL"NAM - %, 13/6&1X,
‘ 409, **NTOB = G, I3/€1X,"MFE = ', I2/61X,
: 410, ®My = ts13/7€1X °NX = "2 I3,61IX,*NSEAC = *,1232/6€1X,
2 41i. *'nPFC = *,13/61X4° °NNS s *yI13/61X,°N0OO - ', 12,61X,
2 412, E°LpAND = *,13/€61X,°MBAND - *,T3/61x,°*THBAND = °*,12/6}X,
= 413, &E'RO - *,E11457€1X%,°C0 - *,E11.8/61X,°'VOL - 'L,E11.5
. 414 . §/61X, *PREF - *2E11.5/7£1X%X,°2EROQ - "3F11e5/€1X%X,EPS -
. 415, £oE11.5/61%,*BW - ",E11,.%5)
. 41€ . 150 FORMAT(//26Xs *SURFACE ELEMENTS : DATA SET #2,')
; 417, 160 FORMAT(/34X,*FILE SURFACE NUMBER =~ *,15)
;_ 418 170 FORMATIEIX,ISTYP - *,13/€1X4°NM - ® 13/761X%Xs°NSC - *.13
3 419« E/61X, *IPF = "3I2/61X4"LBAND = ",13/61X,"MBAND -~ *,I3/€1x,
- 42C. E°IHBAND 2 *,I3/6)1X,°NSEAC = *,I3/61X,°ISFAC = *,12)
: 421. WRITE(I0UT,8031)
; 422, 801 FORMAT(45X,*STRUCTURAL / ACOUSTIC INTERACTION ANALYSIS®/
2 423. YT SRR I IR L2 et T2t 22t P2t el
A 824, NRITEtyOUT,8032)
4 425, 802 FORMAT(//21Xy*INPUT DATA®//27X,%Ae OPTION SELECTION®//30X,*A1, *,°
S h2e. #ANALYSIS: ICP*)
) 427. Cxexs A, OPTION SELECTION
: 428 WRITE(IOUT,E33)1I0P
- 429 8C3 FORMAT(/34X,vI0P = *,13)
: 43pe. WwRITE(IOUT,806) MOPI(1),MOP(2) MOP(3),MOP(Y)
431. 806 FORMATI(/3I0X,"A4, SPECIAL OPTIgNS: MOP (4 )/ /38X,
: B 432 ¥*CATALOG MASS STORAGE®,23x,* = * 13/34x,*SUPRESS INPUT MIRROR®,
L 433, (27Xy® = *3123/38X4"USE EXPERIMENTAL CAVITY DAHPING*,12X,* = *,I3/
f 434 . ¥3I4Xy"USE SHORT BPQ CALCULATION ON NEW FeEe DATA = *,12)
§ 435, WRITE(IOUT,807) IPRE(1),IPRE(2),IPRE(3),IPRELY)
; R 43¢, 807 FOQMAT(/30X,%A5, PRECALCULATED DATA: IPRECH4)® /34X, ?
§ 437. sACOUSTIC RESPONSE *14X,® = *,I3/34X,*ACOUSTIC ABSORPTION®
: 438, Ty llUXy® = % I13/34X,'S/A INTERACTIQON (ALL SURFACES) = °
E' 439, %, I3/3U4X,"CENERALIZED FORCE "414X,* - *,13)
f{ 440, WRITE(IOCUT,E08) NPROBNPROBNJMTAPE JNTAPE
5‘ byl, 808 FORMAT(/30X,"AEe DATA ACCESS AND STORAGE®//34X,°NPROB = *,I3/34X
% bu2, F*NPROBN = *, JT3/34XGMTAPE = ° TI3/34Xs°NTAPE = *',I3)
;, 443, Cxkdy BeNEW DATA FILE SIZING PARAMETERS
i 444, IF (NPROB+EQeOsANDeNPROBNLEQWD) Gp TO 930
form 445, WRITE(IOUT y809INFV  NFS NPFCT o NTOBT ¢4 NVT 4 NSTyMXVT,MXST,
f . LT & NAMT NSMT MXTNXT,NAMMCT ,NSEACTY
447, 809 FORMAT(®]1*,26X,*Be DATA TAPE SIZING®*//61X,°"NFV - *,13/€e1X,
kga, XONFS = %, I3/61X,"NPFCT = * I3/61X,°NTOBT & *,I2/81X,
449, E'NVT - *,I3/61X,'NST ~ Y,13/61X,
450, **MXVT - *,13/61X, MXST = L, I3/761X*NAMT - %, 13/761X%,
4s1. S*NSMT - Y, 13/7681X,"°MXT = Y2 1I3/61X,"NXT - %, 12/61X,
452, #"NAMMCT « * J13/61X,°NSEACT - *,Ix)
453, 9Cg CONTINUE '
4S54 C3%x% C,RANGE : FREQUENCY DOMAIN.
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45S. WRITE(IQUT,810) LBAND,MPANDIHBAND .M.
R 45€. 810 FORMAT(8(/),27X4°Ce RANGE :FREQUENCY®*//elX,°*LBAND =~ °*,I3/61X,
P 4S7. B*MBAND = " I3/61X,*IHBAND = *,13/61X,°8W = *,Elle5)
Loy 458, Cassx D, RANGE : DELCRETE FREQUENCY
! 459. IF(10Pe€QeceORTOP EC 4IWRITECIOUT 812)WI,wF NWS .
g 460. 811 FORMAT(8(/),27%,°Dse RANGE : DESCRETE FREQe. '//761X,°TI -,
. é 451, L ElI.SIGIX.'HF - '.EII.SIGIX_.'NHS - *.13)
y 462, C**2%x £, TOLERANCES
463, WRITE(IOYT,812) ZEROLEPS
i 464, 812 FORMAT(8(/),27X,"Es TOLERANCES®//56X,°ZERO = * E12.5/56X,
| 465 . $'EPS - *.E11.5)
: 466, Cxesk F_ MATRIX SIZING
. 467, WRITE(IOUT,C1IINNJNSyNMS yMNSS yNAS yMXS yNSMX ,NSCo NV, MXV, NAM NTOB,
- 469, 813 FORMAT(8(/),27Xs"Fe MATRIX SIZINGS//61X4*NN - *,13/61X,
“ 470. ®O°NS - *,I3/61X,*NMg = YL I3/61XyYMNSS = * I3/61Xs°NAS -
. 0 471, ® *,13/761X,°MXS ~ *,I3/61X%s" NSMx = *,13/61X,°NSC - *,1376)>
E \1 “72. "'NV .- ',I}lﬁlX.'MXV .- .I3/61X.'NAH - '.I3lle,
g 473, **NTOB - '913/€1X,*MFE - ', I13/61X,
: 44, BIMX - ",I3/61X,°NX = *9I3/61X,*NSEAC = *,I3/61X,
475, »*NPFC - *,13)
476 Csexx Go MULTIPLE CAVITY PARAMETERS
4r7. IF (NVeEQel) GO TO 953
478. WRITE(IOUT,814) NAMMC ,NOO ,NOM,NMO,DFQY,NI,ER,NG
479, 814 FORMAT(*1°,27X+°Ge MULTIPLE CAVITY PARAMETERS®*//61X,
480. E'NAMMC = *,I3/€1X,°NCO = 913/61X,°NOM - 'I3/€lX,
481. &°NMO - * I3/61X,°DFQY - * FlO0.5/61X,°*N1 - *,13/61X%X,
482 E'ER - *4WF10eS5/761X,°NG - '13)
483, 940 CONTINUE
484, Casx=s H, OPENING/VOLUME RELATIONSHIPS
485, WRITE(IOUT,815)
48¢€ . 815 FORMAT(8¢/),27X,"Hs OPENING/VOLUME RELATIONSHIPS®*////39X,
487, £'IGEMOV OPENING®+5X4*VOLUME (TAIL) VOLUME (HEAD)* /49X,
488, AR L L NI L agnm e Xy AEGEEY )
489, DO 945 I=1,NOO
490, 945 WRITE(IOUT,816)T,IGEMOVII,I)yIGEMOV(2,1)
3 491, 816 FORMAT(SOXsI3,13X9I13,13%X,I3)
i 492. Cx*2% I, OPENING DESCRIPTION
: 493, WRITE(IOUT,817)
5 494, 817 FORMATI8(/)427Xs*I« OPENING DESCRIPTION®//41X,*OPENING®y 9X,
: 495 #°OPENING®,9Xy *OPENING*/U1X, "NUMBER® 411X ,*AREAC 12X,
4 49€ o SOTYPE® o €X/ 41X, " adtak? TX, Yoy ik ® (BX , '&xpaxgn?)
] 497 DO 950 I=1,N0OO
498, WRITE (IOUT,818) I,AREAO(I),IOTYP(I)
459 . 818 FORMAT(42X ,I3,9XsE1145+s9X913)
S00. 950 CONTINYE
. 501. WRITE(IOUT,819)
€02 819 FORMAT(//40X,*OPENING NUMBER® /40X, * st x ek ¥)
93, DO 953 I=1,NQO
€34, WRITE(IOUT,820) I
$3S. 820 FORMAT(/,27X, I13+17Xe*NODE*/328X, *ORDER NUMBER®*,7X, *XC*,13X,'YC?,
SOE . B1IXGY2C /28y, * Xty FE e 1 B2 Ak g ek ok ok L2 i3S P LT
$07. Atk )
- 508, Jg 951 Jz1,MxS
505, IFCIOCMIEJ,I)eECLO0)GOTO 951
= 510. WRITECIOUT,,821) JoI0CMIJyI),0NODClUs1,I),0NODC(U,2,1),
- Sil. XONOLCC(Je 341)
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z 512, 821 FORMAT(3I9X 9T 3s0X T 305XeE1e5+5X3E11e525XsFE11,5)
% §13. 951 CONTINUE
! S18. WRITELIOUT,228)
3 515, 228 FORMAT(//U2X"0TMX 911Xy "OTMY* 411X,y "0TMZ° 311X, "00RG /42X, *kxtn® ,
g N S1¢6., ALl " ek ®, 11X, "5ix® J1X, v5R%%’)
- 517. DC 952 K=1,3
" 513 HRITE(IOUT,BZZ)OTMlK,I.I),OTH(K.Z,I).O?M(K.S.Il.OORGLK$I)
3 519. 822 FOR"AT(39X ,EID.Z,SX 'Elﬂ.Z'SX"ElDOZ’SX vE10.<)
. 520 952 CONTINUE
: 521 953 CONTINUE
g _ $22e C**»% J., STRUCTURAL DATA ACCESS AND STORAGE
. 523. WRITE(IOUT 823)
: 24, 823 FORMATI(B(/),27X9"Je STRUCTURAL DATA ACCESS AND STORAGE®*//49X,
v §25. **PROBLEM®* /49X, "SURFACE®*/49x 4 *NUMBER "y 10X, *NSDAT v, 11X, *NSTOR® /49X,
; S52€ . AR REEEEEY  GX,y O xIABY L 11X, THAREET)
" 527. DO 954 I=z=1,NMS
- 528, WRITE(IOUT,824 )T ,NSDATLI),NSTOR(I) ~
3 529, 824 FORMAT(SOX,I3,13XeI3+13X%,13)
3 5§30, 954 CONTINUE
- §31e. C*xsx K, GLOBAL NODE POINTS
?. £32s WRITE(IOUT,825) _
> 533, 825 FORMAT(8(/),27Xs*Ke GLOBAL NODE POINTS®*//43X,°NODE*/42X, *NUMBER®,
3 534, BL2X 9t X 912X, VY 12Xy 2 /42X 2 kkndn 88X , " nnunpnnnn®, IX,
9 §35. O EAE R EEEY IA TR G ERRXRKEE )
. 536 00 955 I=1,NN
; $37. WRITE(IOUT,B82€¢)I,GNOpDFtI,1),GNODECI,L2),GNOCE(I,3)
; ____S38, 826 FORMATIUIX T3, 10XyE21e5,3XsE1145,3X,E11.5)
7 £39. 955 CONTINUE
' suQ,  Cox#% L, SURFACE DESCRIPTION
: 541, WRITE(IOUT,62T)
? S42. 827 FORMAT(81/),27Xs"L s SURFACE DESCRIPTION®//41X,"SURFACE®, %X,
; 543, # SURFACE® 99Xy *SURFACE® /41X *NUMBER® 11X, "AREA®, 12X,
5 S44, EOTYPE /L IX g "0 xdxgrr ® o TX o "ty ® QX , % xiroky )
: 545, DO 95€& IZ1,NS
: S4¢€. WRITE(IOUT,82g8) I,AREA(I),ISTYP(I)
g 547. 828 FORMAT(UZ2X 4I399XsEL11,5+9%X,13)
g SUB . 956 CONTINUE
3 549, WRITE(IOUT,829)
: 550, 829 FORMATI//SX,*SURFACE NUMBER */5X , *stsudxgiiuins ¥)
2 551. DO 958 I=1,NS
= 552 IFLISTYPII) EQLD)GOTO 958
. 553. WRITE(IOUT,83C) 1
S -1 830 FORMATI/,27X,I13,17X, NODE*/ 38X, 0RDER  NUMBER®,7x, *XC*,13X,°YC",
k 555 BLIXGY2CT /38X, " wrkx i 232 2 gAY BRAR XA XRY SRk
L 556 . AsHBEY)
= 557 DO 957 J=1,MXS
- 558, WRITE(IOUT,831) JyISURCMI(J,I) ,SNODC(J,1,1),SNODC(Jy241),
: €59 ¥SNODClJy 3, 1)
56n. 831 FORMAT(39X.I3q5x.13,5Xo-‘:11.S-SX,EII.S.SX.EII.S)
€61, 967 CONTINUE
562 WRITE(IOUT,832)
5¢3. 832 FORMATU//762X, v STMX " 911X 9 "STHY " 911X *STMZ®* 11X, SORG /42X, *hkin?,
564, ALLIX " lted® 11X, %%u®, 11X, " s%kke)
5€5. DO 658 K=1,3
S66 . WRITE(IOUT 833 )STMIK 91 9T) oSTMIK929I1)oSTMIK,3,I)4SORGIK,I)
567 833 FORMATI39X,E10e2,85X |E1002'sx'51002’5x’E!OoZl
. 568, 958 CONTINUE
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S69. Coeex M, MASTER SURFACE/SURFACE RELATIONSHIPS

£70. WRITE(IOUT,834)
f 571 834 FORMAT(8(/),27TXy"™M, MASTER SURFACE / SURFACE RELATIONS®/Z/4€X,
i S72. ®YMASTER SURFACE®",11X,*COMPONENT SURFACE*, 4€EX, "k2xnnshknnssnk®, 11X,
) 872, Yok ekl ko k ik ¥ )
y 574, DO 959 1=1,NMS
i €75 » WRITE{IOUT,E835)T ,MASSURI(1,1)
576« 81s FORHAT(/SIX.I3,ZQX,I3)
\ 577 DO 959 J=2,MNSS
578 WRITE(IOUT,836) MASSURItU,I)
§79. 836 FORMAT(78X,1I3)
580. 959 CONTINUE
P 581. Co*#3% N, STRUCTURAL CONSTANTS : MODAL aANALYSIS
é : 582, IF(IOP.EQ.S) GOTO 96l
‘ 583 WRITE(IOUT,837)
584, 837 FORMATIB(/),2TXy"Ne STRUCTURAL CONSTANTS®*//S5Xe"SURFACE®o€X,
] 585, A'CONSTANTS®/SEX " obkidh®  £X, *XRBandukhnn® )
! 8¢ . DO 961 I=1,NMS
$87. IFCISTYP(TI)ZEQ . NIGOTO 9¢l
' $88. WRITE(IOUT,838) I,SCt1,1)
: €89, 838 FORMAT(/STXe13,8XeE11e5)
t $90 DO 960 J=2,NSC
€91, WRITE(IOUT,839) SctJel)
§92. 839 FORMAT{E68X4EL1Lla5)
593 960 CONTINUE
594 . 961 CONTINUE

| 595, CHs%%% 0, STRUCTURAL MODAL DATA
. 596 . Conax
o 597 c NO OUTPUT HERE
£98 o Crnns
T 599, CH*%%x P, STRUCTURAL CONSTANTS : STATISTI-AL gNERGY AMA[YSIS

o €00, IF(M3ANDEG.IHBANDIGOTO 9€9

) 601 ___IF{IOP.NE41) GOTO 969

. 602, WRITE(IOUT,E43)

: €03, 843 FORMAT(8(/),27Xs°Ps STRUCTURAL CONSTANTS : SEA*//1CX,
604, € ®SURFACE", 20X, SEA CODE®/10X " %bksxek ¥ ,20K o e dask?)
605, ___IrO=D
€06 DO 969 IS=1,NMS
€07, IF(ISEAO(IS)JEGeD) GOTO 569
608, IRSNSTORIIS) ,
609, IFCIR.EQeIROIWRITE(IOUT,2844)IS,IS=1

! el0. IF(IREQIROIGOTO 969

o 611, READ(LI3*IRIWMH
€12, WRITE(IOUT,844)IS,ISEAQIIS)

; 613, IRO=IR

- €14, 844 FORMAT(//912XsI3425X,13) ' ; i

f 615, 1844 FORMAT(SX,*0ATA FOR SURFACE = *,I3,° SAME AS FOR SURFACE =~ *,13)
€16 D0 969 NOBE=1,NT08

i 617, WRITE(IQUT,*) (WMH(J,NOB),J=1,NSEAC)

L 6lge 9€9 CONTINUE

619. Cxhexk
620, Cx%%%x Q, VOLUME DESCRIPTION

; €21 WRITE(IOUT,845)

{ £22a 845 FORMAT(8(/),27Xy»'Qs VOLUME DESCRIPTION®//41X,*VOLUME®,26X,
623, A® yOLUME* /41Xy *NUMBER® 410X, *VOLUME *, 11X, TYPE"®

I- €24, AZG LX) "k ® o EX o "B MBRARUR® (BX , Y xBaRXE )

' €25 DO 97C I=1,NV
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€26, L WRITE(IOUT,846) T,VI(T),IVIYP(T)
627, BU6 FORMAT(U2X,13,9X,E1145,9X,1I3) "
€28, 970 CONTINUE , , : :
629, WRITE(IOUT,847) ' e
; €30, 847 FORMAT(//SX,* VOLUME NUMBER®/SX, *#xsxkshsssnsn’) S
: €31, 00 973 I=1,NV -
T 632, WRITE(IOUT,848) 1 C
. ¢33, BUB FORMAT(/,27Xs13,17X,°NODE*/ 38X, "ORDER  NUMBER®,7X, *XC®,13X,*YC*y -~ . |
. 34, AL2X,*2C% /28X,y * wknskx oo o et e o o o R EEE
€35, Asxsex®)
€3¢, DO 971 J=1,MXV ps
€37, WRITE(IOUT,849) JsIVOLCM(JyI)o,UNODC(JselyI)yVNODC(Jy2,1), i
S 638, By NODC(Jy3,1) :
“ 639, 849 FORMATI39X,I3,5X,13,5X9E10e2,5X,E10e2,5X,E1002) e
&40, 971 CONTINUE S
€41, WRITE (IOUT,850) ,
© €42 8S0 FORMATU /42Xy "NTMX® o 11X, oVTIMY* 422X, "VIMZ® 411X, VORG /42X, " enus?, : i
643, ALIX, ®hia® 11X ,%@xa8® 11X, ca2x9) o
. €44, DO 972 K=1,3
; T€4s, WRITE(IOUT,851)yTM(K,1,T),VIM(K,2,1) VTMIKs341)sVORG(K,T) e
3 646 851 FORMAT(39X,E10¢2,5X,E1002,5X:E1062,5X2E102) , I
3 647, 972 CONTINUE S
- 648, 973 CONTINUE Lo
649, Cos%e R, ACOUSTIC CONSTANTS R
WRITE(IOUT,852) RO,CO,PREF O
862 FORMAT(8(/),27X,'Re ACOUSTIC CONSTANTS®//34X,°RO = °*,E11.5/734X, - |
#'C0 = ", E1145/34X,°PREF = * E£742) I
ca®%% S, ACOUSTIC MODAL DATA L
Casu S B B
Cxo#s T, SURFACE/VOLUME REALTIONSHIPS b
Cxken 1y bl
WRITE(IOUT,854) LM
854 FORMAT(B(/),27Xy*Ts SURFACE/VOLUME RELATIONSHIPS®////35X,
€ '1ISvV SURFACE® ,5X, "ADJACENT VOLUME®/ 49X, *sxsxasx®, o
£ 5X, " adthrusaexandax?) Ty
D0 979 1=1,NS | 18

NRITE(IOUT,855)I,ISV(I) ».
979 CONTINUE
IF(IOP.EQ,S5) GOTO 111 ¢
IF(MOP(3).EQ.1)GOTO 981
Cxx2% U, SURFACE ABSORPTION i
WRITE({IOUT,856)

856 FORMAT(8(/),27X,'Us SURFACE ABSORPTION')
DO 981 I=1,NS ]
HRITE(IOUT.BS‘H |
857 FORMAT(/U42Xy*SURFACE " 47X, "FREQUENCY *,12X,°L 0SS rgcron'/azx.'¢¢¢¢¢~ i i
AS O TN, Pty g IX o " HRXB IR AARAB KBRS ) ) C
|

vegzre 2

L

griyronnrod

[INE

WRITE(IOUT,856)I,CENTF(1),ZNDATALL,1])
858 FCRMATIUU4X,I3)9XyE11e599X,E1665)
DO 980 J=2,NT0B

e
e A

LIE

WRITE(IOUT+859) CENTF{J),ZNDATA(d,1) .
8S9 PORMAT(S56X,E115,9XsE16e5) e
980 CONTINUE P
981 CONTINUE :
IFIMOP(3) NEs1) GO TO 982 T
WRITE(IOUT,860) 0
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. €83, 860 FORMAT(8(/),27X,Uas CAVITY DAMPING (EXPERIMENTALL®//48X,

€84, A'FREQUENCY (HZ)®,9Xy°LOSS FACTOR®/5CX ,easkdonkgix®, SX,
685 e AV xkxakkdkap ko ki ¥ )
686, DO 982 IS1,NT@B

€87 WRITE(JOUT,861) CENTF(I).ZNDATA(IL1)
€88, 861 FORMAT(/SOXyE11le599X9EL1665)
€89 982 CONTINUE
€90, C*ss». VvV, STRUCTURAL DAMPING
€91, WRITE(IOUT,862)
692 862 FORMAT(B(/),27Xy*°Ve STRUCTURAL DAMPING®*//8ZX,*SURFACE®y7X,
693, A*FREQUENCY®,12X,"DAMPINGIC/CCI®/42X o "o tunnn® ,TX, ‘axstntsnk’ 09X,
€94, AV ok ax sk ok isox ¥ )
€95 o IR0O=J
€9¢ » DO 984 I=1,NMS
€97, IRS2&NFS+NSTOR(I)
€98 . IFUIRMEQWIROIWRITE(IOUT 18633 ,1I=1
£99. IF(IRLEQ.IROIGQTO S84
780. READ(LB*IR) ZMOATA
7C1. WRITE(IOUT,863) ILCENTF(1),2M0ATA(L)
702. 863 FORHAT(/“‘0)(.13.-9)(.611.5.9)(.516.5) .
7803, 1863 FORMAT(S5X,°DaTA FOR SURFACE = *,I3,* SAME Ac FOR SURFACE = °*,13y
7% . IROZIR
705 DO 983 J=2,NTOB
7% « WRITE:IQUT,,864) CENTF(J) ,ZMDATA(J)
737, 864 FORMAT(S6X,E11e599XsE16465)
708, 983 CONTINUE '
739, 984 CONTINUE
710, Cxexx W, EXTERNAL SPL : FREQUENCY OOMAIN

11l WRITE(IOUT,8€5)PREF
712 865 FORMATIB(/) 27Xy We EXTERNAL SPL*//22X4*SURFACE®,13X,
713, A*FREQUENCY (HZ) SPLUDByREFE *,E18e54°% )°/32X "0 nk®, 15X,
714, AConyuskdrez®y 17X, Yk ® )
715, IRQO=]
716 00 986 I=1,NMS
717, IR=IxNFS+NSTORI(I)
718, IF(IRW EQ.IROIWRITE(IOUT186¢)1,1I=1
719 IF(IR.EQ.IROIGOTO 986
720, READ(LB*IR) SPL
7{1. IRO=IR
722, WRITEC(IOUT,8€E) I ,CENTF(1),SPLt]1)
722, 866 FORMATI/3UXyI3417XsE13e5,17XpE115)
724. 1866 FORMAT(SX, *DATA FOR SURFACE = *,I3,* SAME AS FOR SURFACE = *,IX)
72S. DO 985 Jz=2,NT0B
726, WRITE(IOUT,867) CENTFUJY,SPLIJ)

= 727 867 FORMAT(SUX,E1145,17TX4E12.5)

728, 985 CONTINUE
729 986 CONTINUE
730. C*s¥x X, PRESSURE FIELD CONSTANTS
731, Cakes
732, WRITE(IOUT,E868)
733, 868 FORMAT(B(/)427X9"°Xe EXTERNAL PRESSURE FIELD CONSTANTS®
734, €//71Cx,*SURFACE"*,20X ,*PRESSURE FIELD CONSTANTS*/10X,
735, LOURGERRE® 2OY o P AHAHHR AR Ry g kR Skg ke )
T3¢ DO 987 ISZi,NMS
137, WRITE(LIOUT,2ES)IS
738, IFUIPFLIS) EQ,DIWRITE(IOUT ,1869)IS,NSOAT(IS)
739, IF(IPFLIS)«EQQ2GOTO 987
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740 869 FORMATIZX,13)
Tule 1869 FORMAT(5X,"DATA FOR SURFACE = °*,I2,' SAME AS FOR FILE SURFACE = ° .
24<. £,13) ‘ § !
T3, WRITE(IOUT 872 (EXtJs1S)9US1,sNPFC) L b
T84 870 FORMATII0E13e5) C
745, 987 CONTINUE -
786 o 155 CONTINUE oy
a 147, 111 CONTINUE i
' 748 RE TURN ;
’ 749, C#ttttt####t#tt##t*#*##############t#t*#* HREBEEXE XX AEE SRR X ESEE SRR RS T
150, SUBROUTINE TRANS ‘s
751, CXEREREE X B AT R R EXR KX BR XA RRRAEXRREEEREEEXEEB RS EE RS E RS ERBRERRRE RS R R G R )
. 152, DO 1300 ISUR=1,NS , i ‘
‘ 753, IFCISTYP(ISUR) .EQ.0) GOTO 1000 ot
154, IA=ISURCM(1,ISUR) i SR
755 JSSISURCM(2,ISUR) !
756 ICTISURCMIE3,ISUR) - !
- 757. SORG(1,ISUR)I=GNODE(IA,1) , ;
- 758, SORG(2,ISURISGNODE(IA,2) o
759, SORG(3,ISURI=GNQDE(IA,3) R
‘“”“760. XxA1=GNODE(IB,1)=SORG(1,ISUR) o
761, XA 2=GNODE(IB,2)2SO0RG(2,ISUR) A
162, XA 3=GNODE(IB,3)=S0RG(3,ISUR) ot
T63ze YA1=GNODE(Ic,1)2SORGI1,ISUR) SR
§ 764, YA >=GNODE(1C,2)=S0RG(2,ISUR) Ty
: 765, YA3=GNODE(IC,3)=SORG(3,ISUR) o
: 76€ o 2A1=(XA2%YA3=XA3%YA2) o]
] 767 ZA2=(XA3ZxYAL=XA1,YAZ) 210
] 168, ZA3Z(XA1#YA2=XA28YAL) S I
A 959 XAS(XALEX2+ XA2%%24XAT#R2) %% 5 P
. 770, YAS(YAL%B24YA2RRZ+Y ATN%2 )ik o5 L
; 171, ZAT(ZAIB%2+ZA2%%242A3852) %445 b
- 772 STMU1,1,ISUR)I=XAL/XA * :
; 173, STM(1,2,ISUR)ZXA2/XA :
~ 774 STM(1,3,ISURI=XA3/XA ; .7
: M5, STM(2,1,ISUR)IZYAL/YA 3B
; 176 STM(2,2,ISURI=YA2/YA -
1 7. STM(2,3,ISUR)ZYA3/YA s j
3 778 STM(3,1,ISUR)I=ZAL/2A ti
: 175. STM(3,2,ISUR)=ZA2/ZA R
F. 780, STM(3,3,ISUR)I=ZA3/2ZA :
< 781. 00 13 I=1,MXS 3
= 782, XSGNODE (ISURCMUIILISUR)41)=SCRG(1, ISUR) .
i 783, Y=GNODE(ISURCM(I,ISUR),2)=SORGI(2,ISUR) e
. 784, Z=GNODE(ISURCM(I,ISUR),3)=SORG(3,ISUR) S
< 785, SNODC(I41,ISURIZSTM (141 sISURIEX4STM(L1,2,ISURI®Y+STMI1,3,ISUR)I=Z bl
# 786 SNODC(1,42,ISURISSTM (2,41 sISURISX+STMI2,2,ISURI*Y+STM(2,3,ISUR)I®2Z S
. 787. SNODC(I,3,ISUR)Z STM(S.l.ISUR)*X#STM(3'2.ISUR)*Y057Ht303.150?)#2 i |
188, 10 CONTINUE e
789. STMU1,1,1SURI=XAL/XA IR
790, STM(2,1,ISUR)I=XA2/XA TR
191, STM(3,1,ISUR)I=XAZ/XA o
192, STM(1,2,ISURIZYAL/YA e
193, STM(2,2,ISUR)=YA2/YA B
794 o STMt3,2,ISUR)ISYAZ/YA
795 STM(1,3,ISURI=ZAL/2ZA
196, STM(2,3,ISUR)I=2A2/2A
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797, STM(3,3,ISUR)=ZAZ/ZA
798 . 1000 CONTINUE
7 799 DO 2900 NVOL=1,NV
: 800 IAZIVOLCM(1 NVOL)
80 IB=IVOLCMt2,NVOL)}
: €32. ICZIVOLCMIZ,NVOL)
’ 8n3. VORG( 1,NVOL)=GNODE(TIA,1)
; 804, VORG(2,NVOL )SGNODE(IA,2)
__80s, VORG( 3,NVOL )SGNQDE(IA,3)
806, XA1=GNODE(IB,1)=VORG(1,NVOL)
807. XA2=GNODE(IB, 2)=VORG(2,NVOL )
808, X13=GNODE(IB.3!:VORGt3.NVOL)
. ) 209 YA 1-GNODE(IC,1)=VORG(1,NVOL}
i 810. YA2=GNODE(IC,2)=VORG(2,NVOL)
{ 811, YA3ZGNODE(IC,3)=VORG(3,NVOL)
817 ZALS(XA24YA3=XA3ARYA2)
- 813 2A2=(XA3sYAl=-XA18YA3)
14, ZA3=(XA12YAZ=XA2%YAL)
81S. XAS(XALRB24XA2uR24XA3RR2)%%,5
i} 816 e YAZAYALSR2+YARX24YAZRR2 ) 2% ,5
817, ZAS(ZA1%92,4Z2A2%%24ZA3%%2) %% ,5
g18. VTM(1,1,NyOL)=XxA1/XA
. 819. VIM{1,2,NVOL)Z=XA2/XA
- 220, VTM({1,3,NVOL)=XA3/XA
821 VIM{2,1sNVOL)SYAL/YA
822, VIMI2,2,NVOL)ZYA2 YA
823, VIM(2,3,NVOL)=YA3/YA
N 824 VIMI{3,1,NVOL)=ZA1/2A
i 825, VIM(3,2,NVOL)=ZA2/2Z4
e2¢e . VIME3,3,NVOL)I=ZAZ/2A
. 827 DO 23 I=1.MXV
| 828, X=GNODE(IVOLCM (T 4NVOL),1)=VORG(1,NVOL)
i 829 Y=GNODE(IVOLCM (I ,NVOL),2)=VORG(2,NVOL)
830 Z=GNODE(IVOLCM(I,NVOL),3)=VORG(3I,NVOL)
i 831. VNODC ¢TI 91y NVOL )SVTM U131 ,NVOLI*X4VTM (1,2 NVOLI®Y+VTMI1,3,NVOL)%2
1 32 VNODC (I, 2, NVOL )SVTM (2,1 ¢JNVOLISX+VTM(2,2,NVOL)XY*VTM(2,3,NVOL) %2
) £33, VUNODC (I, 3 NVOL )SVTM (3,1 JNVOL)*X eVIM (342 NVOL)IRYSVTM(3,3,NVOL)%*2
. g34. 20 CONTINUE &
i 835, 2000 CONTINUE
. 83€e. 111 CONTINUE
837« RETURN
p g3e, "SUBROUTINE OTRANS
5; 836, (12T 2R3 332 822222333323 3333333233321 233382333332 32233 ¢3¢ 308
- 840 DO 1000 ISLUR=1,NOO
. 841, IA=I0CM(1,ISUR)
g 84z IB=I0CMi2,1SUR)
i 43, IC=I0CME3,ISUR)
844G e ; OORG(1,ISURIZGNODE(IA,L)
T 8456 OORG(2,ISURIZGNODE(Ip,2)
ﬁ; 84€ . OORG( 3, ISURI=GNQDE(IA,3)
g 847, XA1=GNODE(IBs+1)=00RG(3,ISUR)
B4Be XA2=GNODE(IB,y2)=00RG{2,ISUR)
az 849, XA 3=GNODE(18,3)~00RG(2,ISUR)
4 85Q0. YAL1=GNODE(IC,1)=00RG(1,ISUR)
851 YA2=GNODE(IC,2)=00RG(2,ISUR )
r 2852, YAI=GNODE(IC, 3)=00RG(2,ISUR)
I 853. ZAIZ(XA2%YA3=XAZ%YA2)
——
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854 4 ARSI XAIRYAL=XALNYAT)
858, ZAITUXALXYA2=XA22YAL)
856, XAS(XALESZ2+XA2%%2+4XATnn2)%%,5
857 YAS(YALS%2+YA2%A2+4YATR%2 ) h%,5
858 ZAS(ZAL1%%242A2%%297A3%%2)%%,5
859. OTMI1+1,ISURI=XAL/XA
860, OTMU1,2,ISUR)=XAZ/XA
861, OTM(1,3,ISURYIZXAZ/XA
862 OTM(2,1,ISLR)=YAL/YA
863, OTM(2,23ISURI=YA2/YA
864 OTM(2,3,ISURIZYAZ/YA
8e8, OTM{3,1,ISUR)I=ZA1/2A
866 OTM(3,2,TSUR)=ZA2/2A
867, OTM(3,3,ISUR)=ZA3/2A
_ B68. D0 10 I=1,MXxS
869, X=GNODE(IOCM(I.ISUR),I):OORG(I.ISUR)
270, YZGNODE(IOCM(TI ,ISUR) 2)=00RGE2,ISUR])
871, ZZGNODEC(IOCM(I yISUR) 4 2)=00RE(3I,ISUR)
872, QNODC(I.1.ISUR)=0TH(1,1,ISUR)*X00TM(I.Z.ISUR)tYOOTM(1.3.ISU9)#Z
873, ONODC (I ,2,ISURIZOTM (241 yISUR)I%AX40TMI2,2,ISURI%RY+OTM(2,3,ISURI%Z
874, ONODC (1, 3,ISUR)I=0TM (3, 1,ISUR)ISEX*0TM(3,2,ISUR)I®Y*0OTMI3,3,ISUR)*Z
875. 10 CONTINUE
87¢ e 0TM{1,1,ISUR)I=XAL/XA
877. OTM{2,1,ISURIZXA2/XA
878, QTM(3,1,ISURI=XAZ/XA
879, OTMI1,2,ISUR)ZYAL/YA
880. OTM(2,29ISUR)=YA2/YA
83i. OTM(3,2,ISUR)ZYAZ/YA
. eﬂqg.._'____ OTM(1,3,ISUR)=ZAL/2ZA
882, OTM(2,3,ISUR)=ZAZ/2ZA
884 o OTME3430ISURIZZAZ/IZA
885, 1000 CONTINUE
88€ . 111 CONTINUE
887, RETURN
888, CREEEREERXXGEER B EEX FXREXBPEEIEERIEEERRRE IR RE LR RGBS EE R TR EEER R
886G, SUBROUTINE FCTCAL
6§90 FACC1)=1.,00
891, FAC(2)=1.0C
892, DO 4 U=2,%¢
893, FAC(J+1)=FAC(1)=DFLOAT(J)
894, FAC(L)=FAC(U+1)
895, 4 CONTINUE
89€ « FAC(1)=1.D0
897, PSIt1)==,57721566493153290DCC
898, DO 13 J=1,¢0
899, PSIC(JUI=PSI(1)+1.D0/0FLOAT(J)
900, PSI(1)=PSI(Y)
901 10 CONTINUE
902, PSIt1)=~e5772156649015329000
$03, RETURN
904, END
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ORIGINAL PAGE g :
OF POOR QUALITY,
k
YoyS XX eFEDAT o XXe
~ 10R1A 12/14/83-18:38(16€,)
i 1. SUBRQUTINE FEDAT(IS JNFENZNFEDS NS NMS,IFE,JFEN,ISTYP,STM,SORG,
M 2¢ & WMy,NSTOR,BPQ,MOP yAREA,D1,D2¢D3syMsSNyX1oXZyTKyYyMXyNX MFE,NSMX,
a 3. & SL1'SLZQM”AXQNHAXQL9QL22)L!8’
E oy 4, DIMENSION IFE(NMS) ,IFEN(MFE )oISTYPINS)oSTM{3,3,NS), SORG(3,NS),
1 Se & UH(3.NSMX).NSTOR(NHS).B?O(MX.NX.NSMX).MOP(“).hREA(NS)ng(MEE), ‘
i1 €eo € D2(MFE) JDI(MFE) JVMIMFE ) oSNIMFE g3 yNSMX D 9X1(MMAX) 4 X2(NMAX ), TKIMFE),
k 7. & Y(MHAX;NMAX,
: 8, PI=3.14159
il 9 Cexss LOAD THE FoEs DATA FOR THE SURFACE
i 10, IRZIFE(IS)
: . 11. READUIL18"IRINFES,NSM,(I,D1(2),D2iK),D311I),I8=1,NFES),
: 12. € (I,VM(I) I8=1,NFES),
{ 13, € (TyuMU1,7), ((SN(KsdyT) JS1,NFES)sK=1,3),1827,NSM)
14, Cx%% PROCESS THE F.,E. DATA
b 15, IRSNSTOR(IS)
; 1¢c. WRITE(L9*IRIUWM
¢ 17. Chees % ASSUME THE RESULTANT MOTION OF THE TRANSLATIONAL DEGREES OF
. 18. Chkdgh FREEDOM IS NORMAL TO THE SURFACE LET THE MODE ASSUME THE SIgN
. 19. Camknk OF YHE LARGEST TOTAL DEFLECTION OVER THE FIRSY MODE. ONLY THE
2_ 20, Cesrax FeEe NODES ASSOCIATED WITH THME SURFACE ARE CONSIDERED.
21, AZ0.0
g“ i 22 8=0.0
§ ' 23. €z3.2
;| 24, DO 33 L=1,NFEN
25, JZIFENIL)
E 26 AZA+SNIJy1,1) %2
: 27. 8SB+SN(J,2,1)%%2
28, CSCe+SN(Jy 3,322
29 30 CONTINUE
30 DSAMAX1(A,84C)
31, IF(A.EQ.D)IE:I
32, IF'B.EQ.D)IE:Z
33, IF(C.,EQ.D)IB=2
34, SGNZ1,0
35 DO 40 K=1,NSM
3¢e. DO 43 L=1,NFEN
17. JTIFEN(L)
I8, SGN=SIGNISGNySN{JyIB,K)?
3%, 40 SN(J;I:K):lSN(J.ng)**24SN(J.Z,K)*!20SN‘J.3'K)##2)#*.5#SGN
4C. Cxax« RENORMALIZE THE MODE SHAPE T0 GEN-~MASS=1.0
41 DO 70 K=1,NSM
82. GMz=Q0.q
43 DO €3 L=1,NFEN
44, JTZIFEN(L)
45, €O GMzVM{J)2SNIJ, 1,8 ) %%2+GM
4€, : GMZGM%%,5
47. DO 60 L=1,NFEN
48, JZIFEN(L)
45, €0 SNlJy14KIZSNIJ,1,K)/GM
S0, 70 CONTINUE
g 51. Coxx TRANSLATE THE FeEe GLOBAL COORDINATES TO THE SURFACE CoMpPONENT
i 52. Cank COORDINATE SYSTEM
. 53 DO 80 I=1,NFEN
54, JSIFEN(T),
55 Xp=D1(J)=SORGL1,1IS)
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5¢. _YPSD2¢J) =SORGL2,1$)
57, ZP=D3(J)=SQRG(2,I8) ) \
58 e DICJIZSTMU131,I1S)XP+STMUY32,1S)2YPeSTM(L1,3.1S) 2P '
59. D2(JISSTMI2,1,1S)2XP*STM(2,2,IS)8YP+STM(2,3,15)%2ZP 4
60. D3(JI=STMU3,1,IS)*XP#STM(3,2,TS)*YP+STMII,3,1S5)%*2P ﬁ
61le 80 CONTINUE -
62 C SHORT METHOD COF BPQG CALCULATION #2%axdsdssdsskhstssanssuns S
i 63, IF (MOPlU4).NE.1) GO TO 1000 s
' 54 o DO_200 K=1,NSM
€S D0 200 M=1,My ;
66 ¢ DO 203 N=z1,NX
67 BPQIMyNyK)IZCoD i
g 68 DO 100 KK=Z1,NFEN
f 69, 100 3PQIM,NyK)ZBPQIM,N,K)+SNIKK 1 ,KIXSINIMRPISDI(KK)/SL 1)
: 7C, txSININSPI*C2(KKI/SL2)*4/SLL1/SL2
. 1. 200 CONTINUE ;
: 72, GOTO 1111 :
i 73. € END SHORT METHOD Zxdrdkgdkrkddadmkiohdx khig gy xkxdkgp sxkgk :
f The  C¥s%% LONG METHOD OF BPQ CALCULATION THAT USES INTERPOLATION ] -
; 7S5e  Co#xsx BETWEEN DATA POINTS IN CONJUNCTION WITH GAUSSIAN N
' 76 . Cx3%% QUADRITYRE :
3 77. c=s2 SELECT THE STM MATRIX SUCH THAT THE Z=COMPONENT OF THE HEHE
3 78¢  C¥#s SURFACE COORpDINATE SYSTEy IS THE DIRECYION MOST NORMAL ‘
3 79. Cx%% TO THE SURFACE -
4 80, 1000 CONTINUE Do
: 81. DO 1310 I=1,NFEN M
X 82, TK(Iy=I%1.0 -
; 83, 10910 CONTINUE !
i 84, CALL ARASSL{ NFES,D14D02,TK) S I
2 85, K= 1
; 8€ . X1(1)3D01¢1) 1
: 87. 00 1030 M=1, NFES o
. 88, IF(D1(M)ECaX1tk)) GO TO 1029 I
89. KTK+1 P
f 90, X1(K)=0D1(M) I
: 91. 1030 CONTINUE SR
92 KizK o 1
; 93, . CALL ARASSLt NFES,D2,p1,TK) =
g _ 94, K=1 ' I‘
L 95 X2(1D= pel1) C
= 9¢€ . DO 1340 M=1,NFES |
T 97. IF(D2(M)ECeX2(K)) GO TO 104D T i
S 98 . K=Kel i
“ 994 X1(KY=D2(M) !
- 100, 1040 CONTINUE —
S 101. K2zK : i
P DO _1500 MWM=1,NSM |
; Cx##% ZERO Y ARRAY !
DO 1042 I=1,MMAX !
DO 1342 J=1,NMAX ;
1042 Y(1,4)30.0
Ce#a%2 LOAD THE MODE SHAPE TABLE Y
DO_105S0 I=1,kl
DO 10S0 J=1,K2
DO 1045 K=1,NFEN
1p4s IF‘DI(K’QECQDI‘I)oANDoDZ(K).EQ.D?‘J))Y‘I:J’:SN(INT‘TK(K,)o’,"UH)
1050 CONTINUE

el = -
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113« CALL BSUR(MWM)

114. 1500 CONTINUE
115. 1111 RETURN

11€. CHRERBRT KR RXRRDREIAD SRAREERREERRS RS R RS RE EEER TSR SER AR R IR ES SRR

i s e

T R

i

raTNE e A s

117, SUBROUTINE BSUR(MWM)
118. DIMENSION X8(8),A(8)
119, DIMENSION DX(81,DA(8)
120, DO 1370 M=1,MX
121, D0 13€0 N=1,NX
122 NGP=8
123. NGPI=NGP/2Z
124, CALL GLOIDA,DXs=1e091+0yNGP yNGP1)
125. DO 2 I=1,NGP
Ly 126 XX=0X(I)
v 127, ____AB=DA(I)
128 . X8¢1I)=XxX
129, 2 Atl)=aAB
130, IYEC
. 131, 38=sL}
: 132. H1=(BB=RA)/2,.
A 133, G1=(8B+AA)/2.
S 134, Q1z=0.
v 135, DO 4 I=1,NGP
5] 13€. UISH1*XB(1)46]
L 137, AIZH1=®A(I)
- 138, C=0.0
| 129, p=stL2
3 140, H=(D=C)/2.
‘- 141, G=(0+C) /2,
Z : 1“20 Q:g-
Foor 143, 00 3 JU=1,NGP
Pk 144, VJSH2X8(J)+G
e 145, 3 QsQeA(J)*F (UI,VJ)
S 146« 4 Q1zQ1+AI%H=%Q
L 147, BPQIM,N,MWM)=QL
P 148, 1060 CONTINUE
: 149, 1070 CONTINUE
Lo, 15C. 1111 RETURN
: : 151. i it it d it L e it i i i i i i i i i i i il diiiziiiiiissliill
152. SUBROUTINE GLO(DA,DX,C,D,NGP,NGP1)
153. DIMENSION DXINGP),DAINGP),XX(8),A1(8)
154, DATA (XXU(I)yAl(I), IZ1,4)/
155, £ «9€02898564,41912285362
15¢€. Cye79666E4TTY, 2223810344
157, £95255324099, 43137066458
. 158, €,01834306424,.3626537833/
o 159. OMC=p«500%(D~C)
160. DPC=0.500%(D+C)
e 161. DO 2 I=1,NGP1
R 162. NIZ(NGP+1)~I
: 163. DX (I)==DMCxXX(I)+DPC
a . 164, DX{NI)=DMC*XX{I)+DPC
B 165, DA(I)=DMC*ALLI)
éi 166, 2 DA(NI)=OMC=®ALI(I)
E 167 RETURN
: ‘v 168, FUNCTION F(UI,VJ)
§° 169 "CALL BIVLAC (UL .KI'VJ'KZ'XI,3’XZQ3,Y'GG’DXX_LDXZQIQIQIERR)
H
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|
o f H
170, FSU/AREA(IS)I*GGHSIN(M2PTISUT /SLLISSININSPT RV J/SL 2) !
171. RETURN .. .
172 C oo e e e 2x e e e 2 ok ode 2t o o i v o o ol e e e X e ok ok o e e o e o ok 3 ol % k age o ok o o ok e ade e X e o o e ok e e ot ik e ol ok K3 X [
173, SUBROUTINE BIVLAGU(A],MyA2,NyX1,IP1,X2,1P2,Y,G, A
I 174, 10X1,0X2,MZ1,M22,1ER) Pl
: 178, C**’"‘*******‘*‘******#*****##*t#t#t****tttttt#tat##tt*ttt#t#t#ttt#t*tttt T
- 176, € Al = FIRST ARGUMENT Lo
: 177, ¢ "M = NUMBER OF POINTS IN X1 TABLE o
: 178, c A2 = SECOND ARGUMENT ..
‘ 179. c "N T NUMBER OF POINTS IN X2 TABLE i
180. € X1 = ARRAY_OF_X1_VALUES ;
3 181, c IP1= NUMEER OF POINTS TO USE FOR INTERPOLATION FOR A1l ]
o 182, c X2 = ARRAY OF x2 VALUES :
: 183, c IP2= NUMBER goF POINTs 10 USE FOR INTERPOLATING FOR A2 !
.. 184, C Y = DEPENDENY VARIABLE TABLE ! ;
185, C G = INTERPOLATED VALUE
186 c DXx1= PARTIAL DERIVATIVE OF Y WITH RESPECT TO X} ;
) 187. ¢ DX2= PARTIAL DERIVATIVE OF Y WITH RESPECT TO X2
188, c MZ1s -}, DXx1 WILL BE COMPUTED
189 ¢ = +1, Ox1 WILL NOT BE COMPUTED
190 € MZ2= -1, DX2 WILL BE COMPUTED :
191, ¢ = 431, DX2 WILL NOT BE COMPUTgD ;
192, ¢ !
193, c IER= ERROR FLAG ++0 NO ERROR; NON=ZERO ERROR |
194, ¢ i
195. DIMENSION Xp(MDIoX2(ND,Y(N,M),Cl20),0020),0XN(20),DX1nE20) C
196‘. G,:O. : -
197, DX1=0. i
) 196, DX2=0, iep
: 155, 1ER=1 P
. 200, IF(IP1 .6T. 23) GO TO Spp _ i T
: 201, TER=3 : B
3 202. IF(IP1 .GT. M) GO TO 503
: 203, T IF(IP2 .GT. 20} GO TO S3C ‘ . '
204 ¢ IER=2 IR
: 205, IER=Y ’ SR
e 20€. IF(IP2 ,GT, N) GO TO 590
‘ 207. I1ER=0 ‘ vyl
208, 1=0 ‘ SR
209. 20 I1=1+1 T i
210, IF(Al oLT. X1€I)) GO TO 3g v
211, ~ IF(I +LT. M) GO TO 20 o
212, 25 IE1=M S
213. TIS1=M-IP1+} ok
214, 60 TO SO i
215, 30 151=I-1IP1/2 18 S
Co_ L 21€. IFLIS] LtT,. 1) 15321 RS
£ ., IE1-IS1+1IP1=~1 . i
. 218, IF(IEYl GT. M) GO TO 25 oo
215, 50 1= SR
220, 60 I=1+1 :
221. IFLA2 LT XZ(!,’ GO T0 70 ’ .t l
222, IF(I +LT. N} GO 7O &0 , e
223 65 1E2=N e
224, IS2=N=IP2+1 ~
225, 60 TO 10C

_22€. 70 1s2z1-IP2/2
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227 ¢ IFtIS2 oLTa 1) XS2=1 ! v
228, 1£2:1S2+1P2~1 I
229, IF(IE2 +6Ts N) GO _TO 65 &
230. 100 CONTINUE 4
231. 17182 .
232, DO 120 I=1,IP2 f
2334 TNZ1, A
234, TD=1. :
235, DO 110 J=IS2,IE2 ‘
236 IF(J .EQ. IT) GO 7O 110
237, TNSTN®(AZ2=X21J)) )
23e, TO=TO*(X2(IT)=X2(J))
239, 110 CONTINUg
240, C(IY=TN/TD :
24l 120 IT=IT+1 _ ,
242, IF(MZ2 .GT. 0O) GO TO 200 ;
43 IT=1S2 :
244, Du 180 I=1,IP2 d
285, DXN(I)=n. i
24€ . T9:z1. :
2“70 DO 140 J:ISZ’IEZ H
248, IFtJ «EQe IT) GO TO 140 !
249 o TN=1, )
250, DO 130 K=IS2,IE2 )
251. IF(K _oFQe J) GO TO 1130 -
252, IF(K +£Qe IT) GO TO 130 -
253, INSTN*(A2=X2(K)) % !
254 . 130 CONTINUE P
255 DXN(IISDXNII)+TN P
25¢€ . TOSTO*(X2(IT)=X2(J)) j !
257, 140 CONTINUE b
258, DXN(I)ZDXN(ID)/TD o
255, 150 IT=ITs} 2
260, 20C IT=1I51 g7
261, DO 220 1=1,IP} P
262, TN=1, : w
263, YD=1. - . :
264, DO 210 JU=IS1,IEl )
265 IF(J +EQ. IT) GO TO 210 '
2664 TNSTN®(ALI=X1(J)) !
267, TOSTD*(X1(IT)=X1(J)) |
268 . 210 CONTINUE |
269 . DUINZTIN/TD ,
270. 220 IT=ITe1 ]
271, IF(MZ1 «GT. D) GO To 300 ;
272. 1T=151 !
273, pO 250 1=1,IP1 i
274 . DXIN(IV =0, 3
275, T0=1, :
276. D0 240 J=IS1,IE]
277, IF(J «EQ. IT) GO TO 240
278, TN=1,
279, DO 230 K=IS1,IE1
280, IF( K «EQe IT) GO TO 220
281, IF( K «EQe J) GO TO 238 .
282, TNSTN®(RL1=X1(K)) :
283, 230 CONTINUE :
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-
‘ 284, DXINCID=OXINAT)STN

285 . TOZTOS¢{XILIT)=X1tJ))
o 286, 240 CONTINUE
y 287. DXIN(IIZDXINC(IN/TD
& 288, 250 IT=1T+1
: 289, 300 CONTINUE
; 290. G=0.

291. L=IS?

292, DO 320 I=1,1IP}

293, T=0,.
j 294 o K=Ig2
§ 295 . Do 310 J=1,IP2
: 296 o T=T+C(JIIRY (KoL)
: ~ 297, K=K+
, 298, 310 CONTINUE

7299, G=6+0(T)%T

‘. 300, L=L+l
: I01. 320 CONTINUE
: 302 350 IFIM22 «GT_ ) GO TO 400
= 304, K=IS2
: 305, DO 380 J=1,IP2
§ I0E o =0,
; 307. L=Ig1
2 308. DO 370 I=31,IP1
| 109. TST+0CI XY (K, L)
g : 310. L=aL+1
: 311 370  CONTINUE
- 312. DX2=DX2+DXN(J)I*T
F 313, KSKe1
: 314, 380  CONTINUE
3 315, 4090 IF(MZ1 GT, 0) GO TO 500
? 316. : DXI:O.
i 317. L=z1s1
- 318, DO 420 I=1,1P1
& 319. T=0.
g 320, K=1Ig2
1 321. DO 41C J=1,IP2
3 322, TST+CUJI=Y(K,L)
: - 323, K=K+ 1
- T4, 410 CONTINUE
3 ¢ 325. DX1=DX1+DXIN(I)%T
S . 326 L=Le+1}
2 327, 420  CONTINUE
% 328, NFEDSINFEDS
2 329, ISTYP(I1=ISTYP ()
2 330. L12:-L12
I 331. S00 RETURN

3326 END
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OF POOR QUALITY
S._XxeFRQCAL.XXe )
CRIA 12714/83=~18:38(44,)

1. R il i R R L Al L R R R LR R T L IUT T Rt ok uhichuaucbiatain .o oluoe.ska. ol s obs . cfn bt ok st o cbn o ol .o s
2e SUBROUTINE FRQCApL (WnosWMOyWH W1, W2,,3yWkoNM, IPRE.VNODC.ONODC.SNODC;
2. ECENTF yNSDAT NSTORLIVTYP ,JOTYP ,ISTYP,SC,IFE,
4, ENAMG NV NMO oy NOO JNSMX gNMS gNS ¢ MXV ¢ MXS o Mg AND
Se ‘COQPI’NFSQNTOBQNSC'IOP'L8|L9'HXH.LN1
€ Cx
Te Cx
8. C* FRQCAL DIRECTS CALCULATION OF VOLUME sOPENING,AND STRUCTURAL
9. _Cx* NATURAL FpREQUENCIES,
T 10, C*
114 COMMGN/ARE A9/FACPSTI,DPT,ON,UP
12. DOUBLE PRECISIGCN FACUIST)PSIL60)pPION,,UP
. 13, DIMENSION WN{4 oNAM,NV) WMO(3,NMO,NOO) yWMI3,NSMX),
14, *NMINMS) TPRE(4)yVNCGOCIMXV 42 4NV ),ONODCIMXS,3,N00O)
15 %y SNODCUMYS 3 I4NS)SCENTF(NTOB) NSDATINS) NSTOR(NS),IVTYPINV),
1. 2#IOTYPI(NOO) s SCINSCoNS)ISTYPINS),IFE(NMS)
17 DIMENSION WIMMXM)oW2(mXM) oW IIMXM) WHIMXM)
18, INTEGER S
1%, FALS1.5=CENTF {MBAND)
ZD. FSL=FAL
2l. IF(LNLEQal) THEN
22. MMAXzD
23. NMAXZO
24 ISMAX=0
o 25 . CHoses ESTIMATE THE MAXIMUM MODE NUMBER NEEDEp
26 e CALL MODESTUIMXMMMAX gNMAX ¢y ISMAX MSX 4NSX )
27 RE TURN
2E o ELSE
29« ENDIF
30 NFS=NFS
31. Cxuxx® TF REQUIRED, CALCULATE ACOUSTIC MODRES
324 IF(IPRE(L1)EQe1l) GOTO 250
3. WRITE(S,a)MXM MMAX NMAX ,TSMAX
34, DO 110 NvgolL=1,NV
35 NWN=D
3¢, DO 8 N=O,NMAX
37 DO 70 M=QO,MMAX
38, DO €0 S=0,ISMAX
39, WMT=OMEGAN(NVOL sMaN,4S)
40. IF(NWNJ,GE ,MXM) GQTO 9C
41. IF(WT GTeFALoANDNWNGGEJNAM) GOTO 70
42, IFIWT.EQa=1s0) GOTO 70
43, NWNZNWN+]1
4G e WICNWNIZWT
4S. W2 INWNIZMx 1,0
46 . WIINWNISN%*1,.,D
47 WU ({NEN)=S*1,0
484 6C CONTINUE
49 e 70 CONTINUE
Spe 86 CONTINUE
i 851e . 9C CONTINUE ~
52 (o 232 SORT ACOUSTIC MODES
S2e CALL ARLSSLUINWN Wl yW2,WI, W4 )
L DO 100 I=1,NAM
SSe WNCl,I,NVOL)I=WI1(I)
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!
:

56 WNC2,I,NVOL)=W2(T)

57. WNE3, I, NVOL)ISW3II)

58‘_. HN‘“.IpNVGL):u“‘I) ;

59 100 CONTINUE

60, 110 _CONTINUE

61 WRITE(6,%)WN

626 Casan CALCULATE OPENING ALLOWED FREQUENCY CONSTANTS _

63. IFINV.EQ.1)GOTO 250 :

64 DO 200 IS=1,NOO

6S. MW¥M=D

56 DO 180 N=O,NMAX

67 DO 170 M=QO,MMAX

68, WTZOMEGAO(IS,M,N)

696 IF(WT«EQe=1,0) GOTO 170 o

70. MWM=MWMs 1 <

T1. WI(MWM)SWT

72, W2(MWM)=M%1,.0

73, WI{MWM)=N%1,.0

T4 170 CONTINUE

75. 180 CONTINUE \

7¢. Crkx® SORT OPENING MODES ¥

77. CALL ARLSSL(MWM,W1,W2,W3,W4) i

T8 e DO 195 I=1,NMO

79, WMO(1,I IS)ZWL(I) i

80. WMOU2,1,IS)=wW2(I) ﬁ

81, WMOC3,I,IS)=W3(TI) M
R B2 195 CONTINUE .

83, 20p CONTINUE ¢

84, WRITE(6,%IMSX ,NSX i

85. WRITE(E,%)uWMO

8€ o Coee® CALCUALTE THE FIRST NSMX STRUCTURAL NATURAL FREQUENMNCIES -

87, Cesxs THAT ARE LESS THAN FAL

88, 250 IF(I0P.GE.5)G0T0 1111

89, Do 210 Is=1,NMS \
,,,,, 90, MWMZQO ' u{

91. IF(NSDAT(IS)«NESQ)} GOTO 310 [

92, IF(IFE(IS) NE.G) GOTO 310

93, IFLISTYP(IS) EQ.CIGOTO 310 .

94 4 IF(ISTYPUIS)EQe7)GOTO 310 ¢

95, DO 280 N=1,NSX :

%€ DO 270 M=1 ,MSX

97, WYZOMEGAM( IS, M, N) :

98 o WRITE(Eo*IMyN,WT,MMAX MXM 1

99, IF (MWM.GE «MXM) GOTO 290

100, IF(WToGTeFSLoeANDMUMsGE.NSMX) GOTO 270 _

101, MWM=MWMe

102. W1(MWM)=WT Vi

103, W2({MWM)=M=21,.0

104, WI{MWM)ZNZ1.0 L]

10S. WU {MWMISN%] g i :
_ 126, 270 CONTINUE i

167, 280 CONTINUE .

108, 250 CONTINUE - f

109 . Cossn SORT STRUCTURAL NATURAL FREQUENCIES oh
- 110, CALL ARLSSL(MWM W) W2,83,WH)

1. DO 293 I=1,MWM

112, 293 IF(W1(1)GTLFSLIGOTO 294 i

i L v g i e A LT RoEr A ed o e RN T

rond e e

I o A E TR

v e




ORIGINAL PAGE iF'

?LF' OF POOR QUALITY ?
Fo
'
|
- _
X8 _
- 113, 294 NM{IS)=1~-1 -
114, IF CNMCIS) oG ToNSMXINMCISIZNS MX :
115, DO 25& I=1,NSMX .
11¢6. WME1, 102wt o)
o 117. WMI2,1)=W2(1) T
118. WME3, 1) W3(I) ' -
119. 295 CONTINUE S,
120, IRSNSTOR(IS) j W
121, WRITE(L9'IR) WM :
122, 310 CONTINUE ' w
123, DO 320 IS-1,NMS
124, ~ IF(NSDAT(IS).NE.D)GOTO 32C
125, IRSNSTOR(IS) ‘
12¢. WRITE(LB IRINM(IS)
127. 320 CONTINUE :
128, DO 330 IST1,NMS o
129. IF {NSDAT(IS).EC.01GOTO 330 , . ;
: 130. IR=NSDATI(IS) :
; 131, READ(LB IRINM(IS) _ ;
: 132, 330 CONTINUE '
: 133, WRITE (& 2)FAL ,FAL,FAL ,FAL :
: 134, WRITE(6y %) WM ;
5 135, WRITE(6.%)INM !
i 13¢. 1111 RETURN |
: f 137, C Ao ocak Ko X 33 o o e ol ok o ol o adk o o s ok o e o ok odx afe ok af  xx e ek o8 ok ok o o ok age ool e ade o o o ot ok A ol e o e o aie ko ko Xk X X ¥
| 138, FUNCTION OMEGAN(NVOL JM,N,IS) §
3 135. c2 |
4 140. C* Do
! 131, _C* CALCULATE THE (M,N,IS) ACOUSTIC NATURAL FREOQUENCY OF SUBVOLUME P
: 142. C2 NVOL. o
143, C*x h }
145 G0T70(10,20,30,40),IVTYP (NVCL) o
166+  C**3%  VOLUME TYPE #1. RETANGULAR PARALLELEPIPED B
147 10 OMEGANZCO*PI#*((M/VNODCI2,1,NVOL))%=%2+(N/VNODCI3,2,NVOL))I*%24 P
148, E(IS/VNODC(4,3,NVOL ) )I*22)%%0,5 P
149, GOTO 1111 o
150, C*%4s¢ VOLUME TYPE #2, CIRCULAR CYLINDER ' P
151. 2n IF(M.NELO) GOTO 22 , P
152. OQMEGANZ=1.C ‘ Cod
153, € INITIALIZATION :
1S4 .. RLST=0.0
155 MLST=M
15¢ . AKNM=C.0 ‘ '
157. ; 60TO 1111 ' .
158. 22 IF(MLST.EQ.M) GOTO 26
159. IFINJEQaDeANDeMeEQ.1)GOTO 26
160. IT=1
161, ~ CALL ZERO(AKNM,RLST,N,VNODC (2,1 ,NVOL),VNODC(3,2,NVOL),IT)
162. MLST=M
163 26 OMEGANZCO%((IS*PI/VNODC (4,3 NVOL 1) #%2+4AKNMR52) 50,5
164, GOTO 1111
165, C**%&¢ VOLUME TYPE #3. CONCENTRIC CYLINDERICAL ANNULOUS
16¢€. 30 IF(MNELO) GOTO 32
167. OMEGAN==~1.C
166, C INITIALIZATION
169 RLST=0.0
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170. MLST=M
g 171, AKNM=Co0 o
f .. 32e . GOTO 1111 - !
- 173. 22 IF(MLSTLEQ.M) GOTO ¢ S
T 14 XY 11=2 — © g
4 175, CALL ZEROUAKNM ,RLST,N,VNOCC (4 ,2 ,NVOL),UNODC (2,1 ,NVOL)4IT) - :
-, 17¢, MLSTzHM : |
3 177 3¢ OMEGANZCO#*((IS4PI/VNODC(4,3,NVOL))*%=2+AKNME#2)%%0,5 : ,
3 L 118e GOTO 1111 S
E 179  C#s#* VOLUME TYPE #4,.PERTURBED PARALLELEPIPED S
S . .180. 40 RLSTSPI#®((M/VNODC(2,1,NVOL))**2+(N/VNODCE2,2,NVOL)) E%2e {
E 181, CEIS/VNODC U, 3,NVOL ) )nu2)420S
- 182, RSVMODC(S5,Z,NVOL)=VNODCtU4,3,NVOL) :
iy 183, RTZR/VNODC(4,2,NVOL) o
4 : 184, AKNMZC.0
:':4 185, IF(NQEQQU.AND.IS.EQ.D)GOTO 41 k
o 18}_3 IF{NeEQWsD)Al==1,/3, T t
; 187. IF(NoNE.O)ALIZ1./Nax2/PT%82 - o
- 13e. ARNMZ(=2aC%(Tc%PI/ NODCIU,3 ,NVOL) ) 2228 (1,/3,=A1)=lo/ :
; 189, € VNODCU(3,2,NVOLI*%Z)/ ({y»PI/VNODC(3,2,NyvOL))%%2+ e s
% 190, € (IS=PI/VNQODC(U4,3,NVOL) )%%2) P
3 191, 41 CONTINUE mE
3 192, WRITE(Ey#IM Ny IS,VNODCL2,1,NVOL),VNCDCIZ,2,NVOL]), P
A 193, & VNODCU4,3,NVOL),RLSToAKNM T
i 194, OMEGANSCO#RLST# (142, sRAKNME( (N*PT/VUNODCE3y2,NVOL) ) %85 sE
3 195, £+ 1SHAPTI/VNCDC(4,3,NVOL) 1552 )/RLST242)8%0,5 BT
; L 19¢. WRITE (6,%)0MEG AN —
! 197. GOTO 1111 SO
198, Cxxsw s L
3 199, T Cess ‘ ;o
: .——C0. 1111 RETURN f;ﬁ N
20l. o T I I ™ ™ T mrT, e 5 :
: 232, FUNCTION CMEGAQ(IS M,N) A
b 203, Cx L s
- 204,  C* Ces
; zgs. C*  CALCULATE THE (M,N) OPENING ALLOWED FREQUENCY CONSTANTS 4
% 23¢€ . c* :
; 207. Cx Lt e
208, 6070110,20,32),I0TYP(IS}) R
1209, CHean OPENING TYpE #1. RETANGULAR v
210. 10 OMEGAOZ((M/ONODC(241,47S))%%24(N/ONODCI3,2,15))%%2) 50045 :
211, GOTO 1111 .
212,  C*%®%  OPENING TYPE #2. CIRCLE b
3, 213, 20 IF(MJNE.D3) GOTO 22 :
X 214, OMEGAO==1.C S
3 215« C INITIALIZATION Pt
1 2lé. RLST=0.0 ~ R
;—f 217. : MLST=M
X 218, AKNM=C.0 ) = |
| 219. GOTO 1111 f R s :
_.._.220s 22 IF(MLST.EC.M) GOTO 2¢ ‘ 3
g 221, IF‘N.EQQG‘AND.MIEQO1)GOT0 2¢&
% 222 Ir=1
: 222, CALL ZERO(AKNM,RLST,N,ONODC (2,1 ,IS),0NODC(32,2,I5),1IT)
224, MLST=y
E 225, 26 OMEGAOTAKNM
g 22t GOTO 1111
L
§
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227 Crskx QPENING_TYPE %3, CONCENTRIC CIRCLF
228 ¢ 30 IF(MoNE.O) GOTO 32
€29 OMEGAQOz~1,C
23Ce C INITIALIZATION
..231, RLST=C.0
232 MLST=M
2T e ANNM=D,0
234, GOTO 1111
. 235 32 IFt(MLSTLEQ M) GOTO 3¢
236 . IT=2
237 CALL ZEROCAKNM qRLST oNONODC€3,2,1S) ONODCt2:1,1S)21T) ,
238. MLST=M
239 . 3¢ OMEGAOZAKNM
240, GoTo 1111
241. CrRun
24 2. 1111 RETURN
243, CAESERRR ARG AR XX RIARRARX XA RE YRR R GRERRS R R X g A SRR EF RS ERRE R R R ERR R Rk R
244, FUNCTION OMEGAM(IS,M,N)
245, Cx :
246 . C*
247, C» CALCULATE STRUCTURAL NATURAL FREQUENCIES
248, Cs
249.  Cx* _
250 DIMENSION CF(4,11),AM(3,3) , VKI3 4323 VM(3,3),C(3,3),EWCI3,3),EVR(Z)
251, £ JEVIC3) o
252 WRITE(G4%) IS M NyISTYPIIS),SCl1,IS)
253 GoTOt10,2%0,30,49,50,63,70,8C),1ISTYPtIg)
254 . Casux SURFACE TYPE #1e RETANGUL AR SHAPE WITH FQURIER SERIES MODE SHAPF
255 e 15 CONTINUE
25¢€ . c NORMALLY PROVIDED AS DATA
€57 GOTO 1111
258 Coans SURFACE TYPE #2. ORTHOTROPIC RETANGULAR PANEL WITH SIMPLY
259, Crenn SUPPORTED EDGES
260 20 CONTINyt
{33 G1l=Mx1,
62 G2=N=*1,
<63 H1=G)l%%*2
264, H2=G2%%2
265 DXYSSCH1,4TIS)%SC(5+1S)+42,%SC(3,1S)
26€ o OMEGAMZPI#%2/SCl6,IS)**0 5% (G14%4%SC(1,IS)/SNODC(2y1,IS)%%4y
267 £+ G2%#xyxSCU2,T1S)/SNODCI3,2,IS ) %2442 (2HI*H2RDXY/(SNODC(2,1,15)%%2
2680 € %= SNODC(3,2,71S)%%2))%%0,5
269 GOTO 1111
27C. CHaxs SURFACE TYPE #3. CIRCULAR SHAPE WITH FOURIER SERIES MODE SHAPES
71 30  CONTINUE
272 c NORMALLY PROVIDED AS DATA
273 GOTO 1111
274, Chaxs SURFACE TYPE #4, THIN,HOMOGENEOUS CIRCULAR PANEL WITH FIXED
275« Canae EDGES
27€ . 40 CONTINYyE
217, DATA((CF(UyT)4121,11),U21,41/14027,2.007,3,005,4,002451,468,
278, C2el83,33eHEE 40891 91e8926927 9394844 0959,2e274,93e354,44.391,
279 . £50413,2665773¢760340822,5,8564300%72,40172,50248,64289,30402,
280. EUeSET ,5e65L96eT1503eTETs449€195006697e135,40129,543UT74644E€9,
281l ET7e5U9,)4e48895e67396¢8E6T7,T7¢9599561099€0507,2€19803657
282 IFINGLE o011 e AND cMoLESHIBETAZCF (M4N)
283 IFENeGTe11e0ReMeGTol) BETASMe(N=1)/2,
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284 o OMEGAM=SC(1,IS)*BETA%X2
285, GOTO 3111}
286, Cxe#s SURFACE TYPE #5. FRAME STIFFENED CYLINNeRICAL WHOLE SHELL
287, €0 CONTINUE
« .._e88, . AL=2%P]
? 289, §1 3=SNODC(3,2,I5)
29C. PBX=(M*PI%®SNODC(3,2+1S)/SNODCL2,1,15))
291, QPA=((N=1)*PI/AL)
X 29260 VK(1,41)=SCt1,1S)/SCl2,1S)%(PBX#824(1=SCI5,15))/2%QPA%%2)
; 293, VK (292)S(14SCU5,15))/2e0%SCHUL,IS)/SC(2,1S)%PBXRs2+4CPARRD
..... 294, VKU 393)Z14SCUU,IS)/B8%2/SC(U,TS)®(SCtT,T5)/SCUU,]S)*
295, € PBX*84,42%SCI3,IS)/SCl4,ISIEPBX*%2aCPARK2+CPARRY)
: 296, VK2, 11203 +SCE5,15))/2e0%SCH11,IS)/5C12,1S)8PBXRQPA
- 297, VK(1,212VK(2,1)
; 298, VK(1,3)=SC(5,15)9SC1¢Ig)/5CE2,15)2PBY
- 299, VK(3,10=vKk(1,3)
- 300, VK(2,3)=QPA
, 301, VK(3,2)SVK(2,2)
: 302, Do $2 1=1.2
o 303, Do 52 J4=1,3
‘ 304, 2 VM(I,J):0.0 i
3 205. VMU1,1)=SCUE,ISI=Bun2/5C¢2,1S3
: B_Ojo “”‘ZvZ):VM(lgl)
! 307, VM{3,2)=VMIEL,1)
. 206, CALL GASINVI(VM,3,DET)
A 309, CALL MTXMPY (VK yVMyCe2,43,3)
] 21C, CALL EIGEN(CyAMyEWC,EVRJEVI343,3,73)
¢ 211, OMEGAMZEVR(2)
_312. GOTO 1111
313, Cegse SURFACE TYPE #&. FRAME STIFFENED CYLINDERICAL SHELL SEGMENT
3 314, ¢g AL ZATANISNODC(4,3,1IS5)/SNODCIY,2,1IS))
: 215, GOTO 51
! 31_6'0 Cxkn
‘ 317, Caman SURFACE TYPE #7. BBN F.Ee. DATA MQDEL
318, 7C GOTO 111y
219, Cannk SURFACE TYPE #8, GRTHOTROPIC RETANGULAR PANEL WITH CLAMPED EDGE:
: 320, 8C Gi= M + 0,5
] 321. G2= N + 0.5
: 322, H1=G1#92%(1e0=24/(61%PI))
8 322, H2ZG2%%2%( 1 e0~24/(G2%PI))
324, IF(M.EQe1)H1I=1 ,248
3250 IF(N.EQ.I)H2:1.2“8
32, DXYZSCU1,T1S)%SC(5,1S)+42+%SC(3,1IS)
227, OMEGAM=PI*%2/SClEyIS)x%D,52(G1%a4%SCIY1,IS)/SNODCI2, 1, IS) 5%y
z28., £ G2%#4%SC1241S1/SNODCI342,IS) %5442 4xH]®H22DXY/(SNODC( 2,1, IS)##Z
329, € % SNODC(2,2,I5)%%2))*%0,5
330, GOTO 1111
i 331, CRmix
- 3312, 1111 RETURN
SR 5 % I € %% % o ot o 2 o 7 ok oo o8 ok ok ot o ot ok oo e e oo o o ool o o e o o ook o e o e ool kol ol kR ok
L334, SUBROUTINE ZEROC(AKNM,RLST,N,A4B,IT}
. 335, C*
3 33¢. C* FIND THE NEXT ZERO OF THE EQUATION ,IT, AS HELD IN THE
3 337, C* ROUTINE EC '
] 33¢e, STEP=.}
i 239, XO=RLST+STEP
3230 X=X0
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38 le 000 CALL EQ(DET0.XCeNeA.B,I1T)
342, ER=Q0.01
...383 NIZ13
344, 1S CONTINUE
5 345, XZX4STEP , .
. J4¢., CALL EQUEDET XsNyAy5,IT)
: 347, WRITE(6,%)X0,DETOyX,DET
. 348, IFIDETOMLTe0e3eAND,DET.LTL0.0)60 TO 29
‘ .’1990 JF(DETO0eGTaleoANDeDETGTe0e }GO TO 2n
. 350, FIRST=XO
: 351, RAST=X
E' 352, GO0 Y0 30
= 353, 20 x0:=X
- 354, DETO=DET
SR 355, GG YO 15
i:» i5€ Cassxsrx NEWTON RAPHSON ITERATION X2%8siisiidkdg kxS ssnsadnisssdns
L d 357, I0 XXO=FIRST
. 358, YRLST=0ETO
e 359, XXN=RAST
g" 360 YOETNZDET
s 361, NIT=D
362 YMAXZAMAX]1(ABS (YRLST)LABS(YDETN) )}
363, 40 EPSZABS(YDETIN/YMAX)
364, NITZNIT + 3
365, IF(EP<c LELERIGO T0O SO
366 IF(NITGT4NI) GO TO 80
367. XI=XXN=_ XXC
368 Y1ZYDETN=- YRLST
IES, XYl xi1/v1
370. XZXXN=YDETN % XY1
] 371, CALL EQIDET X,N,A,B,IT)
§ 372. WRITE(6,#%)X,DET,EPS
373. S=SIGN(1.C,DBET)
. 374, S1IZSIGNU1.0,YDETN)
. 375. IF(SeEQ,S1eAND +ABS(DET)GT.ABS(YDETN)) GOTO 4%
i 376, XX0=XXN
: 317, YRLSTSYDETN
S 37¢. XXN=X
S 379 YOETNZDETY
- 38C., GO TO 40
L 381, 45 XXNTX
282, ~ YDETN=DET
383. GOTC 40
384, c*
aig 385, SC RLST=X
— 38€. AKNMZX*PI /A
e 387, 1111 RETURN
-~ 388, i 2 R i e e L e I T m ™
"'f . 389, SUBROUTINE EQ(DET s XoeN,A4B,IT)
oo 390, Cx
: .-393. _C® CALCULATE THE VALUE OF A FUNCTIONe. THE FUNCTION 1S USED

392. C* TO ESTABLISH ALLOWED FREQUENCY CONSTANTS FOR VOLUMES,O0PENINGS,
393, Cx AND SuRFACES '

394, C=

395, G070(10,20),1I7

396 Cexe2k  CIRCLE OR CIRCULAR CYLINDER
397 10 XAz=X*P] :
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198,

DET=RJPIXALN)

399.

Goro 1111

_400.__ _C3uex

401, C»s»% CONCENTRIC CIRCULAR ANNULOUS
) ___402, 20 XA=X*PI
423, XB=X%B/A -
40k, DET=8JP (XA N)*BYP(XB,N)=BJP (XB,N)I*BYP(XA,N)
435, 6070 1111
40e ., 1111 RETURN
407 . (1D 2 EEEE 222222222222 222 R R E 233 PR32 222 22t
- FUNCTION BuU(X,N)
409, c COMPUTES THE J BESSEL FUNCTION OF THE FIRST KIND FOR A
410, c GIVEN ARGUMENT X, AND A GIVEN ORDER N,
411, c X=ARGUMENT OF THE J BESSEL FUNCTION
412 € N=THE ORDER OF THE J BESSEL FUNCTION
4132, c D=REQUIRED ACCURACY
414, C BJSTHE RESULTANT BESSEL FUNCTION
415, DOUBLE PRECISION XDy»2Z+2Z,VAR,VAL,SUM,TOTAL ,BLY
41¢€ ., DEFINE BSLJU(TOTP,TOTQ,ARG)IZSQRT (24, (PTxX) )%
| 417, € (ToTPeSINIARG)I+TOTQ*COS{ARG))
] 4lpe XD=BgLe(X)
; 419 IF(XeGTo410.)G0OTO 250
- 420, IF(N.GT.55) GOTO 300
) 421. IF(X.EQe0e.) GOTO 30
: 422, M1=S7=N
: 423, Z=1.000
u 424 22=xD=xD
- 428, SUM=3,900
g 426 TOTaL=0.000
E 427, 3J1=1-DDO )
' 428, 0C 13 I=1,M1
: 429, K=I=1
t 430, VARZ2.00%8 (2K +N)
: 431, TOTA =SUM+EJ1=Z/FACIII/FAC(I+N}I/VAR
@ 432, _IF(TOTAL.EQ.D3,001GOTO 5
! 433, VALZSUM/TOTAL '
' 434, IFUVALWGT CN,ANDoVALSLTSUP) GOTO 20
: 435, S 8J1z-8Jl
Y 436, 222%22
. 437, SUMZTOTAL
H o 438. 10 CONTINUE
5 439, 20 BLJSXD#*«N*TOTAL
2 44Q, _ BJSREAL(BLY)
< 441, RETURN
5o 442, 20 IF(NegTeD) GOTO 4D
:,,- 443, 8Jd=1.0
. L LY T RE TURN
e 445, 4C B8J=C,.0
Lo Y46 RE TURN
, 447, Cxeex  USE ASYMTOTIC SERIES SOLUTION
L uu9, CALL PSCGS(N,X,TOTP,TOTQ4ARG)
¢ __usa. BUSBSLJ(TOTPyTOTQ4ARG)
= 451, , RETURN
gi 452, CH%%%  USE ASYMTOTIC SERIES THE RECURSION WHEN N>
£ > 453, 275 CALL PSQS(E,X,T0TP,T0TQ ARG}
F5 0 ___u54, BLJUNZBSLJITOTP,TOTC ,ARG)
2
b

+
f
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bR E,,s,
[ :
455 o CALL PSQS(T:XsT0TP,TOTQ.ARG) g
4S€ . SLUNMISBSLJ(TOTP,TOTC,ARG) b
457, CALL RECURINyXBLJUNBLUNM],BJ) %
458 . RE TURN ' ue
.459. 3C0 3J=0.0 "y
‘ 460, RETURN :
4ele. C 2o ey e e aie a3n e 1 e e 20 o o e o ok g g ok e odp o o ok ol e e e ok ok ok aR sl ok ok e ale Yl o o ke ok o ok ok o kol X ok ok x
462 € %o de ke e e e v o e ok o ok ok ok o o o oo o ok o o o o ot o o e o o o oK ok kol il oo o ol R R X Kk i kR R :
463, FUNCTION BY(X,N) !
464, c* .
4654 C* CALCULATES THE NEUMANN FUNCTYION -
466« C
467. DOUBLE PRECISION XD,TOTAL,CUM,SUM;2,2Z,DIV,VAL,BLY,8(J
u6g, DEFINE BSLY(TOTP,TOTQ,ARG)ZSQRT(2+/ (PI%X) )% o
: 469, £ (YOTP*SIN(ARG)I*+TOTQ*COSCARG)) .
479, XO=DBLE(X) i
‘ 471, IF(XeGTe13.)6070 259 :
4 472 IF(N.GT.55) GOTO 30O ‘
) 472 Cr#x  CALCULATE BY SERIES DEFINITION :
L 474, IF(X.EQ.0e1GOTO 50 ;
3 E 475, TOTAL=0,00 :
: 476, CuMz3.00 |
3 477. SUM=0.D0 i
T 478, 2=XD*XD/4.00 !
¥ i 479, IF(NEQeQ) GOTO 15 :
L 430. Z2=1.00 7
481, 00 13 I=1,N P
482, DIVZFACIN=I+1)/FAC(I) b
483 CUMZCUM+DTI V%22 Pt
484 o 22:22%2 P
435, 10 CONTINUE %
: 48E o 15 22=1.00 L
437, BY1=1.00 ;
488 M1=57-N ;
i 489, D0 30 I=1,M1 i
} 490, DIV=ZZ/FAC(I) .
491, _ TOTAL=SUM+ (PST(I)+PSII1I+N))ISBYL#*DIV/FAC(I+N) 4
492, VALZSUM/TOTAL ;i
493, IF(VAL.GTeONJANDSVALGLT.yP) GOTO 40
494, 20 BY1z-8Y1
; 495, 22222%7
it, 496, SUMZTOTAL
497, 30 CONTINUE
498, 40 DIV=((2,00/XD)##»N)/DP1
) 499, SLJZOBLE(BJ(X,4N))
;i/ ; 500, BLYSU=DIVI*CUM+(2.00/0PT1*0LOG(X0/2.00198LJ~(((XD/2.00)1%%N)/P1)
\ 501, € % TOTAL ‘
‘ . 502, BYZPEALIBLY)
2 . 503, RE TURN
X{ 504 . 50 3Y=-1,0E35
- _ 50%. RE TURN
506 €0 gY=1.0E35
E 537,  RETURW
2 508, Cx%s® USp ASYMTOTIC SERIES SOLU7TION
| 599, 1250 IF(N.GT.8) GOTQ 275
z 510, CALL PSOQSIN,X,TOTP,TOTQ ,ARG)
Eé ] 511, BYZBSLY{TOTP,TOTQ,ARG)
i C
| f.
gy i s e 2 7 e e
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K
12 RE TURN
513, Cases USE ASYMTOTIC SERIES THEN RECURSION FOR N>8
Sl4s 275 CALL PSQS(8,X,TOTP,TOTQ ,ARG]
515, BLYNZBSLY(TOTP,TOTQ,ARG)
516 CALL PSQS(7,X,TOTP,TOTQ,ARG)
517. BLYN1Z=BSLY(TOTP,TOTQ,ARG)
518, CALL RECUR(NyX,BLYN,BLYNM1,BY)
519, RETURN
: 520, 300 BY=~-1.35
521« RE TURN
___522. CHEEB B ARR XX T IR RAXX FAXRETRXEFE ARSI IR F AR GRBE LR A G AR EEFAX X X G X AR
£23. SUBROUTINE PSQS(N+X,TOTP,TOTQ,ARG)
1 524 4 DOUBLE PRECISION ATEX,BJ3 TRMP,TRMQ 4SUMP,SUMG,RUyRK Uy VAL, TP, TQ,XT
; 525. XD=DBLE(X)
é 526 US4 .D0%NEN
.- 527, ATEX=8.00%X
. 528. BJ1=-1.DD
- §29. TRMP=1.00
) 530. SUMP=1.0D0
: 531, SUMQ=0.DO
f §32. RJ=1.00
¥ £33, DO 10 M=2,5¢,2
3 §34. RK=RJ+2.D0
. §$35. TRMQ=TRMP= (U=RJU%RJI/ATEX
L €36, TRMP=TRMQ* {U=RK%*RK ) /ATEX
3 537, TP=SUMP+BJ1*TRMP/FACIM+1)
) 538, BJ1z=BJ}
: 539, TQ=SUMQ+BJI*TRMQ/FAC(M)
| 54Ce IF{TQ.EQ.0,00)GOT0 5
A 541, VALS=SUMQ/TC
. 5424 IFIVAL o GTONANDVALWLLTLUP) GOTO 20
543 S SUMQ=TQ
544, SUMP=TP
545, RJSRK+2.0C
546 . 10 CONTINUE
547, 20 ARGSREAL(X=DPI®(N/7,D0+0.2500))
548, TOTP=REAL(TP)
: 54G. TOTQ=REAL(TQ)
P 550 RE TURN
£ o §51. CHBES AR EXE e R r e r AR RadRrg i fad R drfk o dokoax Sl f g g gy R Xk A XX A
5 552, SUBROUTINE RECUR(N 4XoBSLN,ESLNM1,8SL)
d 553, QINT=24/X
Ny SS54 . K=N=1
o 5§55, 00 13 I=8,K
5 556 BSLNPIZQTINT=I%ESLN=-RSLNM]
§ 557 8SLNMI=BSLN -
558,  BSLNZESLNP1
559, 10 CONTINUE
560. BSL=BSLN
561, RETURN
5_@2. c*#####t*##*##****#**##*#*ﬁ###*#*##*#**##**#*###*#*#:ﬁ###*t#**##t#
583, FUNCTION EI(X,N?
_ Beu, C COMPUTES THE I BESSEL FUNCTION(MODIFIER) FGCR A GIVEN ARGUMENT
565, c AND ORDEF,
_ 566, c X=ARGUMENT OF THE I BESSEL FUNCTION
567, c NSORDER OF THE I BESSEL FUNCTION
568, o BIZRESULTANT
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g; ORIGINAL PAGE (8
s 4 OF POOR QUALITY
® I
gg%. c N_MUST BE GREATER THAN OR FQUAL TO ZEROQ
570, ¢
_B71. __C CHECK FOR ERRORS IN N AND X AND EXJT CONDITIONAYL
572. C
573, IER=D
574. 3I=1.0
; 575, IF (N) 150,15,10
576 19 IF(X)160,2C,2C
: _577. 15 IF(X)160,17,20
: 578, 17 RETURN
$ §79. C
€80, C DEFINE TOLERANCE
81, €
582, 20 TOL=Z1.E~4
. %83, ¢
€84, C IF ARGUMENT GT 12 AND GT N, USE ASYMPTOTIC FORM
585, C
€86, IF(X"‘IZ.’“U'“CQSO
- 587, 30 IF (X=-FLOAT (N))48,40,213
] £85. C »
. gg%. c COMPUT FIRST TERM OF SERIES AND SET INITIAL VALUE OF THE SuM
g ) . C
= 591, 40 XX=X/2
. ! 592, FACTNZ1.0
- 593, IF (N=1) 70, 70,50
2 594, 50 DO £0 I=2,N
: £95, FI=1
! 596, €0 FACTN=FACTN%FI
3 .597e_ 10 TERMZUXX#%N)/FACTIN
558, BIZTERM
; 599, XXZXX%XX
L €00, C
: _8J1.  C COMPUTE UP_TO 30 TERMS, STOPPING WHEN ABS(TERM) LE ABS(SUM OF
: €72, ¢ TERM TIMES TOLERANCE
! €03. o
: 604, DO 930 K=1, 20
: 605, IF(ABS(TERM)=ABS(BI*TOL))100,100,80
; €0€. gn FKZKx(N+K)
__€07.  TERMSTERM®(XX/FK)
3 €08. 92 3I=BI+TERM
5 €09, ¢
€10, C RETURN BI AS ANSWER
611 €
€12, 130 RETURN
613, €
El4. C X GT 12 ANC X GT N, SO USE ASYMPTOTIC APPROXIMATION
€15. ¢
€1€. 110 FNTZ4%N=2N
€17, XXZ1e/l8a%X)
616, TERM=1.
619. 8I=1.
. €20, D0 13T K=1,33
‘ 621, IF(ABS(TERM)=AES(TOL®*BI))140,140,120
i €22. 120 FKZ(2%K=1)%#2
; €23, ' TERM=TERMEXX®{FK=FNT)/FLOAT (K)
41 €24s 130 SIZBI+TERM
5 | €25, 140 pPI=3,141552&53
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OF POOR QUALITY 0
L4
€2¢ o BISBIXEXPIX)/SCRTI(242PI%X)
€27, GO To 100
€28 15¢ IER=1
€29, G0 TO0 1Qo
€30, 160  IER=2
€31. G0 TO 100
€32, C et e o 32 2 2 o 3% sixafe 2 adp 28 o a0 3 e xk o a0 ok o ok o e o o e ok o o ke o e g e e eak ok xix o ae e Xk ol ok Ak x ok ok
€33, FUNCTION BJUP(X,N)
H €34, Cx
€3S. C* CALCULATE THE DERIVATIVE OF THE BESSEL FUNCTION OF THE FIRST
€3c., C» KIND OF ORDER N
v £37. C* .
- €38, IFINGEQeUIBUP==1,0%BJ(X,N+1)
5 €39, IFINGTe0)BUP G52 (BJIX N=1)=BI(X ,N+1))
: €40, 1111 RETURN
t43. C ke e o e xn v g aie ok e ook e o 3 R ok ok e ot e o ok o e o o o o o 2r e 2R e S e ok agade ok ook ok o et adrage o ok K kR ax kA ok
. €42, FUNCTION BYP(X,N)
g €83, Cx
" 44, C* DERIVATIVE OF THE BESSEL FUNCTION OF THE SECOND KIND OF ORDER N
; 645, Cx%
3 £4¢e, IF(NGEQ.O)EYP==1,0%BY (XyNo1)}
3 €47, IF(NeGTo0IBYP=0eS*(BY(XyN=1)1=BY(X,N+1))
1 64E . 1111 RETURN
%,‘, E49, C etk e e 2 e o e e e e o o ok g ok on ok e ok ok Gk 3k ok X o e ok ek o adk o ok o ke Xk Mk e ok A ok ok Ak R X R e ko
) €50, FUNCTION BIP(X,N)
# €51, C* v '
’ £52. C* DERIVATIVE OF THE MODIFIED BESSEL FUNCTION O THE FIRST KIND .
g €53, IF(NSEQeO)BIPT =1, 0%BI(X4N+1)
. €54, IFINSGT0IEIPT0eS%(RI (X N=1)=BI(X N*1))
. €55, RETURN
4 é€S€ . Cakd e A R AT R AR AR Ry kg s
: €57 SUBRQUTINE MODEST(MXM MMAX gNMAX yISMAX 4MSX 4NSX)
2 €58 . c*
‘ €59, c* ESTIMATE THE MAXIMUM INDICIES FOR FRgQUENCY CALCULATIQONS
: ¢6C. Cx i
i €61, DO 100 NVOL=1,NV
; €62, GOTO(IOOQZU'BO)OIVTYP(NVOL)
: €63 Cxsxpaks VOLUME TYPE #1. RETANGULAR PARALLELEPIPED
: €64 o 10 N=§
5 665, s=0
z 66€ . MISNINT(FAL*VNODC(2,1,NVOL)/CO/PT)
; €67, Mz0
— €68 N=D
5‘ 669, ISISNINTIFAL®VNODC (4y3yNVOL)/CO/PI)
=% €73, M=d
L €71, $=3
i 672, NIZNINT(FAL%UNODC(3,2,NVOL)/CO/P1}
- €73, IF(M1oGT MMAXIMMAXZM]
. 674, IF(N1GT,NMAXINMAXSN]
€75, IF{IS1eGToISMAXYISMAXZIS]
&7k GOTo 180
77, Cx%2a% VOLUME TYPE #2. CIRCULAR CYLINDER
678 o 20 CONTINUE
€79 MMAXZ7
éago NMAXZ?7
681, ISMAX=?
682, Co*%%% VOLUME TYPE d3, CONCENTRIC CIRCULAR CYLINCER
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30 CONTINUE
€84 . MMAXZT7
68, NMAX=7
€86 . ISMAXZ=T?
687 100 CONTINUE
£88. Caxs® . SCALE MAX MODE RESULTS
689 DO 150 I=1,MMAX
€90, IF (MMAXXNHAXSTSMAXSLE<4*NAM)IGOTO 160
€91, MMAX=MMAy=1
€92, NMAXSNMAX=~1
€93 ISMAXZISMAX =]
€94 . 150 CONTINUE
€95, 160 CONTINUE
£9€ o Ciakdwk
€97 Cassas IT IS ASSUMED THAT THE TOTAL NUMBER OF ACOUSTIC MODES
€98 . c MXMY oGEe MSX¥MSX OF THE SURFACE. THE MXM IS TO SIZE THE
699, o WORKING ARRAYS. CALCULATION OF STURCTURAL AND ACOUSTIC ;
730. c FREQUENCIES ARE LIMITED TO THE FREQUENCIES WITHIN THE RANGE
701, o OF INTEREST BY THE INDIVIOUAL CALCULATION ROUTINES,
702. Cx
702, MXM=MMAXSNMAX%ISMAX
‘ 704 . 170 IF (MXM.LT<NAMIMMAXSMMAX+1
705 . MXM=MMAXXNMAXXISMAX
: 70¢& . IF(MXMoLToNAMINMAXSNMAX+]
! 707, MXM=MMAXANMAX%]SMAX
708. IF (MXMoLT NAMIISMAXTISMAX+]
709. MXM-MMAXSNMAX®ISMAX
_ 713, IF (MXM.LT.NAMIGOTG 170
5 711, MSX=(1o%MXM)ESE,S
| 712, IF (MSX&%2 LT eMXMIMSX=MSX+1
s - 713, IF (MSX%%24| TaMXMIMSX=MgX+]
g ! T14. IF AMMAX*%2 GTeMXMIMSXTMSX=2
1 715, NSX=MSX
716, RETURN
717 END
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. XXeBNDCAL 4XX,

g
2 S
1O0R1A 12/14/83-18:38(29,)

) 8 C xSy xx i o 02 X 2ok 0 0 0 3 ok oy 2k 2 ok e i ek o o o6 o e e Xe ol e agp e o o ok ol ol xe o e e o Rk ok ek O s ok s e o o e o
2e SUBROYUTINE ENDCAL (BNDWN yBNDWM ,WNMC , WM yZM 42N yNMoCENTF,NSTOR, NS, NTOR
3. EyNAMyNSMX,NMS» BW,EPS NFS,IPRE,ISTYP,L8,19,L15 NSOAT,IOP,NPROB)
L C*

- Se C*

. 6o c= BNDCAL CALCULATES THE BANDWIDTH OF IMPORTANT MODES ARQUND EACH

. Te Cx BAND OF MODAL ANALYSIS INTEREST

‘ 8. Cx
9 e

10, DIMENSION BNDWN(INTOB,2) yEBNDWMINTOB ,2) JWNMCENAM) o WM{ I, NSMX )y ZMINSMX
11, L ) CENTF(NTOB ),2N(NAM) NSTOR(NMS),NMINMS), IPRE(4), ISTYPINS ),

x 12. & NSDAT(NMg)

13 IFCIPRE(1).EQe1)G0T0 230

. 14, IF(NPROB .NE 40+ ANDeIOP.EQ.5)GOTO SCQO

g 15, ZH=Z2Z2N(1)

- 16 DO 13C IZ1,NAM

- 17, IF(IN(I)eGTo2ZH) ZHZ2N(I)

’ 18. 100 CONTINUE

¢ 19, DO 200 NOR=1,NTO8

. 20, WC=CENTF (NCB)

3 21, WI1SWC®(1-BW)

3 22, W2=WC®(1+BW)

> 23, 00 150 I=1,NAM

: 24, IF (WNMC(I).GT,WC) GOTO 155

: ~ 25, 150 CONTINUE

| 2t It1-1

. . @Te 155 WRBZWNMC(I)

- P IFLABSINC=KNMC(I=1))oLT,ABS tWNMCI{I)=WC}) WRBZWNMC(I=-1)

E 29 IF(TIWLEs1)KRBWNMC (L)

. 30, CALL VICAL(WR Wwl,WZ,WRB,ZH)

,‘ ...,.__.....};_,9 CALL RCj_l:__( HMAXJ&"IN ’UBvUC,H1'HZvZH9£PS’

g 32 3NDWNINOB»1)ZWC-WMIN

BNOBWN(NOB,2)=WMAX=WC

CONTINUE
CALCULATION OF BNOWM

IF{IPRE(3).EQ.12G0TO 1111
DO _S30 IS=1,NMS

IF (NSDAT(IS)NE.OIGOTO 500
IFCISTYPIISILEC.O)GOTO 500

ZH=C.0
IR 2xNFS+NcTORILIS)

READ(LB*IR) (ZM (J)sd=1,NTOB)
00 250 I=1,NTOB

IF(ZMUI) oG T 2H YZH=ZM (I

| CONTINUE

IRSNSTORI(IS)
READ(LS*IR) WM

D0 4aog NOB=1,NT0B
WCZCENTF (NOB)

DO 350 IZ1,NM(IS)
IF{WMi1,])4GTewC) GOTO 355

CONTINUE
IzI-1

WRB=WM(1,1)
IF(TelLES1)KRB=WMI1,1)

e g s s e

W e LR R

Yy

Lo ke ey

s et e

i

N TR,

=

i P« o A ) b, . T ey s e ey 3t




R S MR it ienk i

ORIGINAL PAGE 9
OF POOR QUALITY

i . S6 e WizWCx(1=EW)
sy 57. W2=WCx({14EW)
} 55 CALL VICAL (WB W1, W2, WRB,ZH)
y 59, CALL RCAL(WMAX JUMIN WBoWCyWloW29ZHeEPS)
, 0. BNDOWMINOB, 1)=WC=WMIN
L 61 BNDWMENOB, 2)=WMAX=LC
L. 62 400 CONTINUE
N 63, IR=NSTOR(IS)
* &l , WRITE(LIS*IRIBNDWM
» €S, 500 CONTINUE
; 56 o WRITE(6,%)ENDWN L
g 6T WRITE(&y*)BNDWM
2 68, 1111 RETURN _
g:a 49, C##t#ttt##*##*#*#####t#*#*###########ltt##t*t‘tt####t*ttt##ttttt#t#
L N 70. SUBROUTINE VICAL (WD W1sW2,WRB,ZH)
A ‘ 71. COMPLEX X,Y ~
. T2 G (Y4aZHEX2 X WRB ¥ 2= 2% WRBx%2 )
5 . 73 AL==G/2.9 .
o T4 PHI=(4%WRREXYaGH=2)260,5
% 7S. XZCMPLX(AL,PHI)
s TE, Y=CSQRT(X)
3 77 ALPHA1ZREAL LY)
3 7€, PHI1=AIMAG(Y)
> 7%. AAZ==1,0/(4%ALPHAL)
80, 382=3.0
3 8l. CCZ==AAZ
1 82 OD2Z=-BRZ
: 83, TERMIS(AAZ/2)%ALOG(W2#¥2+2 % ALPHA 1MW 2+ALPHA 1%%2+4PHI12%2)+((BB2Z -
8 84, #ALPHAI%AAZ) /PHIL)I®ATAN((W2+ALPHAL)/PHT1 )=l (AAZ/2)%AL0G(WI%E242%
g 8¢, HALPHAIXW I+ ALPHAL#RZ+PHI14%2 )+ ((BBZ-ALPHAL%AAZ)/PHI1)=ATAN((W1+

86 SALPHA L) /PHIL))
{ 87. TERM2S(CCZ/2)%ALOG(W24%2=2% ALPHAL#W 24 ALPHA 1 %% 2¢ PHI1%%2) ¢+ ((CC2Z%
38, SALPHA140DZ)/PHII)*ATAN((W2=ALPHAL)/PHI1)=((Cr2/2)%ALOGIWLI B 2=2%
% 89, SALPHAI®W1+ ALPHALS%24PHI1 %22 )¢ ((CCZ*ALPHAL+D0Z)/PHILIXATAN( (WL~
I A 9C, *ALPHA1) /PHI1))
: 91. WDS(TERM1+TERM2)/ (W2=W1)
: 92, RE TURN
; 932 C*t#t#t##**#t#&****v##t###*#t*##‘#tt#####t##t#ttt###t##t#*#t##ttt#t
z 94, SUBROUTINE RCAL(WMAX,WMIN,WByWC oW1, W2,2ZHyEPS)
9%, DO 100 K=1,2
96, CZEPc%WB
97. DW=BWxWRE
98 e W3=WRE
99, IF(WRBoeLTeNCeANDKsEQe2 )W3I=WC
190. IF(WRBWGT  WC AND oK eEQel)WI=NC
101, CALL VICAL(W,W1lyW2,W3,2H)
~ 102. DETO=W=C
- 103. WROZW3Z
- 104, I=(KeEQa1)WR=WRO~DW
Lok 105, IF(KeEQe2)WRSWRO+0DW
NIZ 10
ER=S,.,0
10 CALL VICAL(WyW1lyW2sWRy2ZH)
DET=W-C

IFC(DETO0LTe0e0.ANDDET4LT.0+0)G0T0 20

IF(DETOQGTcUOD.AND.DET.GT.U.D,GOTO 20
FIRST=WRO

L T e, il iy e e AL R

reseriery -

TEmeRes

1




- i R : 4 ‘ W
T o - | : ()
- CRIGINAL PAGE (€ "

OF POOR QUALITY S
- ;
- 1
113, RASTSWR
114, IF(K.EGe2) GOTO 20 IR
. & - FIRST=WR P
116, RAST=WRO ve T %
117, GOTO0 20 g
118, 20 WRO=WR S
119, DWZBW*WR R
120. IF(KeEQel)WRZWRO=DW St
32l IF(KeEQe2) WRIWRO*DW R
122, OE 10=DET :
124, GOTO 10 )
125, Cxwu®  NEWTON RAPHSON ITERATIQN .
12¢. 3g J=2 C
127, XFQYO=FIRST L
126, YDETO=DETO ' ¢
129, XFQYN=RAST ;R
130, ~ YDETN=DET o

- 131, NIT=0 o
; 132, YMAXZAMAX1(ABSIYDETO),ABS(YDETN)) ey b
. 133, 4C EP=A3S(YDETN/YMAX) P
3 134, NITSNIT+1 S
¥ 135. IF(EP.LELER) GOTO S0 _ -
. 13¢. IF(NITJGTNI) GOTO S50 A
- 137. X1ZXFQYN=XFQYO SE
3 138, Y1=YDETN=YDETO ; !
; 139, XYizx1,Y1 , BT
: 14C. WR=XFQYN=YDETN*XY] TR
L 8le  IF(WRLLT.50,)G0TQ 51 _ SR
: 142, CALL yICAL(W,W1,W2,WR,2ZH) ; :
: o143, DET=w~C Fp
; 144, XFQYO=XFQYN B
S L }- 7 YDETYOSYDETN )

; 146 XFQYNZWR o
3876 YDETNZDET SR
: 148, GOTC 40 ) SR
R 11X S0 CONTINUE L
: 150, TFIWRGLTeFIRST.OReWReGT4RASTIWRZ(FIRST4RAST)I/ 2,0 SR
151 51 IF{WR.LTe50.)WR=0, R B
‘ 152 IF(KEQe1)WMINZWR S
153,  IFtKeEQe2) WMAXZUWR R
154 160 CONTINUE SEI
155, RETURN SN
R 15€. END o
i .
JFTN 896 IBANK 380 DBANK Pt E
2 SO 8 §
:
ST S P ks I R el




W a TR T e o - - Pt )
T ORIGINAL PAGE (g
~_ OF POOR QuaLIiY L

: 2 S__XXeMULCV o XX
'y LORIA 12/14/83-18:38(5¢&,)
1 le (O b ncheahucbuabs.ckote bbb sl .cbe b o ol e e o ol b ol b e b e e e b b ik, 8 b e e ol 3= A §

%F -
B -

2. SUBROUTINE MULCV(WNMC,EIMTX yAgDoVLNMVLNMI, Wy oWMOy IGEMOV, ; i
* Je CAREAQ V,CENTF  NAMNAMMC yNOO JNOM NI N, NMO,NV o NInFQY, ‘t,
| 4o ENTOB,LBAND,MBAND,L16,L1T7,I0PMDyMCPyNGyVAL,TOT) ; 8
| L Se Cx "
Ee Cx% |
B Te Cx PERFORMS ACOUSTIC COMPONENT MODE SYNTHESIS W
! 8e C* ‘
3 ) 9. C» |
| 1C. COMMON/AREA3/ ZERO,EPS,BW,ER |
11, ITMENSION WNMC (NAM) ,EIMTX(NOM,NOO), !
{ 12 EVLNMUNAM,NMO) o VLNML(NAM ¢NMO ) ,WN(Y 4NAM,NV) ,WMO(3,NMO,NCO) :
13. EyIGEMOV(2,NOO) 4AREAC(NGO) 4V INV) ,CENTFINTOB) ,JOPMDIMCP,NV)
. 14, EyVALINMO), TOT (NMO) :
1{ 15, DOUBLE PRECISION A(N1,N),D(N,N),DETBS,FTST !
: 1¢ . DOUBLE PRECISION VLFT,VRT,FCYL,FQYR,DF,YMAX yDER,VRAST,RAST,VLTST N
? ) 17, NAM1=12 2 i
[ 18. WRITE (6,%)NCM,NOO,NG K
t 19 _ 1STP=0 -
2C. FOTLOSCENTF(LBAND)*(1,=BW) :
21, FOTHIZCENTF (MBAND)%(1.,+8W) !
[ 22. DO u I=1,MCP 3
t 23, 00 4 J=1,MV X
| 24, 4 IOPMD(I,J)=1 ;
25, ICT=NG !
- 2t WwNMC(1)=0,0 Y
! : 27. Ks2 | ;
28, FOYLSDFLOAT(FOTLO} -
{ 29 DF=FQYL%*DFLOAT(DFQY) )
30, WRITE(6,%)DF,0DF '
: .31, CALL_ GOVERNIFQYL) ; .
{ 320 CALL DETER(VLFT) : ;
'[ 313, WRITE(6,%)0F,DF N
34, DER=DFLOATU(ER) : P
: 35, Cosssnss  STEP THROUGH FREQUENCY RANGE E
| 3¢, 10 FOQYRSFQYL*LF Feo
| 37, CALL GOVERN(FQYR) ; i
38, CALL DETER(VRT) i i
35, , WRITE(E *IFQYL 4VLFT,FOYR,VRT '
! , 40, IF(FQYL.EQ.FQYR)ISTOP °*ENDLESS LOOP BEGUN®
fL? 41 IF(FQYRGTDFLOAT(FOTHI) o ANCoK LEL,2)STOP °*NO FREQUENCIES IN RANGE
| 42, IF(VLFT*yRT)43,30,20
Ny 43. 20 VLFT=VRY
g , 44 FOQYL=FQYR
: 45, IF(ISTP.GE 4 2)DF=FQYL*DFLOAT(DFQY)
| 4E .o IF(KeLE.2)CF=FCYR%411500
{{ 47, ISTP=ISTP+1 : :
L : 48, - GOTO0 10 o T Pt
, 49, 3C FTST=FQYL T
50 VLTST=VLFT .
51 GOTO 90 ,
52 C*uxxxx CLOSE IN ON NATURAL FREQUENCY
530 ‘40 IF(ISTP.LT.Z”THEN
S4. OF=DF 72.00
55 GO0TO 10
T X

L e J S R R e = A e T e e i Dot )
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X
56, ELSE
; 58, YMAXZOMAX1(DABSIVLET),DABS(VRT))
- 59. RAST=FQYR
: . __60. VRAST=VRT
3 61, 00 83 NIT=1,NI
: 62 FYIST=(FQYL*VRT~FQYR®VLFT)/(VRT=VLFT)
* 63. CALL GOVERNI(FTST)
3 &4, CALL DETER(VLTST)
€S WRITE(6s%)KFTST,H,VLTST
. 66, IF(DABS(VLTST/YMAX)sLFeDER)IGOTO 90
. 67. IFCULVLTST#VLFT) LT« 0.00)60T0 73
- £8, _FQYL=FTSTY
: 65 VLFT=VLTST
: 70 GOY0 3@
: 71, 70 FQYR=FTST
. 72, VRTIZVLIST
- 73, 80 CONTINUE
. T4 Cxss%  STORE RESULT AND PREPARE FOR NEXY STEP
4 75, 90 WNMC(K)=REALIFTST)
: 7€ CALL GOVYERN(FTST)
] 77, CApL VEC
g T8, IF‘K.GE.NAHI)GOTO 130
1 79. FOYLZRAST
) 30, VLFT=VRAST
4 81, ICT=ICT~1
; 82. IF(ICTCLESCICALL OPMDI(REALU(FTST), K)
é 83, IF(ICTLESWDOIILCT=NG
8. KIK*l |
: 8BS I1STP=0
~ BE o GO _T0 10
87 100 CONTINUE
; . BBe _ WRITE(&,%)wNMC
8% c
| ~..90s . RETURN i — .
k 91 € Rraie e o o ek o s e o e e e e e e o o e o e o o ok XX Ko oo o ok o ade e o et o ok e o e e o ook o ek e R koo ok Ko ek T
{ 92, SUBROUTINE GOVERN(FQY)
: 92, DOUBLE PRECISION FQY
: 94 o Cx3%% FORMS THE GOVERNING MATRIX FOR ACOUSTIC COMPONENT wm0ODE SYNTHEcICc
L, 95, DO 13 I=1,NOO*NOM
] 9€ o DO 13 J=1,NOO%NOM
: 97. 10 D(1,4)=0.000
Zﬁ' 98 . 20 30 I=1,N00
= 99, Do 20 J=1,N00
S 100, IF(J.GT,11G0T0 30
> 101. IFtINE «J) GO TO 2C
] 132, KV=IGEMOV(1,I)
- 103, SGN=1,g
104, CALL EMTX(KV,I,+J,FQY,SGN)
135, KVZIGEMOV(Z2,J)
: _~_19§- - SGNz=1,0
k 127, CALL EMTX(KV,I JyFQY,ySGN)
2 108. IF(I.EQsJd) CO TO =3C
- 109, 20 KV=C
g 11C,. IFCIGEMCVI141) EQoIGEMOVI1,U)eORCIGEMOV(1,I)eEQeIGEMOVIZyd))
111. * KV=IGEMOV(1,I)
112. IF(IGEMOY(29T) eEQeIGEMOVI] o J)eORCIGEMOV (2,1)EQ IGEMOVLE2,J))
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313 * KVIIGEMOV(2,1)
114, IF‘KV-EQ.C’ GO TQ 3C
3185 Ls2

11¢e. IFCIGEMOV( 141) eECeIGEMOVIL o U)eORJIGEMOVIZ,]I)eEQeIGEMQVI2,J))
117 * L=

118, SGNZ(=1e )%

119, CALL EMTX(KV,T oJsFCY,SGN)

120. 30 CONTINUE

121, JFI(NOOLEQ.1)GOTO 45

122, DO 40 Iz1,NOOXNOM

123, DO 49 J=I,NOO®NOM

124, 40 D(1,y)=DtJd, 1)

125, 45 CONTINUE

12¢» DETRS=DABS(D(L,1))
127, DO 47 I=1,NOORNGM

128, DO 47 J=1,NQO%NOM

129« 47 Dt(1,J)=D(Y, J}/DETBS

13C. RE TURN

131. C#‘t#*‘*#*tt##**##***###*#*######*“‘tt*‘“#*‘#t‘*“*“*.##‘#*‘#l#‘###*!*
132. SUBROUTINE EMTXINVOL,I1,J9FQYsSGN)

133. DOUBLE PRECISION FQY

134, DOUBLE PRECISION S,S1,S82

135, IFCIGEMOVE1,1) JECaNVOL) INVZD

13¢. IFUIGEMOVIZ,I) EQeNVOL) INVZ=2

137, IRZ(INY=11xNOO+I

13€. REAC(LL7*IR) VLNM

139, IFCIGEMOVIE1eJd) oEQeNVOLIINVEL

40, IFUIGEMOVIEZ,J) dEQeNVOLIINV=2
141, IRZCINV=1)%NOO+J

142, READ(LLI7*IR) VLNM]

43, Cxxew SELECT THE MOST IMPORTANT NAMMC ACOUSTIC MODES AND THE
144, ce*e* QOPENING MODE SET FCGRp THE NAMMC ACOUSTIC MOOES

145, MZIOPMD(K/NG+1,NVOL)

146, S CONTINUE

147. L=a

148, DO S0 NRTMyM+NOM=]

149. LoL+1

150, MI=S(I=1)%NCM+L

151, J1=C

152. DO 43 MR=M,M*N(QOM.1}

153, J12J1+1

154, M2Z(J=~1)%NOM+J

158, $=0.00

15¢. JO0 10 NWNZi,NAM -

157« S2-DFLOAT(WNIY NWN,NVOL))2%2=FQysx2

158, IF(CABS(SZ) el TeleD0)S221.0C

159, SI=DFLOATIVLNMI(NNN MR)SVLNMINWN,ZNR))I/S2

16C. T§=s+s1

161, 30 CONTINYE ,
162 30 DIM1,M2)=(S/DFLOAT(VINVOL)/AREAOILI) /AREAO(J))+D(MYI , M2))
163, &£ *DFLOAT(SGN)

164. G0 CONTINUE

165, SC CONTINUE

ise. 111 CONTINUE

167 RETURN

168, CAXED RSB AR R R AR A X IR EE AR TR R ET R AR AEARERRE R I XX R SRR S a R R e R E R RN
1€9., SUBROUTINE VEC

set
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Lo 170, DO _€0_J=1.N
! 171, DO €0 I=1,N2?
| _&”711“2;!“__ e “‘IgJ)ZD(IQA’
i 172, €0 CONTINUE
‘I Y T M= 1
i 175, CALL DPINV(AGN1,MsN1,DETBS)
1 17¢ DO 90 I=1,NOO
{ 177, Do 50 J=1,NOM
— 1180 TISNQMR(T=10+J
179, EIMTXUJyI) = REAL(ACII N))
_.18C. .90 CONTINUE |
4 181, EIMTX(NOM,NOO)==1,C
182. WRITE(LIG KIEIMTX
183, WRITE(6, *)WNMC (K)
184, WRITE(6,%)EIMTX
185, 112 CONTINUE
18¢ . RE TURN
137. C Xtk oo o o ok o o e o o e ok oo o ot oz o o e a2k o ok ot o ok ok e e o o ok o o R ol o e o o o o o ok X o ko X
_ 188, SUBROUTINE DETER(DET)
139, DOUBLE PRECISION S,DET
19C. _ C=* ,
191, C* EFFICIENTLY CALCULATES DETERMINANT OF A SPARSE MATRIX
-,1?.2,' DET=1.D0
192, NM1=N=1
194, DO 139 J=1,NM1
195, Sz0tJ,dJ)
15¢. DETZDET®S
197, JP1zJ+l
198. _ DO 50 1zJ.N_
199. 50 DlJyINZDtU,TI)/8
: _2ac0., DO 75 JI1=JP1,N
7 201, IFID(JL1,J)eEQeCsDBIGOTO 75
| _202. ST0UJL,J) /Do)
; 203, 10 €3 ITJdyN .
¢ 204, €C D(J1,1)=0(J1,1)-D(J,I)8S
j‘ 205, 75 CONTINUE
, 206, 100 CONTINUE
i 207, DET=DET#DE TES
. 208, RE TURN -
20% . (o2 22 R 32 2 2 2 g Y Y Y Tl e I I T s L I I I I T I
210, ___C_#t#tttf_*######t*###*#####13t#####*t###*t#####*###*t#tt#t######’t##t
211, ~ SUBROUTINE OPMDU(W,K)
| 212, DO 100 NVOL=1,NV
213, DO 40 I=1,NMO
214, 4C VALtI)N=0,LC
: 215, DO 95 IS=1,N0OO
216 e INVZD
217, IFCIGEMOV(1,IS)EQ.NVOL)INV=]
218, IFCIGEMOVI2,IS).EQeNVOL IINV =2
219, IF CINVL,EQ,CIGOTD 95
220, IR=(INV=1)%NOO+IS
221, READCLIT IRIVLNM
_ 222, DO 55 NR=1,NMO
223, DO SO NWN=1,RNAM
) 224, S2ZWN(I NWNGNVOL ) e#2=ia®?
225, IFLABS(S2) ,LTele)S522160
226 VAL(NRISVAL {NR)I*VLNM(NWN NR)%%2/S2

[ T

JR

5 ed
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.
227, €0 _CONTINUE
228. WRITE(6,%)NR, VAL h
229, IF(VALCNR) JEQ.O)STOP °*NMO TOO HIGH® t
230. §5 CONTINUE %
231, TOT(1)30.0C ‘
232, DO €3 I=1,NOM g
233, €0 TOT(1)=YOT (1)+VAL(I) |
234, DO 70 I=2,NMg=~NQOM ' ’
_235. 70 TOT(I)STOT(I=2)=VAL(I=1)+VA; (TeNgM=1)
23€ . TOTHI=TOT(1)
237 DO 80 I=1,NMO
238, IF(TOT(I) L T.TOTHIIGOTO 8T !
p 23%, 1O0THIZTOT(])
! 240 IToT=1I ;
243, 80 CONTINUE :
: 242, 95 CONTINUE !
: 203, I0PMO(K/NG+1,NVOL)=1TOT )
244, 160 CONTINUE !
245, WRITE(6y%)K
246, WRITE(E+%) (IOPMDIK »1),IT5,NV) :
_247. NAMMCZNAMMC :
248, WMO(1,1y1)2WMOI(1,1,1) {
249, RE TURN |
250. END ;
FTN 1466 IBANK S80 DBANK 4 CCMMON !
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1y S
1CR1A

XX VPNMCy XX o

12/14/83=18:39(17,)

1”. C*‘*##k###t##*###***ﬁ**ﬁ#*###*t*#t**####a##**‘##**#*#4#1&#*****#***‘*#*#
e SUBROUTINE VPNMC(NNMC yWN yNAMgNV ,IGEMOV,NOO,NOM, AREAC,NMO,EIMTY,
3e R BPNMC, INDPNy NAMMCyVLNMyV,NPROBN yNAMT (NVT 4L S,L6,L16,L17,I0PMD,
4. *MCP 4NG)
e C=x
€ Cx
Te Cx CALCLHLATE THE MULTIPLE CAVITY ACQUSTIC CONSTANTS OF CCNSTRAINT
8e C=x
9. C% _ ,
1C. DIMENSION WNMC (NAM) ,WN (4 ,NAM NV),IGEMOVI2,NOO) ,AREAOINOC)
11l. Xy VLNM(NAMe NMO ) yEIMTXINOM,NOO) ,PNMCINAMMC ), INOPN(NV,NAM)
12 2, VINV) L, IOPMD(MCP NV
H~-!§q CHARACTER=%7D PLACE
G, PLACE=*SUERGUTINE VPNMC®*
15, WRITE(69%)PLACE
1€ WRITE(E,%)MCP 4NG,NAMMC
17, WRITE(Ey»)IO0PMD
18, PLACE=*IGEMOV"®
19. WRITEtE,*)PLACE
20 WRITE(E,#}IGEMOV
2.‘1‘- 00 9 I=1,NV
22, DO 8 U1, ,NAM
23 Canwss SELECT THE NEAREST NAMMC MODES ARQUND EACH WNMC
24, ' DO 4 NWNz=1,NAM
2%, 4 TFAWNCIJNWN,I) oGToWNMC(U)) GO TO S
26 5 INOgPNT1I,J)ZNNN ANT(NAMHC/Z"CQS,
,~M_21 - IFLINCPNIT,J)eLESD) INDPNIT,4)=1
28, 8 CONTINUE
29, CHaxn
30. IR INPROBN=1}%NVT+]
B 31, WRITE(LE*IR, ERRTIIIICINDPNETIoJ) yJZ1,NAM)
32, 9 CONTINYE
33, WRITE (6%} INDPN
34, DO € I=l,NAMMC
3»5. PNHC(I,:OoC‘
3¢, &€ CONTINUE
37. DO 7 NVOL=],NV
k1-3% PNMCt 1)=1.0
39, IRS(NPROBN=1)ANAMTANVT+ (NVOL=1)5NAMT+]
© 40 WRITE(LS'IRIPpNMC
4le 7 CONTINUE
42 DO 1300 NWNZ2,NAM
43, IFANWNSGE 1356070 1200
b4, READILIENWNIEIMTYX
B 45, PLACE="EIMTX"*
b€, WRITE(E,*)FLACE
. 47 NRITE(E,%)NWN
48, WRITE(E,*)EIMTX
nire D0 Sg0 NVOL=1,NV
50, Cx=s¢ SELECT THE NOM MODES FOR USE
51. MZTOPMDUNWN/NG +1,NVOL)
S ChE&kk
- 53 00 15 Izl,NAMMC
-S4, 1S PNMCUI)=g.0
. 85, DO 100 ISUR=1,NOO
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ORIGINAL PAGE [§ 5
OF POOR QUALITY o
J
g S€. IF(IGEMOVI],ISUR)CEQeNVOLIGE TO 18 |
. 57 IF(IGEMOVIZ,ISURDeNESNVOL) GO TO 13C Ty
Sg. SGN S =1,0C )
59, GO To 20 b
60 10 SGN= +1.0 ! ‘P
61, 20 VAL=0.0 .
| 62 IF(IGEMOVI1,ISURILEQ.NVOL) INVZY o
2 63, IF(IGEMOVIZ,ISURD<EQeNVOL) INV=2 L
i bk IRS(INV=1)%NOO+ISyR ‘
- 65, RZADILIT*IRIVLNM
: B 66 o PLACE=*VLNM VALUES®
E 67, WRITE(6,%)ISUR,NVOL
oy 68, DO 21 181,15 !
. 69 21 WRITE(E,*) (VLNMIIB +J8)9yJ8Z]1 NMO)
A 70, NWNMCZINDPN(NVOL yNWN) =1
71. DO 40 I=1,nNAMMC :
72 VvaL=0.C f
73. NWNMCINWNMC+1 :
) The NRzM=} !
, 75. DO 30 J=1,NCM '
7. VALS VLNMONWNMCONRI*EIMTX(J,ISURI+ VAL p
78, 3C_ CONTINUE !
79. 40 PNMC(T)=PNMC(I)+SGN*(AREAC (ISURDI®WNMC(NWN)%522aVAL) !
80. € /(WN(1,NWNMC NVOL ) *22-WNMC (NWND®%2)/VINVOL) i
81. 160 CONTINYE ; i
: 82 IRS(NPROBN~1)XNAMTSNVT+INVOL=1)SNAMT+NWN ]
- 83. WRITECLS*IR,ERR=111) PNMC Lot
R 84 ¢ WRITE(E ) #INYUN o
: 85. WRITE(G,%)1PNME i
- ! 8€ . 5C0 CONTINUE P
N 87. 1000 CONTINUE C
2 88, 111 CONTINUE o
: 89, RETURN P
90. END . ;2

FIN 536 IBANK 372 DBANK
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ORIGINAL PAGE I8

OF POOR QUALITY

i9S___XXePRMCAL 4XX,

10R1A 12/14/83=18:39(17,)

e SUBROUTINE PRMCAL(VLNMO,BPQ ,VMNPARMNVINM,CN,ZANNSRJA L AMN,
- 2. EWM0,0TM,00RG, ONODC WM ,STM ,SORGsSNODC WNMC ,WN,VTM,VORG yVNODC,
; k1 EIGEMOV,ISsV,IOTYP,ISTYP,IVTYP,MASSUR NM NSDAT,NSTOR.BNDWM,BNDOWN,
! 4, ECENTF o ZNDATALIPF EX,PNMC,INDPN ,AREA yAREAQ ,NOM,NOOyNAM,NMS,MX,NX,
| Se ENSoMNSS NTOB NSMXyNPFCoMXS o NV g MXV o NAMMC sNMQ oV o SCoNSC, ZMDAT, ZMLN)
‘ 6o COMMON ,SAREAL/10P,MOP(4),IPRE(4),IN,IOUT
: [ Ta COMMON/AREAZ/L Cgl 1ol 2oL 3oL 4L 8ok6el7+08,L9,L10,L21,L22,022,
' 8. &£ Li4,0L285,L26,0L17,L18
: S COMMON/AREAZ/ZERO,EPS,BW
: 10. COMMON/AREAU4/NFV NFSyNPFCT yNTOBTo Ny ToNST,MXVT ,MXST,NAMT,
g 11. € NSMT, MXT NXT,NAMMCT NSEACT
, 12, COMMON/AREAS/NPROB ,NPROBN MTAPE yNTAPE LoAND yMBAND, THBAND
? 13, COMMON/AREAB/ROQ,CO,VOL ,PREF,PI
14, CCMMON/AREAS/FAC,PSI,DPTI,DN,UP
15, DOUBLE PRECISION FAC(S57),PSI(60),0PI ON,UP
, 1¢. DIMENSION VLNMO(NAM o NMO ) oBPCIMX ZNX ,NSMX ), VMNPAINAM) ,VLNM(NAM),
| 17, ECN(NAM,NS), ZANNINAM) ,RJAINTOB), ;
, 18, EWMO(3,NMO,NOO) ,0TM{2,3,N0O0),00RG(3,MN00) 4ONGDCIMXS,y3,NOG),WML3,NcHX
5 1% €) g STM(3,3,NS),SORGE3I,NS)ySNODCEMXS g 34NS )y WNMCINAM) , WNC U, NAMaNV ),
3 20. EVYM(3,3,Ny), VORG(3,NV),UNOOC(MXV,3,NV),IGEMOV(2,NOO),ISVINS),
L 21, EIOTYPI(NOO),ISTYP(INS)ZIVTYP(NY),MASSUR(MNSS 2 NMS) (NMINMS) gNSOATINS),
" 22, ENSTOR(NS )y gNDWMINTOR,2) 4BNDUWNINT OB, 2) yCENTFINTOB), ZNDATA(NTOB,NS),
23. EIPF INMS) JEX(NPFC,NMS) ,PNMC (NAMMCc) ,INOPN(NAM ,NV) JAREA(NS),
: 24, EAREAOINOO) s RMN (NAM NV ) o VINV),SCINSC 4NS) yAMN(NAM,NV) ,ZMDATINTOB),
g - 25. £ _ZM(NSMX)
g 26 Cx=
% 27, Cs
: 28, Cx PARAMETERS NEEDED FOR MODAL ANALYSIS ARE CALCULATED
: 29, Cx PRMCAL DIRECTS THE CALCULATION FLOW BASED ON VARIOUS USER DEFINED
; 30. C» VARTABLES AND OPTIONS, THE FOLLOWING ROUTINES ARE IN PRMCAL:
; 31, Cx MULPRM: OPENING/VOLUME COUPLING FACTORS
; 32. cx% GENMAS: MULTIPLE CAVITY GENERALIZED ACQUSTIC MASS
g 33, Cx LNMCAL: MASTER SURFACE/MULTIPLE CAVITY CcOUPLING FACTORS
: 34, C* ZANCAL: ACOUSTIC CAVITY DAMPING FACTORS
; 35, C* ZMCAL: STRUCTURAL DAMPING
' 3€. Cx* RJACAL: JOINT ACCEPTANCE=-FREQUENCY DOMAIN
E 37 C* :
L. 38, Cx
: 39, Cx SURY: SURFACE INTEGRATION BY GAUSSTAN OQUADRATURE
i 40, Cx GLO:
41, C*x F:
42, C* '
43, C= SLX: SURFACE INTEGRATION LIMITS AND GEOMETRY DEFINITION
44, c* sSLY:
{ ‘ 45, [of ] SGEOM:
i Y€, Ce
- 47, cx* OLX: OPENING INTEGRATION LIMITS ANp GFOMETRY DEFINITIOQON
; Ug, Cx= oLY:
1 49, C* QGEOM:
£ 51, Cc% SIM: MASTER SURFACE STRUCTURAL MODE SHAPE
e 52 [ OIM: OPENING MODE SHAPE
%F 53, (o FN: MULTIPLE CAVITY ACOUSTIC MODE SHAPE
= Sk, Cx FNCAL: SUBVOLUME ACOUSTIC MODE SHAPE

NNEE 3
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ORIGINAL PAGE 33
OF POOR QUALITY, -

S€e Cx NORMS: STRUCTURAL MODE SHAPE NORMALYZATION FACTOR
S7. Cx% NORMA: SUEBVOQLUME ACOUSTIC MODE SHAPE NORMALIZATION FACTOR
S8 Cx»
S9. C» ALIGN: ANALYTICAL CALCULATION OF THE OPENING/VOLUME COUPLING,LNM
0. C* cO0X:
61. c* SQy:
620 Cx» S02:
63, (of J .
64 Cx ANGF : ANALYTICAL CALCULATION OF GENERALIZED FORCE
65. C* RVBJA:
b€ Cx ATJA:
67 C» PWJA:
68, o
69, C* PORTIONS OF MOST OF THE ABOVE ROUTINES ARE SUBJECT TO UPDATING
70. Cx WHEN ADDITIONAL SURFACE ELEMENTS ,VOLUME ELEMENTSy AND/OR EXTERNAL
T1. Cx* PRESSURE FIELD TYPES ARE ADDED 7O THE PROGRAM LIBRARIES.

. 72, C*
73. C2
T4 . Cxxk® OPENING/VOLUME COUPLING FACTORS
75, IF(LN.EQ.Z) GOTO 10
- IF(LN.EQ.Zy GOTO 3C
77« CALL MyLPRM
T8 GOTO 10C
79 Caxss  MULTIPLE CAVITY GENERALIZED ACOUSTIC MASS
80, 10 CALL GENMAS .
81, Cx%s% ACQUSTIC CAVITY DAMPING FACTORS
82 20 IF(IPRE(2).EQ.1) GOTO 1900
83. CALL ZANCAL
84, GOTO 100
8Se CAxunx STRUCTURAL MODAL DAMPING ASSINGMENT
8. In CONTINUE
87 CALL ZMCAL
88.  C®%%% MASTER SURFACE/MULTIPLE CAVITY COUPLING gACTORS
89, IF(IPREt(3)EQsL) GOTO 40O
9C0. IF(IOPLEQ.SIGOTO 40
91. ~ CALL LNMCAL
92 Cxskk  JOINT ACCEPTYANCE = FREQUENCY DOMAIN
93, 40 CONTINUE
S4, IF(IPRE(H) EQ,1)G60T0 100
9S. CALL RJACAL
96  CHunn
97 100 RETURN
98 ¢ C % o e oo o ok e afe ok o o ok ek ol o o o e o o e e ok ok xk 3 ade e o o o ok e o ol oo ol e e o a3k e v o o oo o ralk o ok ok ool e Xk ok
99 . SUBROUTINE MUL PRM
100. C* OPENING/VOLUME COUPLING FACTORS ARE CALCULATED N MU PRMas THE
101. C* COUPLING FACTORS ARE USED IN MULCV TO CALCULATE THE MULTIPLE
102, Cx CAVITY ACOUYSTIC RESPONSE CHARACTERISTICSe THE LNM CAN BE EITHER
103. Cx ANALYTICALLY OR NUMERICALLY CALCULATED., WHEN ANY NEW OPENING OR
1p4. Cx VOLUME TYPE IS AOpED TO THE PROGRAM LIBRARIES, THE LNM SOLUTION
108, Cs IS ASSUMED TO0 BE NUMERIC UNLESS OTHERWISE NOTED IN THIS ROUTINE.
10¢. Cx .
107, Cx
108. DIMENSION TA(3),CFiy,3)
139%. IWz1

.. 11C. NOM=NOM E.
i11l. C* CALCULATE THE ACOUSTIC MODE NORMALIZATION fFACTOR FOR SUBCAVITIES
112, C*

e T T L e il e W e T LR T Ry v g iy

e 447 ben

Y




ORIGINAL PAGE (&
OF POOR QUALITY

: 113, DO 10 NVOL=1,NV
g 116, DO 13 N=1 NAM
| _115e ___CALL NORMA (DA,NVOL 4N}
. 116, 10 AMN{N,NVOL)=DA
;o 117, _DO_1909 ISUR=1,N0O
118, ISZISUR
116, DO 11700 INy=1.2
* 120. NVOLS=IGEMOV(INV,ISUR?
: 121. Caus%  IDENTIFY TpE LNM ANALYTIC SOLUTION ,LTyP, TO BT USED
122, LTYP=C
_123, IF(IOTYPAISUR) oFGeleANDLIVTIYP (NVOL) ¢EQelNLTYP=]
124, IF(IOTYP(ISUR) ¢EQe2eANDSIVTYPINVOL) «EQe2)LTYPZ2
- 125, IFCIOTYPU(ISUR) sEQe3sANDIVTYP INVOL) oEQe2)LTYP=3
f 126, IF(IOTYPUISUR) oEQe3eANDIVTYP (NVOL) 4EQe 3)ILTYP=Y
1270 C* )
3 128, IF(LTYPeNE.O)IGOTO 150
. 129. Cxx%s  NUMERICAL CALCULATION OF LNM
3 130. DO 107 NWN=1,NAM
- 131, DO 100 MWM=1,NMO
1 132, VLNMO(NWN, MWM ) =00
. 133, VLNMO (NWN, MWM ) =SURT (1S, ISUR NVOL-HHH'NHNvIH)/AREAO(ISUR)
n 134, € /AMN(NWN,NVOL)
= 135, _100 CONTINUE
1 136, GOTO 9g0
A 137.  C*%x%s ANALYTIC CALCULATION OF LNM
g 138, 150 CALL ALIGN(LTYP,ISUR,NVOL,I1A,CF)
; 139, DO 200 NWNZ1,NAM
4 140, DO 230 MWM=1,NMO
) 141, BX=SOX(LTYP, ISURSNVOL yIA,CF NWN,MUM)
142, "BY=SOY(LTYP,ISURJNVOL 41A,CF NWN MWM)
z 1432, B2=SOZILTYP,ISUR\NVOL yTA,CF NyN,MWM)
: 164, VLNMO(NWN,MWM) =BX*BY*BZ/AREAO L ISUR ) /AMN(NWN,NyOL)
4 145 IF (ABS(VLNMO(NWN MWM))oLToZEROIVLNMOINWN,MWMIZ00
. 14€ 20C CONTINUE
g 147, C*%%% STORE VLNMQ IN TEMPORARY FILE
; 148, 900 IR=(INV=1)%NOO+ISUR
: 149 WRITS(LIT*IR) VLNMO
i 150, 1000 CONTINYE
3 151, 1111 RETURN
E\ 152 C 2ot oo e e e e ode o o o w6 oK ok e o o o ok e o o o o ok o ot ok o ool e e o ol ot e ook o ook o 3 ke e ol o ok R Rx ik Rk ok Rk ¥
. 152, SUBROUTINE GENMAS
3 154, c*
:—(-f 155« C % - .
= 15¢€. Cs CALCULATE THE GENERALIZED ACOUSTIC MASS OF THE MULTIPLE CAVITY
- 157, cx SYSTEM.ALSO CALCULATE THE PCRTION OF THE GENERALIZED MaSS IN
> 158, c= EACH SUBVOLUME,
- 159, c»
——’ 15C. Cx
: 161, IF(IPRE(1).EQ.,J) GOTO 10
162, IR=NPRgB
1632, READ(L3I*IRIWNMC
164, IRZNFV + NPROB
165, READ(L3*IR)IVMNPA
16€. IF=2%#NFV + NPROB
167, READ(LI*IR)ZANN
166 GoTo 1111
169, 1C IFINVJ.NEL1) GOTO 3CC
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R QUALITY

170, 00_220_I-1,NAM
171, RMN(I,1)=1.C
“_1]23 CALL NORMA(DMNS,1,I)
172, WNMCII)ZWN(1,I,1)
o AT%e 200 VMNPA(I)=DMNS*%2
175. IRZNPROBN
17¢ e WRITE(LG*IRIRMN
177. voL=vID)
178, ___GOTO 1111
175, 300 VMNPA(11=1,0
,w.._wl.g.g_f.. . DO I01% I:lvNV
181, 301 RMNI(Y,I)=y(I)/VvOL
j 182, 30 600 NWN=2,NAM
; 133, VMNPA (NWN)=C,10
184, IF(NWN,GE«12)G0T0 €00
, 185, DO S70 NVOLS1,NV _
: 18€. IRS(NPROBN=1) XNAMTENVT*+INVOL <1 ) XNAMT +NWN
i 187, READ(LS IR} (PNMCII),I=1,NAMMC)
- 188, A=0.0
186, DO 430 NUNMC=1,NAMMC
19C. ASPNMCINWNMC)=%2+A
191. 400 CONTINUE
192, VMNPA (INWN)= VMNPA(NWN) + A/VOLw% VINVOL)
{ 193, RMN{NWN,NVOL)ZA®VINVOL)/VOL
194 SCO CONTINUE
195, DO 550 I=1,NV
19¢, 550 RMN(NWN,I) ZRMN(NWN T )/VMNPA (NWN)
197, 603 CONTINUE
158, WRITE(L4*NFROBNJIRMN
199, 1111 CONTINUE
200. IF(IPSE(1).EC.1) GOTO 1112
201. IR= NPROBN
202, WRITE(L2"IR) WN
; L ED IRSNPROEN
; 204 . WRITE(LI®IRIWNMC
: 205, IR=NFV+NPROEN
206« WRITE(L3I®IRIVMNPA
i : 237. =
§ 208, ¢
' 209, 1112 RETURN
210. C*##t#*##**####*##**********###*######*####*#*t#######**#*###***#####
211, SUBROUTINE ZANCAL
- 212, c*
213. Cx
B 214, C*¥ ACOUSTIC CAVITY CAMPING FACTORS ARE CALCULATED FROM THE ACQUSTIC
— ‘ 215, Cx ABSORPTION OF EACH SURFACE AND THE ACOUSTIC MODE SHAPES. ALL
' - 21¢€. C* INTEGRATIONS ARE NUMERICAL., THE ACOUSTIC ABSORPTION OVER EACH
217, C* SUBSURFACE IS ASSUMED TO BE CONSTANT, THE END RESULT IS AN
; 218« C* ESTIMATION OF THE ACOUSTIC DAMPING OF EACH CAVITY MODE. IF THE
| : 219. C* CAVITY DAMPING IS GIVEN AS DATA, 2ANCAL LOADS PLACES THE
220, C* INFORMATION INTO THE CORRECT ARRAYS IN THE CORRECT UNITS.
221 c2 :
222, Cx ABSOPSTION COEF= 8xRO%C0/ZA WHERE ZA IS SURFACE IMPEDANCE
223, c* DATA IS IN THE FORM OF ABSORPTION COEFFICIENT UNLESS
| B 224 4 Cs EXPERIMENTAL CAVITY DAMpING Ig SPECIFIED. THEN IT IS
P~ ‘ 22%, Cx* IN THE FORM OF C/CC (PERCENT OR CRITICAL DAMPING)
228 ¢ Jw=2

B TR L e - ST

30 e By e 51

o

st

i e o v

T S}

R R

L% e W R




SRR RGN mIR R R e T T

CEEE TR

ORIGINAL PAGE 12
OF POOR QUALITY
cee8lTe IF(MOP(3),NEs1) GOTO 20
228 Cxwo# IF CAVITY ODAMPING SUPPLIED BY DATA
_225e ISUR-1
230, DO 10 NWNZ1,NAM
. 231e 10 ZANN(NWN)IZZA(WNMCINWN),ISUR)
232, 6070 100
233, Caxws CALCULATION OF CN AND ZANN
234, 20 CONTINUE
235, DO 15 NVOL=1,NV
23€. DO 15 N=-i1,NAM
_ 837 CALL NORMA(DA,NVOL,N)
238, 15 AMNIN,NVGL)IZ=O0A
239, DO 20 NWNI1,NAM
c40. 30 ZANN(NUN)-U.
241, IR=NFV+NPROE
T4, cEREE LOAD PREVIGUSLY CALCULATED CN IF STILL VALID
43, IF(IPRE(1).EQsL1) READIL2"IR) CN
244, Cxess
2454 DO €3 ISUR=1,NS
246, IFCISTYP(ISUR) LEQaO) GOTO €0
247, Ic=ISuR
248, NVOL=ISVI(ISUR)
. 249, DO 50 NWN=Z1,NAM
2Sp. ZANZZA(WNMC (NWN),ISUR)
251, c
252, IF(IPRE(1).EQel) GOTO 4n "
2532, IR=(NPROBN= LJ*NAHT*NVT*(NVOL-X)#NA%T#NHN
254, READ(LS*IR)IPNMC
2554 CN(NWNyTSURDIZSURI(IS,ISUR NVOL yMWM NWN, IW)
25¢ ., g
_257. [ -
258, 40 CMZCNUINWN,ISUR)/ZAN
259, ZANNCNWN)ZZANN (NWN ) +ROSCOX®Z4CM/ (20VOLXVMNPA(NWN) * WNMC I NWN) )
260, S0 CONTINUE
261 60 CONTINUE
262 IRSNFV+NPROEN
263, WRITE(L2®IR) CN
264 . 1C0 CONTINUE
265, IRZZENFV+NPROBN
- 26¢€ . WRITE(LI*IRIZANN
267 1111 RETURN
268, FUNCTION ZA(W,ISUR)
269 DO 10 I=1,NTOB
270, W2=CENTF (I )+BW*CENTF(I)
271, . IF(W.LE.W2) GOTO 1t
272, 10 CONTINUE
273, 1=1-1
274, 15 2A=ZNCATA(I,ISUR)/B8./R0/CO
275, IF(MOP(3)EQa1)ZA=ZNDATA(I,ISUR)
27¢. RETURN
- 27_2. C*##*#*###**###***#**###*####***#*#######*t**##t*##*##g&#***#*#**##ﬁ
278, SUBROUTINE ZMCAL
279, Cx
280. C* ASSIGN THE DAMPING TO EACH STRUCTURAL MOpE BASED ON THE BAND
281, C#= AVERAGE DAMPING CATA
282. C*
283, DO 100 ISURS-1,NMS
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284 . IF(ISTYP(ISUR) EQeD) _GOTIO 180
28S. IR=2&NFS+NSTOR(ISUR)
28¢€ . READ(LB*IR)IZMnAT
287. IRSNSTOR(ISUR)

288, READI(LS IR IWM
289, DO 75 MWMZ1,NM(ISUR)
290. DO 50 NOB=LBAND,MBAND
291. WIZCENTF(NOB)%®(1~BUW)
292 W2=CENTFINQB)*(1+BW)
293. IF (WML MWM) oG TaW2OReWMIL, MIM) LT K1)GO0T0O €0

294, SC_CONTINUE
295, NO3=NOB -1
296 . €C _ZM(MWM)SZMCAT(NOB)
297, 75 CONTINUE

298 IRZNFS+NSTOR(ISUR)
29% . WRITE(LO*IRIZM

__300. IRSNSTOR(ISUR)
3i01. WRITE(LE*IRINM(ISUR),ISTYP(ISUR),AREA(ISUR)
302 100 CONTINUE
303. RE TURN
0L . CRE AR R ERR R B R REREEERAR AR LA EE R AR R X X R R kxR gk ks Xk
305, SUBROUTINE LNMCAL
306 . C*
307. Cx
308. C* MASTER SURFACE/MULTIPLE CAVITY COUPLING FACTORS,VLNM,ARE CALCULATED
309, C* FOR THOSE STRUCTURAL/ACOUSTIC MODAL COMBINATIONS THAT HAVE
310. C* SIGNIFICANT CONTRIBUTION TO THE SOLUTIONe ALL INTEGRATIONS ARE
311. C* NUMERICA_.

__312.  Cx
313, Cx
314, IWw=2
315. DO 100 IST1,NMS
316, IFLISTYP(IS)aEG.B) CGOTO 100
317. IF(IPRE(Y1) eEQeleANDNSDAT(ISI NELO) GOTO 100
318, IRZNSTQRIIS)
319 READ(LGYIR)I ((WMIT9g)sI=1,3),J=1,NM(IS))
320, READ(LIS*IR)IBNDWM
321. C* NOTE THAT THE AMN(NSM,1) ARRAY IS USED YO ErrICIENTLY
322, C* NCRMALIZE THE STRUCTURAL MODE SHAPES SUCH THAT THE
323, C*x GENERALIZED MASS IS 1.0
324, DO 10 MWM=1,NM(Ig)
32%. 10 CatLlL NORMS (AMN (MWM,1),1IS,MkM)
32€ . Cxxe® SKIP IF SURFACE TYPE DOES NOT USE BPQ
327 GOTO(20,3C4204300930+30+28,30),ISTYPLIS)
328, C .
329. c
330. 20 READ(LIZ*IRI(C(BPQUT qUoK) oI gMX) gJS1yNX) K1 ,NMEIS))
331. Chaxs '
332 30 CONTINUE
333, DO €0 MWM=1,NM(IS}
33“0 H:l
33c, DO S0 NWN=1,NAM
336 . VLNMINKN)I=C.0
337. Cxask UgE BNDyM AND BNDWN TO LIMIT LNM CALCULATIONS TO SIGNIFICANT TERMS
I8 . C e ‘
335, WES(WNMC INRN)* WML ,MWM) )/ 2aC
34Ce 00 25 NOB=1,NTOB
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ORIGINAL PAGE [T
OF POOR QUALITY
341, JF(CENTFI(NOB) «GT.WCICOTO 2¢
3ug. 35 CONTINUE
. 3u3. 36 CONTINUE
44, MZNOB
__3us, IF (WC=WM(1,MWM).GT.BNDWM(NOB,1))1GOTO SO
J46e. IF(HHLIoHHH)-HC.GY.BNDHM(NOE.Z))GOTO s0
47 IF(WC=WNMC (NWN)oGToBNDWN (NOE _1))G0TO SO
348, IF(UNHCINUN)-HC.GT.ENBHN(N08.2)lGOTO 50
e 349. C
3S5C. C
351, Cxess -
352, 37 CONTINUE
353, DO_40 I=1,MNSS A
354, IF(MASSUR(I,IS)EQe) GOTO Sp
358 . ISUR=MASSUR(I,LIS)
35¢. NVOL=ISVIISUR)
35_”7,.. IF(NV.GTL1THEN
358, IR=(NPROBN~1)%NAMTENVT+ {NVOL=1)*NAMT ¢+NWN
359, _READ(LS®IR)IPNMC
I6Ce. ELSE
361, ENOIF
362, 40 VLNMINWN)ZVLNM(NWN)+ SURICIS,ISUR, NVOL'MHH.NHN.IU)/AnntMNH,1)
363, IF (ABS(VLNMINWNDY) oL TeZERO)IVLNMINWN)=CLD
364, VLNMINKN)SVLNM (NWN ) /AREA(IS)
365, SC CONTINUE _
36€ . IR=(IS=1)%NSMT*MEM+NSMTENST S5(NPROBN=1)
267, KRITE(LT*IR)IVLANM
368, €C CONTINUE
. 389. _ 10C CONTINUE
I7C. 1111 CONTINUE
371, RETURN
172, I I I I T T
373 SUBRQUTINE RJACAL
IT4. cx
) 175 C» )
It C* RJACAL CALCULATES THE JOINT ACCEPTANCE FOR MOCAL ANALYSIS
377 Cx GIVEN A RANDCM EXTERNAL PRESSURE FIELD
378, C* ;
379, Cx
280, DIMENSION DXx(8),DA(8)
I81. NGP=8
282, IN=C
283. NGPLl=NGP/?2
284, CALL GLOtDA, Dx.‘lluoloo NGP 4NGPY)
385, DO 100 IS=14NMS
38¢€ . IFLISTYPIIS)LEG.T) GOTO 100
387, I<yyR=1S
88, NVOL=D
389, cx%%% 1F DATA oN MASS <TORAGE, TPEN <KIP TO THE NEXT SURFACE
390, IFLIPF{IS)EQ.0) gOTO 100
391, Cxsé¢s READ IN MOCAL RESPONSE DaTA
39 IRSNSTCR(IS)
393, READ(LSIR) WM
I94, READ(LIS*IRIBNDOWM
19%. Cx NOTE THAT THE AMN(NSM.1) ARRAY IS USED TO EFFICIENTLY
"396 4 C%=  NORMALYIZE THE STRUCTURAL MODE SHAPES SUCH THAT THE
397 C* GENERALIZED MASS IS 1.0
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398, 0.0_10 MWM=1,NM(1S) A o,
399, 10 CALL NORMS (AMN(MWM 1) ,IS,MuM) !
400, Ceuss  BRANCH TO ANALYTIC CALCULATION OoF RJA IF THE MODE DESCRIPTION b
401, Csxex IS IN FOURIER SERIES FORM OR IS IT IS TO BE ANALYTICALLY CALCULAT H
402, IF(IPF(IS).EQe4)GOTO €0 -
4n3. GOTO(ED,60,60,30,30,304€60,6C),ISTYP(IS) o,
“0‘{‘- C . |
40S. c
40€ o Css%%  NUMERICAL CALCULATION OF RJA
4a7. 30 CONTINUE
40E. DO S0 MWMS=1,NM{IS)
405, DO 40 NOBZLBAND,MBAND ¢
410. RJA(NOS; =0.0 :
411, IF(CENTFUNOB)=WM 11 ,MWM) . GT o ENDWM(NOB,1))GOTO 4O
412, IF (WM, NuMI=CENTF(NOB) «GT« BNDWMINOB+2) )JGOTO 40 )
413, c ;
w14, CALL SLX(AA,mR,IS) !
41S. HIZ(B5-AA)/2.0 :
416, G3=/BB*AA)/2,0 . N
“17. ~ G3z0.0 :
418, C o ) :
419, DO 8 L=1,NGP !
420. XMSH3I*DX(L) +G3 ]
421, AK=H3I*DA(L) |
422, CALL SLY(CZ,02,XM,1S) H
423, H1I-(D2-C2)/2.0 .
424, 61=(D2+C2) /2.9 o
425, Q1=Cep H :
426 . c IR
427, DC € I=1,NGP £y
428, UIZH1%DX(I)+G1 o
429, AIZHI*DAL(I) A
430, C1=AA IR
431 D1=83 ff 2
432, H2=(D1=C1)/2.0 B
433, G2=1(D1+C1)/2.0 i
434, QZ:D.O i
435, ¢ '
436 DO 4 JUz=1,NGP !
437, VJSHZ3DX (J)+C2 |
438. AJ=H2=DA(J) |
439, CALL SLY(C,DyVJ,IS) I
440, H=(D=-C) /2,0 !
44 1. G:‘D*C)/ZOB
Uy 2, , Q=0.0 !
wu3. c i
444 DO 2 KS1,NGP i
4y4s . WK=H*DX(K)+G !
L4E o CALL SGEOMUIXM,UI 4 XVoYVy2ZV 4 GFCoyAJP9ISoISUR,NVOL,y IW) !
447, CALL SGEOMIVJyWKsXVsYVeZV,GFyAdy IS ,ISURSNVOL,IW) :
448 2 QSQeDALK)*SIMIXMUTI »ISoMWMIASTIMIVUI,WKoIS,MWNMIRGFRGFCR
449, 3 AJEAJP#PFCF (XM,UI,VJ WK ,CENTFUNOB) +IS,IN)
450 4  Q2:Q2+Ay%H=Q
4S1e € Ql=Ql+AI=Q2
452 8 Q3=Q3+AK=2Q1
453, IF(ABS(Q3).LT.25RG2030.0
‘454 6 C

i
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455 __RJAINQOBIZQZ/AMNAMWM o1 )%%2/ AREA(IS ) %52

45¢. 40 CONTINUE

457 o IRZUINSTORAIS)=1)NSMT tMWM

: 4sg. WRITE(LIO*IRIRJA
_.u89. 50 CONTINUE

4€0. G070 100

4él. C

462 C

463, Ce#xs ANALYTICAL CALCULATION_ OF RJA

464 . €0 IF(IPF(ISY.EQo4)CALL PFCAL(IS?

465 . IJF(IPFLIS)LEQ.4)GOTO 100

QEE . IFCISTYPUIS) eNEe2eANDSISTYPIIS ) el ToT) CALL ANJAFS(ICS)
467, JF{ISTYP(TIS)eEQe2eCReISTYP(IS)GE W7 ) CALL ANJASS(IS)

4¢8, 10C CONTINUE

469+ 1111 RE TURN

470, (2323833 2222222223 223222323 22322122 2232223323224 22333 33 3 4
471, FUNCTION SURI(IS,ISURSNVOL MWM,NWN,Ik)

472 C*

473, Cx |
474, C* NUMERICAL INTEGRATIONS FOR ALL PARAMETERS EXCEPT THE JOINT

B 47%, Cx ACCEPTANCE ARE OBTAINED BY SURYI WITH GAUSSIAN QUADRATURE

47¢. Cx THE INTEGRATION IS TWO DIMENSIONAL AND CARRIED OUT IN THE SURFACE
477, C® ELEMENT®*S CooRDINATE SYSTEM, THE INTEGRATION REQUIRES

478, C* APPROPRIATELY DESCRIBED SURFACE LIMITg,THE SURFACE INTEGRATION
479 . Cx JACOBIAMN, AND THE GECMETRY CORRepCTION FACTORs THE SURFACE LIMITS
480, C* ARE SET IN SLX AND SLY, THE JACOBIAN AND THE GEQHETRY CORRECT IOy
481, C* FACTOR ARE CALCULATED IN SGEOM,

482, DIMENGION Dy(8),DA(8)

483, NGP=8

484, NGP1=NGP /2 -

L 48%S . CALL GLO(DA,DX3~1ealovleOyNGP NGPL1)

486 . IF(IWLEQal) CALL OLX(AALBB,ISUR)

487, IF(IW,NEWS1) CALL SLX{AA,BE,ISUR)

488, HI=(BB=AA)/2.

489, G1=(BB+AA)/2.

49C. Ql=C,

491l 30 4 TI=1,NGP

492, UTIZHIXDX(I)+G]

493, ATZHI%DA(])

494, IF(IWNEQe1)ICALL OLY(CDyUILISUR)

495 . IF(IWNESI)CALL SLY(CoDyUI,yISUR)

496 . H=tD=C)/2¢

497, G=(D+C)/2.

498, Q=0

499, DO 3 Jz1,NGP

$00., VJ=HROX(J)*G

501, 3 Q=Q+DACUIRF (UT yVJ eI ISURNVOL,IW,NWN MWM)
502 4 QI=Ql+Al%RH=Q
503 SURI=C1
S04, RE TURN :

 505e  CHRSRSERERBEKRBRKEREABRAKEETERARBBERBERRESREE MR EXRR AR B BRAR KNS

SD€E o SUSROUTINE GLO(DA,DX+CyDNGPyNGPI1)

527 - DIMENSION DX(NGP) DA(NGP),XX(8),A1(8)

Sp8e DATA (XX(I)gAl(Il, IS1,4)/
$0%. & +9€028985€4,01012285362

51Ce €9 e7966664TT4,42223810344

511, €9 05255324099, 3127066458

=
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513, DMC=(g.500% (D=C) o
Slb. DPC=0.500%(D+C) o
515, D0 2 I=1,NGP1 4
S16e NIZ(NGP+1) =T 4
517, DX(I)==DMC%XX (I)+DPC o
518, DX{NI)=DMCEXX(I)+DPC _ f
519 DA(I)=DMC#AL(I) |
§20. 2 DAINII=DMC=AL(I)

521 RETURN

822 CAXSBEE R R EAXRERX XXX EXFABZFFAEXEBBRXERIRERE LSRR Y RX G FREEBRE A EE R R RRB R RRE R -

523, FUNCTION F (XTI oYT oISoISURGNVOL ¢IW o NWNyMWM) |
524, IFSIWNE 1) CALL SGEOMUIXI,YI, XVeYV,ZV,GF,aauslS, o
525 . EISUR,NVOL ,IW)

52€ . GOT0¢10,20,30,40),1W !
527. C*##&  CA_LCULATE LNM FOR MULCV S
€28 10 CALL OGEOMIXI YT XV,YV,ZV,T1cUR,NyOL yAJ) ;
£29. FSOIMIXTI,YI,ISUR,MUMIKFNCAL (XV,YV,2ZV,NVOL,NWNIRAY .
£30. GOTO 1111

531, Coyns CALCULATE LNM FOR STRUCTURE/MULTIPLE CAVITY

532, 20  F=SIMIXI,yI, IS, MWM)FN(XV YV, 2V,NVOL,NWUN)I*GF®AJ ’
533, GOTO 1111 ;
S34.  C#*s%x  CALCULATE CN FOR ACOUSTIC DAMPING A !
535, 30 FZFN(XV,YV,2ZV,NVOL JNWN)S&22GF %AJ L )
536, GOTO 1111 )
537. [ CALCULATE QMW FOR GENERALIZED FORCE IN FREQUENCY DOMAIN !
538, 43 F=SIMUyI,¥I, IS MUM)IOPFCF(XCo,YCoXPoYPsWCoIS,IN)RGFRAY J
539, GOTO 1111 !
540 Chx s

S41. 1111 RETURN ;
B42e C e o e e o 2 o ade e ok age afe e xx ok X o e e e vk ade % ok o o ade 3k e o ol o e ok ok kool ofe el ax ok X e e o 3k e ar Wk oe ok al ol e ok ok [ H
543, C* SURFACE INTEGRATION LIMITS:SLX,SLY P
544, c* SURFACE TYPES: #1le RETANGULAR SHAPE WITH FOURIER SERIES MODE P
€45, Ccx SHAPE DESCRIPTION. o
546, (. , %2+ THIN ,HOMOGENEQUS,RETANGULAR PANEL WITH L
S47. c* SIMPLY SUPPORTED EDGES, v
548, (. , #$3, CIRCULAR SHAPE WITH FOURIER SERIES MODE :
s49, c* SHAPE DESCRIPTION. _
§50. cx %, THIN,HOMOGZINEOUS,CIRCULAR PANEL WITH FIXED R
5S51. ce EDGES i
552, c* #S, FRAME STIFFENED ORTHOTROPIC MWHOLE SHELL !
553, Cx #eoe FRAME STIFFENED ORTHOTROPIC SHELL SEGMENT }
554 . c* , I
555« I e I I I N T T TrTTrTTTmm !
556 SUBROUTINE SLX(AA,BB,ISUR) |
§57. c* - :
558 C* THE INTEGRATION LIMITS IN THIS COORDINATE DIRECTION ARE CONSTANTS ﬂ
559, cx i
560, GOTO(10+2C,30940+50,¢0,70,80),ISTYP (ISUR) I
S61. Cx*asx SURFACE ELEMENT TYPE 41, A
562, 10 AA=0.0 L
563, BB=SNODC(2,1,ISUR) :
S64, GOTO 1111 !
565, Cxxs% SURFACE ELEMENT TYPE #2, ;
566 20  AASSNODC(4,y1l,ISUR) ,

567 BBZSNODCI(5,1,ISUR)

$68. GOTO 1111
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g 569, Cx#%s SURFACE ELEMENT TYPE #3, o ‘
! 570, IC CONTINUE i .

12 T AAZ0,0 .
J 572. BB=SNODC(2,1,]SUR) g
] _573e . 60TO_1111 . 2
| 574, C4ss SURFACE ELEMENT TYPE u4, ST
575, 4np  CONTINUE !
576 AA=0.0 ;
577, BB=SNODC(2,1,ISUR) .
» 578, GOTC 1111 b
| 519 . CHuns SURFACE ELEMENTY_TYPE S, o
580. 5g AATSNODC{4,1,ISUR) i
581, BBZSNODC(5,1,I5UR) ,
582, GoTo 1111 :
583, Coses SURFACE ELEMENT TYPE #6, ;
584, ¢0 GOTO SO )
58S, C»¥%%  SURFACE ELEMENT TYPE #7. i
58¢€. 70 60To 20 L
587, Cx%e%  SURFACE ELEMENT TYPE #8, R
588 . 80 GOoTo 20 T
.. 589 1111 RETURN I
590, C %l s e s afe i e o o o o ok o ok i o oo e R e oy ok ok o ok ok ke o ok ode e i o e w ok e age ke ok o o o ik o st oo K aje o ot o K 2 R ;
591, __ SUBROUTINE SLY(C,D,UI,ISUR) ’
$92. C= ey
593, C* THE INTEGRATION LIMITS IMN THIS COORDINATE DIRECTTON CAN BE CONSTANT R
5944 Cx OR A FUNCTYION OF THE FIRST COORDINATE o
595. c=yl! -4
S9¢, Goto(1o,20,20,40,50,60,70,8C) ,ISTYP (ISUR) L
§97.  c*%%%x SURFACE ELEMENT TYPE #1. <1
598, 10 Cc=0.0 ;
$99.4 D=SNODC(Z,2,ISULR) §?g
€00, G0TO 1111 R
€01, Couns SURFACE ELEMENT TYPE #2, A
&02. 20 C:S~0°C'UUZQISUR’ . i ;
€03, D=SNODC(&,2:1SUR) TR
€04 o GOoTo 1111 iy
) 605, Cxu#s  SURFACE ELEMENT TYPE a2, ;
; 606, 30  CONTINUE ' R
: €07, C=0.0 U
e0e, D=SNODC(3,2+ISUR) -3
€09, GOTO 1111
- €10, Cxsse¢ SURFACE ELEMENT TYPE w4, i
€11, 4g CONTINUE g
€12, €=3J.0 Y|
613, D=22P1 R
€14, G0TO 1111 S B
€15, Co®xss SURFACE EILLEMENT TYPE #5, B
€lé. Se CONTINUE
€17, CZARCOSISNODC{4,42,ISUR)/SNGLCI3,2,1SUR)) TPl
€18, D=APCOS(SNODC(5,2,1SUR)/SNODC(3,2,IS5UR)} i
819, IF{Del To2ERQOID=242aP1 AT
620, IF{SNODC(S, 2, TSUR) «LTe041D=0+P1 PR
e B2l GeTo 1111 : ‘
€220 Cxxsk SURFACE ELEMENT TYPE #€, E 1
€23, €0 GOTO SO )
€24, C**s% SURFACE ELEMENT TYPE #7. .
. €25, 70 GOTO 20 :

B e e R v
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£26 . Cxxss  SURFACE ELEMENT TYPE #a,
€27. 80 GOTO 20
€28, Chukn
€25 . 1111 RETURN
Q}U, C 235 s 2 o o 2 ik X afc o 26 i ok ok ok e age ok ok oy o ok o o ot o o ok ey e ok o ok e ok ko Rk AR kol X okl ok ko o M ok ko ko
€31, SUBROUTINE SGEOMIXI oYI o XV,Y¥YV,2ZV GF gAJyIS,ISURNVOL, IW)
€32 Cx
€33, Cx
634, Cx SGECM CALCULATES SEVERAL GECMETRY RELATED FACTORS FOR EACH
€35, Cx» SURFACE
€3€ . Cx ¢ THE THIRD DIMENSION,Z2C,OF THE SURFACE AS A FUNCTION OF XC,YC
€37, C* e THE JACORIAN OF THE SURFACE®S COORDINATE SYSTEM AT XC,YC,2C
€38, (of ] 3. THE POSITION OF THE SURFACE POINT XC,YC,2C IN THE ORIENTATION
€39 Cx COORDINATE SYSTEM OF THE ADJACENT SUBVOLUME
E4Ce Cx%
641, (o
€42, . 6010(10,2C,30,40,50,60,70, »80) ,ISTYP (ISUR)
€43, Coexe SURFACE ELEMENT TYPE #1,
€44 10 2C=0.0
E45 . XC=X?I
CUE . YC=YI
647, AJ=1.C
6“80 GF=1.0
649, GOTO 200
€50, Cxx¢% SURFACE ELEMENT TYPE #2.
651 2C CONTINUE o
€52, HhO0TO 10
€E2. Caxsxx SURFACE ELEMENT TYPE #32,
€654, 3C 2¢=0.0 i
€55, XC=X1I !
65€ o YC=Y1I P
€57, AuTl.0 ' !
€58, GF=1.0 '
655, 60TC 200
€6C. c¥es&  SURFACE ELEMENT TYPE #4, :
661, 40 2C=0.0 i
662, XC=XI*COS(YI) :
€63, YCSXI®SINIYI)
€64, GF=1.C
€65, AJ=XI
__66E, GOTO 200
667, Cxa¢% SURFACE ELEMENTY TYPE 45,
668 o S8 CONTINUE
€69, XC=x1
€10 YC=SNODCU(3,2,ISURI*SINIYI)
671, ZC=SNODCU(3,2,ISURI%COS(YI)
€72, AJ=SNODC3,2,1ISUR) :
6730 GF:I.G : “
674, GOTO 200 i
€75, Cxswe  SURFACE ELEMENY TYPE #é,
€T€ . 60 GO0TOo SO
€77, Cxues SURFACE ELEMENT TYPE #7.
678, T0 JF(SC(245.S)eLT40s1GOTO 10
€79, R=gC(2:18)
68C, ZCZ P22y 252 ) %20, S~ (R¥*%2=(SNODC(3,2,IS))%%2)%%C,5 ‘
€gl, XC=X1
682+ YC=Y]
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€83, GFS(12YIwn2/(Ram2eyIus2 ) )e%0,5
684 . AJZ1.0
685 _ GOTO 208
68€s Cssus® SURFACE ELEMENT TYPE a8,
. _.__68T. 80_GOTO 20
€88. C
€89, C _
: €9C. Cu#sx CALCULATE THE MASTER SURFACE AND SUBVOLUME CCORDINATES
: 691, 200 CONTINUE
| 692, IF(IW.GE W4)GOTO 1111
€693, XSSTM(1,1 ISURIEXC+STMI1,2,ISUR)SYC+STMIL, 2, ISURI®ZC*SORGEL,ISUR)
€94, YS5TM(291, ISUR)I#XC+STMU2,2, ISURI®YC+STMI2,3,ISUR)*ZC+SORG(2,ISUR)
655« Z=STMU3y1,ISURISXCSTM(Z,2,ISUR)I*YC+STMt3,3,ISURI*ZC*+SORGY(3I,ISUR)
= €9€ , XP=X=VORG{ 1,NVOL)
: 697 YP=Y=~VORG(2,NVOL)
. €98, ZP=Z=VORG( 3,NVOL)
699 XV=VTM(1,1,NVOL)*XP+VTM(1,2,NVOL)®YP+VTM(1, Z,NVOL)}%ZP
i 708, YVSyTM(2,1,NVOL)SXP+VTM (2,2 ,NVOL)#YP+VTM(Z,2,NVOL) %2ZP
. 701, ZVIVIM(3,1,NVOLI=XPsVTMI3,2 ,NVOL)&YP+VTM(3 3 NVOL)%ZP
;‘ 732, 1111 RETURN )
. 703:‘. C eon e e xis op e o ode e o adn e o0 o o o ok o e o ol ok o o e ol ok ok e ki ol e o e o o o ke ek o ok ek ok o kol ok e ode o e ok s ol 2 o o o
3 704,  C® OPENING INTEGRATION LIMITS
. 705,  Cx OPENING TYPES : #1s RETANGLE
g; 706. C= #2, CIRCLE
3 T07e  C2 N3. CONCENTRIC CIRCULAR ANNULOUS
3 708, C»
E; ’ 709 . mAC_#######**#m##*##### AgREREAXEEXXEEXIXREAXEXBX ARG X XBLE AR XX AR RPRR N K
3 110, SUBROUTINE oLX(AA,BB,ISUR)
. _71le  Cawws_ INTEGRATICM L IMITS. IN THIS COORDINATE DIRECTION ARE CONSTANTS
4 112, GOTO(10,20,33),I0TYP(ISUR)
3 713,  C#*xxs  OPENING ELEMENT TYPE #1.RETANGLE
§ 114 . 10 AA=C.D
SRR § - X Y BBZONODC(2,1,I5UR)
1 T16. GGTO 1111
. MN7. _ Ctass_OPENING ELEMENT TYPE #2,CIRCLE
¢ 718 'y 20 AA=ZQR.OD
: 719, BB=ONODC(2,1,ISUR)
: 720, GOTO 1111
1 121, C#sxs  OPENING gLEMENT TYPE #3.CONCENYRIC CIRCULAR ANNULOUS
< 322, 30 AA=ONODC(Z,2,ISUR)
. 123. BBZONODC(2,1,ISUR)
£ 724, GOTO 1111
i 72 Cxaxx
ol 726+ 1111 RETURN
B L 727, c*#{f}jﬁﬂf#_ﬁ_l{f#_##*ff#j##vtﬁ###*####t####t*#*##v###*###t####*#*#t##t#t
n. 128, SUBROUTINE OLY(C,D,UI4ISUR)
L T29. _Cx
B 730. C* INTEGRATION LIMITS IN THIS COCRDINATE DIRECTION CAN BE CONSTANTS
: 731e C> OR A FUNCTION OF THE FIRST COORDINATE DIRECTION
: 732. C=x
s 132 czyl
2 734, GOTO(10,2%,30),I0TYP(ISUR,
HE 7135,  Cxxaw OPENING ELEMENT TYPE %1, RETANGLE
s 736, 10 C=0.0
£ 738, GOTO 1111
& 7139 Cxpus OPENING ELEMENT TYPE #2, CIRCLE
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| 740 20 €042
| Tul, 0z 2#PT
| 182, GoTo 1111
| 743,  Cas#*  OPENING ELEMENT TYPE #3. CONCENTRIC CIRCULAR ANNULOUS
; o T44., 30 C=03.0 '
| 745, Dz 2%P1
| 746, GpTo 1111
i T47 c*###"
748 1111 RETURN
799. CHREXERE R xR ARERRRRRERRRRRX A RERERE R NLEXRRE g AAE R AR EX X R RE R Ry Ry R Rk
750 SUBROUTINE OGEOM(XI,YI,XV,YV,2V,ISUR,NVOL,AJ)
751, C*
; 752, G®
i 753. C* OGEOM CALCULATES THE VOLUME COORDINATE SYSTEM POINT XV,Y¥,2V
) 754,  C* FROM THE OPENING COORDINATE SYSTEM POINT XC,YC
. 758, C*
1 756 G070(10,20,20),I0TYPLISUR)
i 757.  Cu#%% OPENING TYPE #le RETANGLE
758, 10 x€=xI
: 759, YCZYI
; 750, AJ=1.0
b 761, G0TO 200
A 762+ Cxs*% QPENING YYPE #2. CIRCLE
g 763, 20 xC=XI=COSi‘I,
! 764, YC=XI#SIN(YI) _
7 7&50 AJ=XI
766, GOTO 200
767+  Cxsn® OPENING TYPE #3.CONCENTRIc CIRCLES
1684 30 6GOTO 20
769. 200 CONTINUE
; 178, 2€=0,.0
! 771, X=0TM(1,1,ISURI*XC+0TM(1,2,ISUR)I®YC+0TM(1,3,ISURI*Z2c+00RGg(1,SUR)
112, YZOTM(24 10 1SURIEXC+0TM (2.2, ISURDYC +0TM2, 3, ISURD#ZC+OCRG 2, TSURY
773, ZZ0TM( 391, ISURIXXCoOTM(3,2,ISUR)ISYC+0TM (3,3 ,ISURI*ZC+00RG3,1SUR)
774, XP=X=VORG(1,NVOL)
775, YPZY=VORG(2Z,NVOL)
776, 2P=2-VORG(3,NVOL)
777, XV=VTM(1,1,NVOLI&XP+VTM (1,2 JNVOL)#YP+VTM(1,3,NVOL)%2ZP
778, YVSYTH(2,1,NVOLI*XP +VTM (2,2 JNVOL)®YP4VTMI2, 3,NVOL) &ZP
779, ZVZVTMI3,1,NVOLISXPayTM (3,2 ,NVOL)&YP+¥TM(3 3,NVOL)%2ZP
, 780, RE TURN ,
:f 78%. 232332224222ttt 3 22223222 222 2 222222222222l )
- 792, FUNCTION SIMIXCoYC,IS,MWM)
785. C* '
T »_‘____25“ LI ;*
s 785,  C® STRUCTURAL MODE SHAPES FOR EACH SURFACE TYPE
} ! 7864 Cx
' 787, Cx*
[ 788, ¢IM=3.0
i 789, MZWM(2,MWM)
790. ,N:HM(39_!__H_H)
f 791. GOTO(10,20430,40,554€0470,80),1ISTYpLIS) )
i 792.  C#*#+¢ TYPE #1, RETANGULAR SHAPE WITH FOURIFR SERIES MODE DESCRIPTION
793, 10 XL=SNODC(2,1,15)
154, YL=-SNODC(2,2,15)
f 795 20 11 J=1, MX
79¢ . D0 11 K=1,NX
g;_"“—' - - =

A o v A N I - S . A A
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A 197 11  SIM=SIM+BPCIJ K MWMIBSIN(URPTEXC/XLIASINIKSPINYC/YL) T ‘
i 798, GOTO 1111 : . i
; 199  Cxwse _ TYPE #2, THIN, HOMOGENEOUS,RETANGULAR PANEL WITH SIMPLY , .
: 800, Coess SUPPORTED EDGES G &
g0, 20 CONTINUE "
802, SIMSSIN(M&PI#XC/SNODC(2,1,IS))%SIN(NxPI#YC/SNODC(3,2,15)) R
8n3. GoTo 1111 : L
804e  Cxsa%¢  TYPE #3, CIRCULAR SHAPE WITH FOURIER SERIES MQDE DESCRIPTION SRR
835, 3C__GO T0 10 !
80¢s Cx TYPE #4, THIN,HOMOGENEOUS,CIRCULAR PANEL WITH FIXEp 1
__807. __C= EDGES . S
80§ . 40 CONTINYE o
809, NZN=]
810. SKN-(HN(I.HHH)/SC(I.ISl)t*O.S
811, A1ZSKN3PI i ]
812, A2=SKN#PI /SNODC(2,1,15)%XC ¢
813, SIMSSININ%YC)®(BJ(A2,NI+BJIAL NI/BI (AL NISBTI(A2,N)) o f
8l4. GOTO 1111 o ;
815, Cxggw SURFACE TYPE #5. FRAME STIFFENED ORTHOTROPIC WHOLE SHELL ' ;
816, S CONTINUE o
817, SIMZSIN(M#PI#XC/SNCDC(2,1,1S))&COSEIN=2)AYC) yo
818 GOTO 1111 S
819  C*pws SURFACE TYPE 86, FRAME STIFFENED ORTHOTROPIC SHELL SEGMENT :
820, 60 AL=ARCOS(SNODC(6,2,15)/SNODC(3,2,1S)) ST
» 821, SIMZSIN(M*PI®XC/SNODC(2, 1,150 ) &SIN(NSPIYC/AL) S I
- 822 “GOTO 1111 e
: 823, Ciwex SURFACE TYPE #7. ppN STYLE FE DATA MATCH s
v e2s. XAZXC=(SNODC(2,1,1S)=BPO1 48y MM )=BPQIL,6,MUN)) 5
) 82€ . IF R VLT 0. YAZYC=(SNODCI3,2,IS)=BPQ ()9 yMWMI=BPQ(L, 7,MuM)) P
; 827, 1Y (RaGTe0e}YAZ(RMARCOS(SNODCI3,2,IS)/R)I+BPG(1,94MWMI+ -
; g€2g. Tt BPQUI,7,MWM) I =R®ARCQS(YC/R) - :
ﬁ 825, SIMZSINIMAPI®XA/BPC (1,6 4MWM)IIAS IN(N*PI#YA/BPQU1ly7,MUM)) :
¥ 830, IF (XA LT e0e0.0R XAGTeBPQ(1,6,MWM)ISIM=C,.D :
S 831. IFUYAGLTeDoCoOReYALGToBPC (] 47 MWM)I)ISIMZCWE ) - B
: 832, 60710 1111 Pl
; 833, C*ass_ TYPE #2,0RTHOTROPIC RETANGULAR PANEL WITH CLAMPED EpGES _
' 834, 80 CONTINUE ;
P 835, AP=0.661 :
g 836 . 40:0.661 f
;‘_ _,____48'341_0_ IF_(HQEQ.I)AP:QEZU !
g 838, IF (N.EQ.1)AC=.£20 SR
3 839, XAZPI#(M+45)#XC/SNODCI2,41,15) R
£ 840. YAZPI®(N+,5)*YC/SNODC(3,2,1¢) ,
o _E41, SIMZAP®{COSH(XA)=COS(XA) = SINHIXAI+SINIXA))I% o]
d TB42. € ACS(COSHI(YA)=COS(YA) = SINHIYA)+SIN(YA)) o B
843, G0TO 1111 ’ | SR
84u, C ' i
845, ¢ :
8u4¢€ . ¢ ?
847« 1111 RETURN
8'08 . C**#####**##*###*##tv####*####t*########t*#t**####*###*t**##*####*
849, FUNCTION OIMiXCoaYC,ISUR MWM)
850, [ ‘
o BS51. c*
852, Cx  OPENING MODE SHAPES -
853, MZWMO(2, MM, ISUR) !
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! 855, 0IM=3.0
; ; 85€.. Cx
o 857. GO]’O(10,29'3D)|IOTYP(ISUR)
i 858 . Cxees  OPENING ELEMENT TYPE H1.RETANGLE
. 859, 10 OIMSCOS(M*PI*XC/ONODC(2,1,ISUR))IBCOGIN®PI*YC/ONODC(3,2,ISUR))
Lo 860, GOTO 1111
861, Cosxx OPENING ELEMENT TYPE #2e CIRCLE
: 862 20 B=WMO(1,MWM,ISUR)%XC
| 862, OTM=COS(NE=YCISBJIB,N)
i 864, G070 1111
865, Cx¢gs OPENING ELEMENT TYPE #3. CONCENTRIC CIRCULAR ANNULOUS
866 o 3g CONTINUE
§ 867, B=WMO(1sMWM,ISUR)®XC
868, B1=WMO(1,MWM,ISUR)I#ONODC(2,1,ISUR)
. 869 . E-ZBJP(Bl,N)/BYP{B1,N)
g 870, OIM=COSIN=YC)%(BJIB,N)=E*BY (B,N})
: - 871. GOTO 1111
. BT2e Chkkk
i 8r3. ¢
1 874, c
' . 87S. 1111 RETURN
) . { 87¢ . CEERE R R AR R R A XXX R ARSI RE A GREXEEFE RS SR EREREXE XN FER LSRRG R E R
i 877, FUNCTION FN(XV,YV,ZV,NVOL NWN)
, 878 C* .
879, Cx
880. C* FN CALCULATES THE MULTIPLE CAVITY ACOQUSTIC MODE SHAPES
gsl. [
_B82. (=
883, IF(Ny.NE<1) GOTO 1C
i g8, FNSFNCALIXV,YysZVyNVOL ,NWN)
885 GOTO 1111
886. 10 FN:zGC.0
TE87. N=INDPNINWN,NVOL =1
888 . DO SO I=1,NAMMC
889, Nz=N+1
89C. FNSFN+FNCAL(XV,YVyZV,NVOL NIXPNMC(I)/AMN(N,NVOL)
£91, SC CONTINUE
892 1111 RETURN
893, (1233233322323 22 3223223222 F 3222 23R RS2SRSS 22 ittt BT
, 894, FUNCTION FNCAL({XV,YV,2V,NVOLyNWN)
% 895, C*
89¢ . C% i
897. C* FNCAL CALCULATES THE ACOUSTIC MODE SHAPES OfF THE SUBVOLUMES OF
i 898, C# THE MULTIPLE CAVITY SYSTEM. XV,YV,2V, ARE ALWAYS IN THE ACOUSTIC
; 899, Ct COMPONENTS ORIENTATION COORDINATE SYSTEM (RETANGULAR) « THE MODE
’ 900, Cx SHAPES ARE ALL NORMALIZED SUCH THAT THE GENERALIZED MASS OF THE
901, C* SUBVOLUME ACOUSTICS IS 1.0. BY THE NORMALIZATION FACTCR AMN(NAM,NV)
90< C*
903, C*
S04, MSINTOWNE2,NWN ,NVOL))
S0S. NZINT(WN{3,NUN,NVOL))
906, ISZINT(WNE 4, NWN,NVOL))
907. GO TO (10,20,30,40),IVTYP(NVOL)
906 . C»u%e VOLUME ELEMENT TYPE #1, RETAMGULAR PARALLOPIPED
909, 10 CONTINYE
610, ENCAL=(COSt(M*PISXV/VNODCI2,1,NVOL) ) 2COSIN%PIxYV/VNODC(3,2,NVOL
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91le

£))2COS(ISHPT®ZV/UNODCIL3,NVOL) D)

912. GOTO 1111
913, Coese VOLUME FLEMENT TYPE #2+ CIRCULAR CYLINQER
914, <0 CONTINUE _
91S. BETAZ(WNEI NWN JNVOL ) %%2/CO%%2=¢ IS%PT/VNODCEB,3,NVOL)) 2%2)
S$1€. BETAZ(ABSIBETA) 1 &%,S
917 RR(XVEX24 Y yex2) 2%, 5
618, IZ(RReGTVNODC(2,1,NVOL)IRR=YNODC(2,1,NVOL)
919, SKN=BETA%RR
920. THZARCOS(XV/RR)
$21. FNCAL=COS(IS*PI%ZV/VNODC(4,3,NVOL))*COSINSTH)I%B JISKNyN)
922, GOTO 1111 ‘
923, Cxgns  VOLUME ELEMENT 83, ANNULOUS OF CONCENTRIC CIRCULAR CYLINDERS
924 . 30 CONTINYE
925, BETAZ(WNI1,NWN ,NVOL)I/CO** 2 (IS%PI/VNODC (4,2 ,NVOL))u%2)
G2€. BETA=(ABS{EETA))%%, &
927. RPS(XVR%R24YYRB2)kn,S v -
928 IF (RR.GT«VNQODCt2,1 s NVOL ) IRR=yYNODC(2 glvNVOL)
929 . SKN=BETA®RR
93C. THZARCOS(XV/RR)
931, RKB=BETA®YNODC(3,2,NVOL) I
932. FNCAL=COS(ISHPI*ZV/VNODCIU 42y NVOL})IZCOSINRTHI%
913, £ (BJUULSKN N)=BUPIRKB,N}/BYP(RKBsNI=BY (SKN,N))
934, IFC(BETA LT ZEROCIFNCALSFNCAL*1.0
93c o GOTO 1111
97¢ . C*u%s VOLUME ELEMENT TYPE ¥4, PERTURBED PARALLELEPIPED
937, 40 IF(ZVeGT.VNODC(U4,3,NVOL))IZVZVNODC(4,3,NVOL)
93g. GOTO 10

939  _ Cmuxx
940, 1111 RETURN
941 . c######***##*t##***####*#####*##*#####***##*#*##**t######*###t*#*##*
942, , FUNCTION PFCFEXC,YCoXPoYP WIS 1K)

943, _ C=

944, c=
94E , C*¥ PFCF CALCULATES THE PRESSURE CORRELATION FUNCTION (FOR RANDOM .
[TY I C* FIELDS) AND THE SURFACE PRESSURE DISTRIBUTION (FOR DETERMINISTIC
S47, Cx FIELDS)e THE POINTS XCoYC,2C,XP ,YP,ZP ARE IN THE COORDINATE SYSTEM
SUE o c* Of INTEGRATICpN.
549, C*
950. Cx.
951, IWSIw
952, GOTO(10,2C,30),IPFLIS)
953, Crees  PRESSURE FIELD TYPE #1. REVERBERANT PRESSURE FIELD
954 o ig PK=WC/CO . , )
955, PFCF=SINIRK*(XC=XP )} )/ (RK*(xC=XP))nSINIRKX (YC=YP))/(RK2(YC=YP))
95¢ « GOTC 111}
957 o Cxs%% PRESSURE FIELD TYPE #2. AERODYNAMTC TURBULENCE
958 . 20 RKXTEXU12,1S)%WC/CO
659« ' RKYZEX(4,IS)=WC/CO
96Ce PFCFEXPL=14EX({1,I1S)%*RKX*ABSIXC=XP))*COSIRKXXABSIXC =XP))
961, SR XPI=1%EX (3, IS)*RKY®ABSIYC=YP))IXCOS(RKYSAESIYC=YP))
9¢2¢ GOTO 1111
962, C*sss PRESSURE FIELD TYPE #3. PLANE WAVE FIELD

984, 30 CONTINUE
965 o RK=NC/CO®COSIEX{1,IS))

966 o PFCF=COS(RK*{XC=XP})
567« GOTO 1111
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9EER o Cxaesx
969 . 1111 RETURN i
ST0. C#‘“*“#*#*‘#*##*##****##*#*3#**#“*#**#*‘#‘*t‘**“#**#‘###*t***‘ﬁ
S7T1. SUBROUTINE NORMA (DMNS 4NVOL 4NWN)
972 C= ;
972, C* CALCULATES THE NORMALIZATION FACTOR FOR THE ACOUST IC MODE SHApES
974 o Cx»
$75e. M:NINT(UN(E'NUN,NVOL])
$7€. NENINTEWN( I, NN NVOL))
977 ISENINTIWN(4,NEN,NyVOQL D)
678, GOTO0¢10,20,30) ,IVTYP(NVOL)
979, Cx%ss VOLUME TYPE #31+. RETANGULAR PARALLOPIPEp
98C, 10 EM=1,.0
581. ENZ1.0
982 £ES=1.90
9832, IF(MeEQeDIEM=2.0
984 . IFINJEQLBIEN=2,.0
58S IFCISEQeD)IES=2el
98€ o OMNSSU(EMRENRES/840)%%e5
987 . GOTO 1111
988, Cxes& YOLUME TYPE #2. CIRCULAR CYLINDER
986 . 20 EN=1.0
990, £Sz1.0
591a IF(NJEQ.OIENZ2,.0
992, IF(ISLEQ.CIES=2,0
993, IFINGEQeDeANDaMEQ,1)G0OTO 25 .
994 ¢ RKNM=(HN(IgﬂﬂNqNVOL)**ZICQ**Z-(IS*PIIVNODC(“'3,NVOL))**2)‘*0.5
99S . RKNMZRKNMEVYNODC(2,1,NVOL)
9%¢ « DMNSZ((BUP (RKNMgN)#52+(1=N%22 /RKNM2 %212 BJ(RKNM, NI %%} 2E n2ES/4,)
997. & *%] 4§ .
$98 . GOTO 1111
999 . 25 OMNSS(EN®ES/4,)%20,5
1000, GOTO 1111
1001. Cress VOLUME TYPE #3, CONCENTRIC CIRCULAR CYLINDER ANNULOUS
__1C02. 3g EN=1.C
1Co3. ES=l.C
1004 I=(NEQoDIEN=2.0
1005« IFU{ISEQeDIES=2.C -
. 100€ RENMZ (WN (1o NWN JNVOL ) %22 /CO%22«~( IS*PI/VUNODC(U,3,NVOL))I%52)%%N],5
1C07. RKAZRXNMaVNODC(Y4,2,NVOL)
_1p0g. RKB=RKNM*VNODC12,1,NVOL)
103¢%. DMNSS(ES*EN/4 oO%( {VNODC (241 yNVOL }%%x2«Nk*2 /RKNMEX2) %
1010. £ (BJ(RKB,N)-BUP(RKBJN)/BYP(RKB N)XBY(RKByN) u%2=
1011, £ (VNODC (42 NVOL I %%2=NxXx2/R KNM%XZ)
Igggo &€ *{BJ(RKAIJN)=BJP(RKB N)/BYP(RKB,N)ZXRY(RKAN))%%2))%x%x0,5
1013, GOT0 1111
1014, 1111 RETURN
1C1lc. (2222322 32222322322 232222222 2222222222222 2R 2222232322 33
1C1¢é . SUBROUTINE NORMS(DMN,ISUR,MWM)
1C17. c*
1018, C* CALCULATES THE NORMALIZATION FACTOR FOR THF STRUCTURA1 MgDE SHAPE
1019. C% '
102C. MZINT(M(2,MWM))
lc21. NZINT(WMEI,MUM]))
1022, S0TO0L10,2C,20,40,50,6C,70,80),ISTYPLISUR)
1023, Cxxks SURFACE TYPE #1e RETANGULAR PANEL  (SINE SERIES)
1C24 . 10 DMN=1,0
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-
1C25. GOTO 1111
102€« C*ess® SURFACE TYPE #2. RETANGULAR HOMOGENEOUS PANEL WITH SIMPLY
; 1027, o SUPPORTED EDGES
- 102¢. 20 CONTINUE
E 1029, DMN=(SC(6,ISURI®SNODCI2,1,ISURI*SNODC(3,2,ISUR)/Us) %%e5
- 1830. GOTO 1111
. 1031s  CHsxs SURFACE TYPE #3., CIRCULAR PANEL (SINE SFRIES)
. 1p32. 30 CONTINUE
- ~ 1032, OMNzZ1,0
1034, 60TO0 1111
_.103¢ C*ess SURFACE TYPE #4, CIRCULAR PANEL WITH FIXED EDGES
: 103¢. 4g ENz1,0
: 1638, RKAT  (WMU1,MWM)/SCU1,ISUR))I*30e52P1
1039 . DMNZEM/240% L ((BJPIRKAZMNIZEE2+ (1 =Nk /RKAXS2) BB J( RKA, N) B%2) _
" 1040, € +2.%BUIRKAZN) 324 (1=N#»#2/RKA#%2)#BT(RKA,N)*%2)
- 1C41, g *(BJIRKAGJN)/BICRKAGJN)I)I®H2k (BIP(RKAyN)I%%2+(1oNE22/RKARRD)®
1042, £ BI(RKASZNI%%X2))
X 1043, DMN= (OMN#*SC(2,ISUR)I*AREACISUR) ) *#%0.5S
% 1044, - GOTO 1111
: 1045, c*%s%  SUPFACE TYPE #5. FRAME STIFFENED ORTHOTROPIC WHOLE SHELL
3 1g4€. sO0 N=N~-1
o 1087, ' EM=1.n
4 1048, ENZ1.0
E; 10“9. IF(M.EQ.O,EH:ZQB
3 1650 IF(NJEQWDIEN=2.0
1 1051, DMNZ(EM*EN/4#SCI2,ISURIHAREALISUR) 1%#,5
1 1082, GOTO 1111
3 1053, C#ss% SURFACE TYPE #&. pRAME STIFFENED QRTHOTROPIC SHELL SEGMENT
3 1CS4 . €0 GOTO SO
- 1055,  C#***% SURFACE TYPE #7,.B8N FE DATA MODEL
2 1G5¢. 70 DMNS2+%%0.S%BPQU1o4 MWMIZBPQL1,S,MWM)
i 1057, GOTO0 1111
E 1058, Cxgus SURFACE TYPE H#8.RETANGULAR ORTHOTROPIC PANEL WITH FIXgD PANELS
1059, 8n CONTINUE
g . 1060 VMSZSC(6,ISURISSNODCI2,1,ISURIESNODC(3,2,ISUR)
? 1061 IF(MEQel)FX=,4396
: 1062 IFINGEQe1)FY=4 396
3 1063, IF(MeEQe2)FXZ o439
;E: 10cb o IF(NSEQe2)IFY=o 439
i?:' 1065, IF(MeGE o« 3)IFX=o 437
L 1066 « IF(NGE «3)FY= 437
I 1067, DMN=(FX*FY®YMS 1%%0, 5
3 1068, 1111 RETURN
g\" . 1069, c*ttt##t’##tt###**####‘#t#*##tt*t##t*tt*##*‘a##*###*####t#***##**t**
" 1c70. SUBROUTINE ALIGNI(LTYP,JSUR,NVOL,IA,CF)
. 1071. C*
o 1072. c*
? 1073. C* ALIGN CALCULATES THE GEOMETRIC PARPMETERS NEEDED FOR THE
: 1074%. C#* ALALYTIC SOLUTION OF LNM. THE SUBROUTINE®S PARAMETER LIST MAY
1075. C* BE USED AS REQUIRED TO PROVIDE THE APPROPRIATE INFORMATION TO
167¢. c* SOX,S0Y,S0Z FQR NEW ADDITIONS TO THE LIBRARY,
1077 ‘Cﬁ
~ 107e. C=»
1079, DIMENSION IA(3),CF(4,s3)
1080. GOTO(10,20,30,40),LTYP
1081. Coxex ANALYTIC INTEGRATION: SURFACE TYPE #1/VOLUME TYPE #¥] (LTYP=1)
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1082, 10 CF(u4,1)=0NODC(2+1,ISUR)
1083, CrRllU,2)=ONCDC(34291ISUR)
1084, CALL PXFER(IX19Y1,2121,ISUR,NVOL) .
1085, CALL PXFERI(X29Y2922929ISUR,NVOL)
1C8¢€. CALL PXFER(X3,Y3,22,3,ISURLNVOL)
1087. XPX=X2=X1
1088, YPX=Y¥2~Y1
1089, 2PX=22=21
1090, XPY=X3=X}
1091. YPY=YI-Y]
1092. ZPY=23=21
1092, IFIABS  XPX)oLTZERC) GO TO 1%
1094, CF{l,y1)=XPx/ABS(XPX)
1095. T CFE2,1)=X2
109¢. CF{3,1)=VYNQDC(2,1,NVOL)
1097, IA(1)=2
1098, 11 IF(ABSU(YPX)LT2ERQ) GO TO 1312
1099, CFU1l,1)ZYPX/ABSLYPX)
1100, CF¢2.1)=v}
1101, CFU3,1)=VNODC(32sNVOL)
1102. IA¢1)=3
1103, 12 IF(ABS(2PX).LTLZ2ERC) GO TO 13
1104, CFL1,1)=2PX/ABS(ZPX)
1105, CFt2,1)=21
110¢., CFt3,1)=VNODCi4,3,NVOL)
1107, Iagl)=u
1108, 13 IF(ABS(XPY).LTLZ2ERQO) GO TO 14
1109, CFEl142)=XPY/ZABS{XPY)
1110, CFL2,21=X1
1111. CFRE3,2)=VYNCOC(2,1,NVOL)
1112, IA12) =2
1113, 14 JFLABSIYPY).LT.ZERO) GO TO 15
1114, CF{1,2)YPY/,ABSILYPY)
1118, CF(2,2)=V1
1116, CF(3,2)=VNODC(3,2oNVOL)
1117, 1A(2)=3
111€. 15 IF(ABSUZPY) LT4ZERC) GO TO 16
1119, _CFU1,2)=2PY/ABS(2ZPY)
1120, CFt2,2)=21
1121. CF{3,2)=VNODCt4434NVOL)
1122, 18(2) 24 |
1123. 16 IF(IACL)*TAC2)NEs7) GO TO 17
1124, CF(1,2)=0.,0
112%. CFt2,3)=Xx1
112¢, CF(3,3)=YNCDC(2,1,NVOL)
1127. IAt3)=2
17 IF(TAt1)+TA(2)NEe€) GO TO 18
CFt1,3)=C.0 -
CF13,3)=VYNNDC(3,24NVOL)
IA(2)=3
18 JIF(IAC1Y+IA(2).NEeS) GO YO 19

CFL1,3)=0.0

CFe2,3)=21
CFU3y3)=VNQDCEG,3,NVOL)

19

IA(3) =4
CONTINUE
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1139, GOTO 1311

1140C. Cxsxx QPENING,/VOLUME COMBINATIONS 2,3,4 REOUIRE THE SAME AL IGNMENT
1161, 2C  CONTINUE

1142, 3C CONTINUE

1142, 40 CONTINUE

1144, CALL PXFER(X19Y19Z21s1,ISUR,NVOL)

1145, CFil,y10z21

1146, CFEI,2)=VNODCt4,3,NVOL)

1147 GOTO0 13111

1148, 1111 RETURN

1149, ok ok Xk e o oo o ool ot oo o o o e oo o o ot ot ool ek ok o o e oo ol kK ok B Rk R ok Kk
1150, SUBROUTINE PXFERI(XN ,YNyZNyN ISUR,NVOL)

1151, C*

1152. Cx

1153, Cx PXFER CALCULATES THE LOCATION OF THE NeTH SURFACE NCOOE oF ISug
1154, C» IN THE COORDINATE SYSTEM OF SUBVOLUME NVOL,.

o

PE S SRS

1155,  c»
’ 115¢€. Cx
g 1157 XCZONODC (N, 1,I15UR)
1159 ZC=ONODC (Ny 3, I SUR)
1160, XZOTME12 39 ISURIEXC+OTM(1,2,)ISURI®YC+OTM(1,3yISUR)*ZC+00RG(1,ISUR)
11610 YSOTME29 19 ISURIRXC0OTM(2,25ISURIBYC+OTM(2,3,ISURI*ZC+00RG(2,ISUR)
1162 2S0TME3,14ISURIEXC+OTMIZ 42 ¢ ISURISYC+Q0TMIZ,3,ISURI®XZC+O0RGIIHZISUR)
1163, X=X~-VORG(1,NVOL)
1164, Y= Y'VORG‘Z,NVOL,
116%e 222-VORG ( 2, NVOL )
116€. XNSVTME1,1 ,NVOL IAXeVTM(T,2,NVOL IRY+VTM(Y, SvNVOL)*Z
_1167. YNZUTMU2, 1aNVOLISX+VTM(2,2,  NVOL)AY+VTHMI2, 3, NVOL )52
1168, ZN VTH‘S 1, NVOL’*X’VTH‘ '2ONVOL)*Y4VT"( e S4NVOLI®2
1169, RE TURN
; 117C. € dx el s e e xic s o 2n o ok o ok o e ol e kot e a0 ok e o ok e ok ok e kX ofk adk ok e ol ok ok ok X ok ok odr ool o ok o Xk ok 3k e ok o ok e o e o o AR o
H 1171. FUNCTION SOX(LTYP,ISUR NVOL sIA,CF NWN MWM)
: 1172. C»
1173, C*

: 1174, C* SOX ANALYTICALLY CALCULATES THE X=COMPONENT OF LNM FOR COMPONENT
! ) 1175, C* MODE SYNTHESIS (IN MULCV)e LNM IS ALWAYS CALCULATED CVER THE
& 1176 C* ENTIRE OPENING,
b 1177, C=

1178, C=

117%. C* ISUR: OPENING NUMBER

1180, C#x NVOL: VOLUME NUMBER
3181, Cx LTYP: OPENING/VOLUME INTEGRATION TYPE
. 1182, c*

1183. Cx IA: ARRAY CF INTEGER CONSTANTS

1184, C* CF: ARRAY OF REAL CONSTANTS FOR ANALYTIC INTEGRATION

1185, Cx

118¢., DIMENSION IA(Z),CF(4,3)

_ 1187, ' ISURSISUR
1188, GOTO(10,20,30s40),LTYP :
1189. C3sya TYPE #1le RETVTANGLE/RETANGULAR PARALLOPIPED
119C. 1o A=CF(2,1)
1191, Al1=CF(3,1)
1192, XL=CF(4,1)
1153, ToWN(TACY) NWNJNyOL)
1194, IPZWMOt2,MKMyI SUR)
1195, IF(ABSIXL=AY)oGT.ZERC) GOTYO 17
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OF POOR QUALITY,
.11%9¢&. IFII+1P,£EQQ)GQOTO 11
1157, IF(I=IP.NE,p) GOTO 15
11?&. IFII-IP.EC.Q) GOTO 1¢
119%. 11 SOX:XL
120C. __GOTO 1111
1201. 18 S0x=0.0
1202, __GOTo 1111
1212, 1¢ SOX=0.S5*XxL
1204, GOTO 3111
1205 17 vYCMlzAle-XL
120€. T1ZPI®XL/AL
1207. TT1=PI%A/A]
1208, VMMYMZIP /XL
1209 . VNYYC=I/Al
121C. IF(I+IP.EQ.C) GOTO 12
1211. VM2ZUNYYC=VHMMYM
. 1212 IF(ABS(VM2) LT 2EROIVM2:=0.0
¢ 1213, IF(AEQaDesAND «VMR2EQ«O¢) CGOTO 13
1214, BETA=I=TT!
i 1215 IF!‘.NE.D-C.ANDOV”ZOEQQOO,GOTO 18
4 1216. VMIZVNYYC+VMMYM
: 12170 V1= 1/PI/VM}
1218, V2=1/PI/VM2
121G . ALPHA=I*T1
1220. IF(AEQaDs e ANDoVM2,NELD.)GOTO 34
1221. GAMAZALPHA+BETA
12220 ' IJF(AJNEeDesANDWoVM2sNEL.Os) GOTO 19
1223 12 sox=xtL
1‘2299 - .6OTO 1111
122¢5. 1T SOXZpge5*XL
122¢€, 6OTO 1111
1227 18 SOX=0.5%XL*CGS (BETA)
1228 GOTO 1111
122%. 14 SOX=0eS®(SINIALPHAIR(VI+V2) )% =1)ax(IP+2)
123C. GO0TO 1111
1231, 19 SOX=DeS*(SINI(GAMA)%R(~ 1)*#(1P02)'SIN(BETA))#(VI’V?)
1232, GOTO0 1111
1233, C*xsx TYPE #2¢ CIRCLE/CIRCULAR CYLINDER
1234, 20 s0x=0.0
1235, ISWNE2,NWN,NVOL)
123€ . IPZWMOt 3, MWM, TSUR)
1237, IF(IABS(I~-IP).GT.0) GOTO 1111
123¢8. RO=SWMO(1,MWM,ISUR)
1239, RAS(WN(I,NWN,NVOL)%%2,C0%%2 = ‘HN(q,NNN,NVOL)*PI
1240. JYNODC (4, 3,NVOL) j%%2)
1241. RAZ(ABS{RA))I%%0,.5S
1242 $=0.0
1243, ZZGNODC (29 L9 ISUR)
1244 . SOX=BESIY1e¢09Ce091el+0e0,ROyRALSHE)
1245, GOTO 1111
124€C . Caxmk  TYPE #2., ANNULOUS OF CONCENTRIC CIRCLES/CIRCULAR CYLINDER
1247, 20 S0x=0.0
1248, JoWN(ZI,NWN,NYOL)
1249. IPSWMO( 3, MMy ISUR)
1250, IF(IABS(I-IP)«GT.0) gOTO 11113
1251, ROSWMOt 1 oMWMyISUR)
1252, Rl'(HN(I.NNN,NVOL’¢*ZICO##2 (HN(“,NUN,NVOL)#PI
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L 4
1253, £ /JNUNODC (4, 3,NVOL))5%2)
1254, RAZABS(RA) %#%0.5
__125¢8, SZONODC (3,2, ISUR)
125¢. ONODC(ZovaSUR)
1257« sox:asscx.z.a CeBsie0s0eD,RO,RA,S,E)=BJPI(ESRO,I)/BYP(EwRO,])
1258, & #BES(I9yCesleslesBesROWRAHSHE)
‘ 1255, GOTO 1111
| 126Ce  Cogus TYPE #U ANNULOUS OF CONCENTRIC CIRCLES/ANNULOUS OF CONCENTRIC
g 1261, Cx CYLINDERS
2€2. 4p sOX:.O.U
1263, ISWN( 3, NWNy NVOL)
1284« IPSWMO(3,MWM, ISUR)
, 1265, IF(IABS(I=IP)+GT.0) GOTO 1111
| 126¢€. ROZWMO(1,MuM, ISUR)
; 1267, RAZ (WN(1,NWN, NVOLl#*ZICOt#‘-lUNCQANdN.NVOL)#PI
; 1268, € /yNODC U4, 2Z,NVOL) ) *%2)
- 1265, RAZABS({RA)%%ne&
- 12¢C. STONOQC( 3,2, ISUR)
: 1271, ESONCDC(2,1,I5LR)
- 1272. C1=BJP(RO®E,I)/RYP(ROSE,I)
. 1273, C2=BJP(RA®YNODCI241,ISUR),I)/BYP(RASVNODC(2,1,ISUR) 1)
- 1274, SOXZBES(Iy1e89Ges2e0,C0yROsRAySsEIaCI*BESIIo00rleslesDesRO,
3 1215, € RALS,E)=C:Z *esctl.x.a,o.uLﬁggl;.n RO,RA,S,E)+C1l3C2%
:" 12760 & QEQ'I !o.Co'00'10.R0'RA S+E)
1277, GOTO 1111
127¢, 1111 RETURN
12?9. 211232 R332 3 22 2 33 22 321ttt 3 i ittt iR iit Rttt iis it il isi ity l)
1280, FUNCTION SOY(LTYP,ISUR,NVOL ¢IA,CF ,NWN,MWM)
1281, _Cx
; 1282, c# -
g 1283, C# SOY ANALYTICALLY CALCULATES THE Y~COMPONENT GF LNM FOR COMPONENT
! 128%, C* MODE SYNTHESIS (IN MULCV)e ULNM IS ALWAYS CALCULATED OVER THE
3 1285, C* ENTIRE OPENING.
i 128¢. Cx
% 1287. _ C*
: {288, C* ISUR: OPENING NUMBER
b 1289, C* NVOL: VOLUME NUMBER
; 1290, C* LTYP: OPENING/VOLUME INTEGRATION TYPE
¢ 1291. C* IA: ARRAY OF INTEGER CONSTANTS
4 1292 C* CF: ARFAY OF REAL CONSTANTS FOR ANALYTIC INTEGRATION
5 1293, ca
: 1294 . DIMENSION TA(3),CF(gsT)
£ 1295, ISURSISUR
i 129¢. c*
- 1297, GOTO(10,20,30,40),LTYP
A 1298, Co%gs TYPE #1. RETANGLE/RETANGULAR PARALLOPJPED
i1p CONTINUE

TSWN(TACZ )y NWN,NVGL)
JP=WMO (3, MWM, ISUR]

ASCF(2,2)
A1=CF(3,2)

YL=CF(4,2)
IF(ABS(YL=A11,GT,2ERC} GOTO 37

IF(I+JP.EC.TOIGCTO il
IFtI=Jp.NELO) GOTO 15

11

IF(I=JpeEQ.C) GOTO 1&
SoyY=yL
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1210, GOTO 1111
1311, 15 SO0Y=0,.0
1312, G070 1111
1213, 1¢ SOY=Q.5=%YL
1314, 60T0 1111
1315. 17 YCMI=Al~-YL
_131€. T1=PI&YL/AL
1317. TTi=PI%A/AL
1318. VMMYMZJP /YL
1319, VNYYC=1/a1
1320, IF(I+JP.EQ.0) GOTO 12
1221, VM2=VNYYC-VMMYM
1322, IF(ABS(VMZ).LT2ERQ)IVM2=CL0
1323, IF(AeEQeDe s ANDeVM2,EQeB.} GOTO 13
.432%. BETAZI®TT!
325. IFCA GNE e DeCeANDeVM2,EQ,D0,)G0TO 18
1326 VMIZVNYYC+VMMYM
1327. V1z1/P1/VMl
1328, V2z1/P1/VM2
1325. ALPHAZ=I%*T?
1}30. IF(AECeDes AND VM2, NELD,)GOTO 14
1331, GAMAZALPHA+BETA
1332, IF(AeNE sDe s AND o VM2, NEoDs) GOTO 19
1333, 12 SsSOv=vYL
1334 GOTC 1111
133S5. 13 Ss0Y=g.5=*YL
133€. 6070 1111
1337. 18 SOY=0.S*YL®COS(BETA)
1338, GOTO 1111
1339, 14 SOY=0eS*(SIN(ALPHA)X(VI+VZ))a(=1)2x(JP+2)
_134C, GOTO 1111 ,
1341, 16 SOY=O.5%(SINIGAMA)®(=2)xx(JF+2)=SIN(BETA) )% (V1ey2)
1242, GOTO 1111
1343, C*aee OPENING/VOLUME TYPES 2,3,4 HAVE SAVE THATA RESULTS
1344, 20 CONTINUE ‘
1345, 30 CONTINUE
_134€. 40 CONTINUE
1347, ~ I=WN(3,NWN,NVOL)
1348, JPIWMO( I, MUM,yISUR)
1345, IF(I1eEQeJP+AND «JPoNE D)ISOY=PI
1350, IF(IABS(I=JP) 6T.0)S0Y=0.0
1351. IF‘I.EQ.JP.ANDDJP.EQQO,SOY:PI*ZQ
1352, 60TO 1111
1352, 1111 RETURN
1354. CHR R A KRR ARG Y F R R AR SRS AR ARSI A XBER A E G XX ETIT R X ER kxR
1355, FUNCTION SOZ(LTYP,ISURSNVOL yIASCF  NWN MWM)
1356 C* SO0Z ANALYTICALLY CALCULATES THE Z=COMPONENT OF LNM FOR COMPONENT
1357, Cx MODE SYNTHESIS (IN MULCV)s LNM IS ALWAYS CALCULATED OVER THE
1358, Cx ENTIRE OPENING,
1359, C*
1360. Cx
1361, C* ISUR: OPENING NUMEER
1362, €% NVOL: VOLUME NUMBER
1363, Cx LTYP: OPENING/VOLUME INTEGRATION TYPE
1364, C* JA: ARRAY OF INTEGER CONSTANTS
136S. Ces CF: ARRAY OF RgAL CONSTANTS FoR ANALYTIC INTEGRATION
136€. Cx ’
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1367, __ _DIMENSION IA(Z),CF(Ul,3)
1166, c* --
.. 1369 GOTO0(10,20,30,40),LTYP
1370, Co%4qe TYPE #1le RETANGLE/RETANGULAR PARALLOGPJPED "
. 1371. 10 CONTINUE
1372, KSWNCIAC3) , NWN,NVOL )
1372, SO2=ISUREMMKM
1374, SOZ2=COSUIK#PI®(=CF(2,3)/CF(3,3)))
L A375e__ GOTO 1111 A . P
137¢, C3xax OPENING/VOLUME TYPE 2,3,4 COMBINATIONS ALL REQUIRE SAMp S02Z cE o
1377. __ __20_CONTINUE e
1378, 30 CONTINUE
1379, 4G CONTINUE } ) S
1380, KTWNU4, NWN,NVOL) !
1381, SO0Z=COS(K2PINCF(1,1)/CF(1,2))
1382, GOTO 1111
1333, 11311 RETURN
138“. Ch2g o Xtk px ook dak ool gr oy kol ay deag e ok xomak o ko ok Xx i ok o ek g
1385, FUNCTION BES(JsA¢B,CoDoALYBT,S,F)
138¢ ., DIMENSION UI(2) -
. 1387,  C=x i

1388 C* INTEGRATION OF (A®BJ(AL®X,J)+BSBY(AL®X,J) )8 (C*BI(BTEX,J)+

1389, Cs__ DsBY(BTSX_J))%X OVER X FROM € TQ F

1390. C*
1391. BES=0.0
1392. ALXSAL®F
1393, 3TXZBTF .
1394, p0 1 1=1,8 ;g
1395, 1 Uerrz=c.n b
139¢., IF(A ,EQsDeC) GCTO 1C ‘
_"1§%Zg vU‘l):EJ(ALX.Ji ‘ ™
1398, UG2)I=BJPLALX»J) : ‘;
1399, 10 IF(B,£Q.040) GOTO 11
140qpe. UE3I=BY(ALX,J)
1401, UCY4)ZBYP(ALX,J) i%_
1402. 11 IF(ALEQ.BTIGOTO 13 FIR
‘“NjﬁgB. IF(C.EQeDeC) GOTO 12 ‘
1404, ULSISBJIBTX,J) e
”~l9950 UIEIZBUP(BTX,yJ) e 1
140¢€. 12 IF(D.EQe0.C) GOTO 13 ot
1407, U{72)=8Y(BTX, J) -
1408, UCBIZBYPIBTX,dJ)} o
~’;QO90 13 CONTINUE e
1410. . IF(BTeEQeALIBESUSF2%2/22({U(2)2U(8) )22+ (1oJtx2/ALX2%2) :
_ 1“1;9 € (UCLI+U(3))%%23 T
412, IF (BT uNE AL IBESUSF/ (BT*32aAL®*2 )2 (ALS(UIS)AULT)IRCU(2)+ULL))) .
1413, & ~(BTH(UCL1)+U(3))%IU(6)+L(E)))) i
1414, IF(S.EQeTe0) GOTO 20 ’ L
1415, AL XTAL%RS S
1416, BTX=8Tx%S : o
L d817. IF(A.EQ.O,.C) GOTO 1y
1418, UCL)IZBJEALX ,,J) -
1419, U(2)SBJUP(ALX,J)
1420, 14 [F(B.EQ.D.C) GOTO 15
'“_;“210 UI3ISBY(ALX,J) )
P 1422 ULY)ISBYPIAL Xy J) T?
_ 1423 15 IF(AL.EQC.BT) GOTO 17 P
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_IF(C.EGe0.0) GOTO 16 ,
U(5)=8Y(BTX,J) t
U(é)‘BJP(ETx.J) i

1¢' ;F(D.EQ.DeC) GOTO 17 : @
U(7)-BY(aTx J)
UIB)IZBYPIBTX,d)

17 CONTINUE :

CIFU(BTLEQeAL IBESSSH%o/ 20 ((ULZ)+UIL) ) 524 (1w 2/ALXER2) % :

€ (UE1)+U(3))1%=2)
IF (AL NE .BT)BES S/(BT##Z-AL**Z)*((AL*‘U(S)’U(?))#(U(zi’U!“))) !

& =(BT*(UCII+U(3)IS(lEI+U(R)D))

20 BES=BESU-BES ' ' i

3 4

" L l43¢€ RE TURN |
3 1437, Cx 5
" 1'@35,“’ wC#ttt##t{tﬁt##t#tt###g}ig#t##t*t#t#t*#ttﬁ##t#tl*tt#ttt###t#tt####t##* :
¥ 1439, SUBROUTINE ANJAFS(IS) Co
5 1440, C* ot
5 1441, C» :
% 1442, C* ANALYTIC CALCULATION OF JOINT ACCEPTANCE IN FORM REQUIRED BY K

1443, C*x THE EXTERNAL PRESSURE FIELD TYPE, MODE SHAPE ODESCRIPTION IS GIVEN

2 N
. 1444, Cx BY FOURIER SERIES,. :
! 1445, c* ¥
s _duue, C* ;
i 1447, IR=NSTOR(IS) !
! 1448 READ(L12°IR)BPC !
! 1445, 70 200 MWM=1,NM(IS)? !
1450, DO 130 NOB=LpANp,MBAND 3
a 1451, RJA(NOBIZC.C P
¥ 1452, IF (CENTFUINCE) =kM(1,MWM)+GT<ENDWMI(NO,1))GOTO 208 Pl
? 1453, IF(WM{1,MWM)I=CENTF(NOB).GT.BENDWM(NOE,2))GOTO 100 v
1454, GOTO0(10,2C,20),IPF(IS) P
1455, Casxs PRESSURE FIELD TYPE #1. REVERBERANT L
_.lus¢€., 10 BX=SNODC(2,1,IS1*CENTFINOSBI/PI/Cp R
1457, BYZSNODC(7,2,1S)%CENTF(NOB)/PI/CO §os
1456, DO 13 MT1,MX P
1459, DO 12 MP=1,MX 4
: . lueC, CALL RVBJAIVJP BX,M,MP,PI) o
i 16463 IF{VJUP.EQ,C.J)GO TO 12 Loy
* 1462, DO 11 NS1,NX , .
1462, 00 11 NP=1,NX -
, __lusu, CALL RVBJA(VJQ.BYyNyNPoPI)
: 14885, VIZVI+VIPEVJIQREPQ (M N MWM)#BPQ (MP NP, MW M)
£ 1466 11 CONTINUE :
1467, 12 CONTINUE S
i 14684 12 CONTINUE
3+ R TTT GOTO 90
i 1470, Ceses PRESSURE FIELD TYPE #2, AERCDYNAMIC TURBULENCE
1471, 20 AX=EX(1,IS) ' ;
{ 1472 AYZEX(3,15) Lo
i 1473, ' BX=SNODC(2,2,IS)*CENTFINOB)I/PI/CO%EX(2,1S) P
474 BYSSNODC(242,IS)I*CENTFUINOB) /pI/COXEX (4,1S) o
5 1475, DO 23 Mz1,MX ;
{ 147¢, DO 22 MPZ-1,MX :
! 1677, CALL ATJA(VJP,AXsBXsMsMP,PT) ;
1478 - IF{VJP.EQ,D0,0) GOTO 22 A
1479 DO 21 N=1,NX :
f 1480, DO 21 NP=1,NX :
E
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__uﬁékLmﬁlJALMJQ;A!&QI@&;NBJELJ

PUSTS

1481,
: 1482, VIZVI+VJPE VJIGSEPQ (M, N, MWM) *BPQ (MP, NP, MWM)
L 1482, 21 CONTINUE
g 1484, 22 CONTINUE
© . 3148S. 23 CONTINUE
S Y- I'N G070 50
i 1487,  Cxxss PRESSURE FIELD TYPE #3. PLANE WAVE FIELQ
! 1488, 30 3X=SNODC¢2,1,IS)*CENTF(NOB)/PI/CO%COSIEX(1,IS))
i ..A489.  _ BY-SNODC(2,2,1S)*CENTF(NCB)/PI/CO%COSIEXL1,15))
1490, D0 33 M=1, MX
091, DO 22 MP=1,MX
1492, CALL PWJUA(VIP BX,M,MP,PI)
1493, IF(VJUPL.EQaC, nIGOTO 22
1494, 00 31 N=1,NX
L.lues, DO _31 NPz1,Nx
1t 56, caLL PHJA(VJQ BY,N,NP,PI)
__149Te u_gz_VIovapvvJo#EPQ(w.N.Mun)aEPc(MP NP, MWM)
1498, 21 CONTINUE
1499, 32 CONTINUE
_ 1530, 33 CONTINUE
TR -1 GOTO 90
1532, C*o*»
_1503. 90 RJUA(NOB)IZVI/AMN(MWM,1)%%2
1504, 100 CONTINUE ]
1505, IRS(NSTOR(IS)=1)BNSMT+MWM
150¢, WRITEC(LIO"IR)IRJA
1507, __20C _CONTINYE .
T 150¢, T1131 RETURN
‘ xsoq.w_“pftttttt###**Q##***#**###ﬁygiﬁﬁg##t#*#######t##****######*#*#t#*t
z 151C. SUBROUTINE ANJASSHIS)
: 1511, cx £
: 1512, C* ANALYTIC CALCULATION OF JA FOR A SIMPLE SIN%#SIN MODE SHAPE ;!
! 1513, C*  (SURFACE TYPE #2 AND TYPE #7 AND TYPE #8)
S 3 IRENSTOR(IS)
: 1515, IFLISTYP(Ic)EQ.7)READ(ILI2*IR)IBPQ ;
; 15l¢e. DO 200 MWMZ=1,NM{IS) 5
; 1517, MININT(WMI2,MWH))
é 1518, MPZM :
1519, NENINT(WM(Z,MWM)) :
: 1520, NP=N ’
4 1521, DO 100 NOB=LBAND,MEAND -
: 1522, BXZSNODC(Z2,1,IS)=CENTF(NOB)I/PI/CO .
i 1523, BY=SNODC (2,2, IS)®CENTF(NOR)/PI/CO 4
‘ 1524, IFUISTYP(IS)NESTIGOTC S
; 1525, BX=BPQ(1,&,MWMI4CENTF (NOB)I/PI/CO ~s
y 1526, BY=BPQ(1,7,MWUM)ICENTFINOB)/PI/CO g
1 1827 5 CONTINUE -
' 15828, RJAINOB)I=CLO
1529, _ _GOTO (10,2C,30)1,IPF(IS) |
153Ce C#*244 PRESSURE FIELD TYPE #1, REVERBERANT )
1531, 10 CALL RyBJUAULVJP,BX,M,MP,PT) !
1532, CALL RVBUA(VJQ,BY,N,NP,PT) . :
1533 GOTO SO ‘
1534,  C*»%#& PRESSURE FIELD TYPE #2., AERODYNAMIC TURBULENCE
1535, el AXSEX(1,18)
153¢., AYZEX(2,IS) :
.. 1537, CALL ATJA(VUP4AX4BX M MP,PT) :

T g I R
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1538, CALL ATUA(NJIGAY sBY N .NP,PI)
1539. GOYO 90
_1540. _ C2%es_ PRESSURE FIELD TYPE #3., PLANE WAVE
1541, 30 BX=BX%COS(EX(1,IS))
_1542. BYZRY*COS(EX(1,1S))
15432, CALL PWJUAIYJPBXyM,MP,PT)
1544,  CALL PWJA(VJQ,BY N,NPL,PI)
1545, GOTO 9C
1546 Cosrnng
1547, 90 RJAINOBIZVJIPRVJIQ/AMN(MWM,1) %2
_1su8, IFCISTYP(IS)LEQ,7TIRJAINOB)ISRJIAINOB)=(BPOIL, 5, MUMIRBPQ( 1,7, MM))
1549, £ *%x2/AREA(IS) #*=2
155C. 100 CONTINUE )
1551, IRS(NSTOR(IS)=1)2NSMT+MUM
1552, WRITE(L10'IR)IRJA
1553 200 CONTINUE
1554, RE TURN
1555. C X3k oy o ak kot o xik 2 afe ok 2 o 3jc 2k 0 xx a6 e 2 2k 3k 2 e afe o ok ol xcode e ok o ok ok ke e o kol e e ke o ko A ol ok ok A ok X kX
_155¢. SUBROUTINE PFCALUIS)
1557. Ce
1558, C* CALCULATE THE JOINT ACCEPTANCE OF 5 POINT gORCE EXCITATIQN
1559, DO 200 MWMI1,NM(IS)
1560, RJACI)S(SIMIEXLLoIS)oEXI2,1S) IS MUM)IRB2/AMNIMNM, 1) B%2/
1561, &€ AREA(IS)®%2
1562, 00 100 NoB=LBAND,MBAND
1563« 100 RJUA(NOB)IZRJALL)
1564 .. IRS(NSTOR{IS) =1)aNSMT+MWM
1565, WRITE(LIO'IR)IRJA
L1586, 200 CONTINUE
1587, RE TURN
1568. C %% sk e o e e e 2 e ik o o x Xeade o ok gk ok e wie ok e o o o o ok el ofe e i o e die ok eole e e x drafe vl ok kol ak ek e o R xR ok s kK s
1569, SUBROUTINE RVBUAIVUP 4B ,JsK,PI)
157C. C*
1571, c* ' ,
© 1872, Cc% SPECIAL ROUTINE FOR ANALYTIC CALCULATION Of REVEREBERANT
1573, Ce FIELD JOINT ACCEPTANCE WITH SIN%SIN MODE SHAPE
1574, Cx
15750 C»
157¢. DOBLE PRECISION E,F,G,H,DP1
1577, DP1=3.1415926500
1578 VJP=0.0
1579. IFCl=1)%x(J+K) L TeD)IGOTO 1111
158C. E=DPI*DBLE((B+J))
1581, F=DPI%DBLE ((B=y))
1582, G=DPI=DRLE ((B+K))
1583, H=DPI*DBLE ((B=K))
1584, IF(JEQ.K) GO TO 200
1585, T1z1e0/(PI%#2%BR(K2%2=J%%2))
1586 VJIP=T 1% (K2 (CIN(E)=CIN(F)I=J*(CIN(G)~=CIN(H]I})
1587, GOTO 1111 -
1c88 o C 200 VJUPS(16/12%J%PT*%2%B))I*(CINCE)=CINIFII*(1e/2./PI/By2(ST(EI+SI(F):
1589, 2p00 CONTINUE
1590. TIAS(1e/(2%J%PIRkzRB))
1591. TIB=(CIN(E )~-CIN(F))
1592, TI=T1A%718
15932, T2=(1e/2e/P1/B)%(SILEN+SI(F))
T3 (1e/PI%%2/(J¥%2=B882) )%(La=t=1)22J8COS(PI%R))

1594,
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1595, VJUPST1eT2+13
1596 . 1111 RETURN -
15974 FUNCTION_SItX) ‘9

, 1598. DOUBLE PRECISION X,AsAl,FC,FR s

. ..1859.. . . AZ0.000 i

: 1600. FCx1.00 o

2 1631, DO 13 N=0,40 o

: 1e02. PRZDFLOAT{2%N+1) -

1 16030 FCSFC*OFLOAT((2AN)X%(2aN+1))
1€0u, IF(FC.EC.C.OD0)FC=1.000

; L1605, A1ZOFLOAT((=1)%aN)eX*32PR/JPR/FC ‘

: 1€0€ . ATA+AL .

. _ 1837, IF(ABS(A1).LES1e8D=5 ) GO TO 20 _ IR

: ‘1608, 16 CONTINUE L

£ 1609, 2C CONTINUE f

- 1610, SIZREAL(A) “

: 1611, RE TURN ? :

) 1612, FUNCTION CIN(X) , -

1613, DOUBLE PRECISION X,A,Al,FC,PR !

A 1614, A=0.000 L

. ..lels. FC=1.00 R

3 1e1¢. DO 10 N=1,40 ’ 4

- 1617, PR=DFLOAT(2%N)

3 1618. FC=FC#* DFLOAT((2%N=1)%(2%N))

i 1€19. A1SDFLOATU(=1)#(=1)%aN)2X2%PR/PR/FC 5

4 162C. ATA+Al} :

- _le21. IF(ABStAL)WLEL1eCD=5) GOTO 20 N

3 1622, 1C CONTINUE Co 3

g 1623s 20 CONTINUE | o

S 1624, CINZREAL(A) ‘

3 1€25, RE TURN £

- 162¢6 » C 3 e o o ot e o o e e o o o e e e e ok o ok oot o o ok ook ok ok o o ok s o ol ool o o ok o o o o e ok et ol ok okl ok bl

; _1e27. ) _SUBROUTINE PWJA(VIP 4B 4J oK 4P 1) ' ;

, le28. c= :

; 16294  C* ANALYTIC CALCULATION OF SIN®SIN MODE SHAPr AND PROGRESSIVE i

; 1630, Ce  WAVE ACOUSTIC FIELD JOINT ACCEPTANCE CEr

; 1631, VJP=0.D

: 1e32. IF((=%)%2(J+K) . LT.0) GO0TO 1111 L

: o 1e32, VUPZ2 (8J¥K /PI %2/ (Jss2=B¥32)/ (K#%2=Bax2 )% (12l 1) %% %COS(PI%B)) BEE

3 le3u. 1111 RETURN S

E‘ 163 C#####t#*###*##*#*####*###*###*######*#*#&######*#*#**####*###t*#tt#*t#:\

3 T1é3€. SUBROUTINE ATJA(VUP AL +B4JsK4PI)

= 1€37. C* SPECIAL ROUTINE FOR THE ANALYTIC CALCULATION OF PRosngcsva

< 1638, C* WAVE FIELD JOINT ACCEPTANCE WITH SIN%SIN MODE SHAPE !

- 1€39, Cx . =

2 1640, BIS(2e/0Usx2+4K 42 ) ) %0, SBR , Py

= 1641, 8J1=B/4 e

- 164 2. DJUS((ALR224 1) BJ10%24] ) hk2 =t BI] %52 -

* 1643, IF(J.EQ.K) GO TO 10 T
1644, BKZE/K cod
_leus, DK=((ALEX24 1) REKSH24]1 ) 6R2 4#BUAXD :
16t4e. AJKS(JRR24 K252 ) 452/ (2 #PI4220Jn a3 2K 20 3aDUSDK)I & ( ( (AL X2~ J%B I%%241; -

LABuT. e 2-4n(Ap B 1)k 2= (FLOAT ((KER2=U%x2) ) /(K¥X2+J%%2) I %2)
1648, BUKT2 o (UnkZoK 222) %X 2/ (P I%2 T2 Jo 3K eu IR DURDK)SALEB 12224 ( (AL #%2=1)
_1e49. EsBla%2ey)
'165C. VUPSAUKRL 1 =i=1 ) eaJREXP (=PI AL2B)RCOSIPI*B) )+BUK*((=1) 28 aEXP(=PIx% 71
EAL®B)I*SIN(PIuB ) =

1651,
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1652, G010 1311 ,
1653, 10 AUS2/7((I%PT #3200 %B2) % ( (AL *%2=1)2BJ1%¥24 1) 28 2=Us(AL¥BJI1*52)*%2) '
1654, EJS8./(J%PY)us2/DJB#2%AL¥BJ1*R2%{ (AL®%2]1 )%BSI8%241) k |
1655. CUS1e/tJspl)/DUsALREJIS( (AL %241 ) #BUL**241) o o b
 _1€5E. VUPSAJS(1=(=1) % REXP (=P IuALXBIwCCS (PI*B) ) +EJe( =) anJ»EXP(~PI®AL®E -/
1€57. 1)*SIN(PI%R )1+CJ j
__lese, 1111 RETURN S
1¢5¢6, (2332322232233 2222223323322 323232 2322222222422 s st td K
- 51'(:‘76”0._“ (i 3333 3133 i3 i st it i iiii it idiiiiiiiitiiiliiiiiiilislilils
1661, FUNCTION BJU(X,N)
_ 1662, o COMPUTES THE J BESSFEL FUNCTION OF THE FIRST KIND FOR A ‘
1663, ¢ GIVEN ARGUMENT X, ANOC A GIVEN ORDER Ne
1684, c X=ARGUMENT OF THE J BESSEL FUNCTION
1665, [ N=THE ORDER OF THE J BESSEL FUNCTION
leees _C _ DSREQUIRED ACCURACY
1667, c BJZTHE RESULTANT BESSEL FUNCTION
1688 DOURLE PRECISION XDyZy2Z¢VARyVAL,SUM,TOTAL,BLY
1669« DEFINE BSLJ(TOTP,TOTQ ,ARGI=SQRT(2./(PI%X) )%
1670, € (ToTp*SIN(ARGI+TOTC=COS(ARG))
1g71e XD=DgLe(X)
1672, IF(X.6T.10.)60T0 2580
1673, IFINGGT.55) GOTO 3CO
1674 4 IF(X.EQ.Q.) GO0T0 XC
1€7S. M=57=N
1€7¢ . Z2=-1.000
1677, 22=x0%XD
1678, SuMs3.000
1679« TOTAL=C.0p0
_168C. BJ1=1.0D0
1e81. 0O 10 I=1,M ‘
1682 K=1-1 s
1683, VARZ2,00%=% (24K +N ) i
_ 1€84, TOTALZSUMSEJI*2/FAC(IV/FAC(I+N)/VAR :
___168¢. VA SSUM/TOTAL :
1¢87. IF(VAL.GT<ONsANDsVALsLT.UP) GOTO 20 1
1688 . § 3J1z-BJl :
168G, 2=2%22 :
169C. SUM=TOTAL , ,
1691, 10 CONTINUE
_1€92. 20 BLUSXC#*=N=TOTAL
1693, BJZREAL(BLJ) .
1694 . RE TURN g
1695, Z0 IF(N.GT.0) GOTO 40 ;
1696, _BJ=1.0 : 4
1697, RETURN
___le9e, 48 BJ=C.0
1695, RE TURN
1700, Cxass USE ASYMTOTIC SERIES SOLUTION
1701, 250 IF(N.GT.8) GOTO 275
1702. CALL PSQS(N,X,TOTP,TOTQ,ARG)
1703. BJZBSLJ(TOTP,TOTQ,ARG)
1704, R TURN ,
1795 . C#s#s USE 3 SYMTOTIC SERIES THE RECURSION WHEN N>&
170¢ . 275 CALL PSQS(EB,X,TOTP,TOTQ,ARG) ‘
1707, BLUNZBSLJ(TOTP,TOTC »ARG)
1738, CALL PSCSt(7,X,T0TP,TOTQ,ARG)
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~310%e B3LJNMIZBSLJULTOTP,TOTQ,ARG) ‘
171C. CALL RECURIN, X BLJUN 4BLUNM],BJ) R
_1T11e . _RETURN L f
1712, 30 BJU=C.O Pob
_A713.  ____RETURN i
1714, C*#t*###*#**####*#**#######t*###w#****t#**tt#tt#t#t*t#######t*#t :
17!__ CHERa e xR AR RXARAAREIERAEEEXRREEREXBXRXEBEXYPR B IR G R R R XXX RBR Y
171¢. FUNCTION BY(X,N) |
1717, _C* 4
1718 C* CALCULATES THE NEUMANN FUNCTION N
. A119. _C* g l
1720, DOUBLE PRECISION XD, TOTAL,CUM,SUM,2+2Z+DIV,VAL,BLY,RLY |
1721, DEFINE 83SLY(TOTP,TOTQ ,ARGIZSQRT (2e/(PIRX))S a
1722, £ (TOTPARSIN(ARG)+TOTQ®»COS(ARG))
1723, - XDS0BLELX) ,
172“0 IF(X.GT.IC.)GOTO 250 y
1725 IF(N+GT.55) GOTO 300 ;
172¢.  C=%% CALCULATEg BY SERIES DEFINITION :
1727, IF‘X.EQ.U.’GOTO 50
1728, TOTAL=0.DD o
. 1729, . CUM=0,D0 ’
‘ 173C. SuM=Q.D0 : %
1731, 2=XD%XD/4.CD ;
1732, IF(N<EQ.O) GOTO 15 )
1733, 22=1.00 :
1734, DO 10 I=1,N }
: 173c, DIV=FAC(N=I+1)/FAC(]) o
1 173¢. CUMZCUM+DIV=%Z2Z JE o
1737, 22:22%2 Bhao
1738, 10 CONTINUE f
: 1735, 15 22=1.00 S
; 174C, 8Y1z1.00 B
‘. 1741, M=S57=N o
; 1742, DO 30 I=1 M o
; 1743, DIV=ZZ/FAC(I) [
; 1744, TOTAL=SUM, (PSI(I)*FSI(I+N))I*BY1&DIV/FACII+N) A
% 1745, VALZQUM/TOTAL
174¢€. - IF(VALGT.DONeANDsVALoLT4UP) GOTO 40 : ;
s 1787, 20 3Y1z=8Y1 S
L 1748, - 22=22%2 P
1749, SUM=TOTAL ;
1750, 20 CONTINUE |
£ 1751, 40 DIV=((2.00/XD)*=N)/DP1 !
= 1752, BLJU=DBLE (BJIX N)) ;
i, 1753, BLY= l-DIV)*CUH¢(2.DCIDPI)#DLOG(XDIZ.DG)*BLJ-(l(xDIZ.DD)*vnklPI) .
S 1754, ¢ » TOTAL ;
T 1158, BY=REAL(BLY) S
i -~ 175¢. RETURN
L 1757. €0 3Y=-1.0£35 |
B 1758, RETURN
Ej ~17159. €0 BY=1.0€35
i 1760, RETURN
Ho_ 1761,  C##ss USg ASYMTOTIC SERIES SOLUTION
i 17824 250 IF(NeGTe8) GOTO 275
2 0 1763, CALL PSQS(NyX,TOTP,TOTQ 4ARG)
g 1764, BYZRSLY(TCTP,TCTQyARG)
% 1765, RE TURN
o
# -
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o T6€ e CHxewd  USE ASYMTQTIC SERIES THEN RECURSION FOR N28
1767, 275 CALL PSQS(E.XsTOTP,TOTQ,ARG)
© . 1768. _  BLYNZBSLY(TOTP,TOTC,ARG)
1769, CALL PSQOStT7,XsTOTP,TOTQ yARG)
LA77C. 3LYN1=BSLYITOTP,TOTQ,ARG)
1771. CALL RECUP(Ny X +BLYN,BLYNM1,BY)
1772, RETURN
17730 380 BY=‘103S
1774 RE TURN
B A T T L L I T I N I I T g
177¢. SUBROUTINE PSQS(NyX,TOTP,TOTQ 4ARG)
1777 DOUBLE PRECISIGN ATEX +BJUL ¢ TRMP,TRMQ ySUMP,SUMQsRJSRK Uy VAL, TP, TQ X[
1778 XDZDBLE ( X)
1779, US4 D O%N%N
1780, ATEX=8.D0%X
1781, 8J1==1.00
1782 TRMP= 1,00
1783, SUMP=1.0D0
1784, SUMCZ 0,00
1785, RJ=1.,00
. 178¢ . DO 10 MT2,5€642
1787« RK=RJ+2.00
1788 . TRMC= TRMPx (U~RJxRJ)I/ATEX
1789, TRMP=TRMQ* (U=RK®RK)/ATEX
1790 TP=SUMP+RJI*TRMP/FAC(M+])
1791. BJ1==-BJ1l
1752, TQSSUMQ*+RJI%TRMQ/FAC (M)
1793. IF(TQ.EC+C.D0)GOTO S
1794, VAL=SUMQ/TQ
1795. IFUVALGTONGANDGVAL.LTLUP) GOTO 20
179¢€. 5 SUMQ=TO
1797. SUMPZTP
1798 . RJ=RK+2,D0
179%. 1C CONTINUE
1890, 20 ARGIREALI(X=DPI%(N/2.00+0.2500))
1egl. TOTP=REAL(TP)
1802, TOTC=REALITO)
1832, RETURN
180y e COBRBARRAARXEABXERBR XX SXFEXXRATRXRREEE SRIERR B A XRER G g g AR R B ERAR R
180S. SUBROUTINE RECUR(N,X4BSLN,BSLNM1,BSL)
1806« QINT=2./X
1807. K=N-=}
1808, DO 10 I=8,K
180%. BSLNPI=QTNT*I*BSLN=BSLNM]
1910, 3SLNMIZBSLN
1811, BSLNZBSLNPI
1812. 10 CONTINUE
1812. 3SL=BSLN
1614 RETURN
1815, CHRRRM G R BEENGR G ARE SRR E TGN RR TR AR AR SHAE XX G XA ARG XX NG R K
181¢€ . FUNCTION BI(X,,N)
1817. c COMPUTES THE I BESSEL FUNCTION(MODIFIED) fOR A GIVEN ARGUMENT
1818, c AND ORDER.
181G, C XSARGUMENT OF THE I BESSEL FUNCTION
1820, c N=ORDER OF THE I BESSEL FUNCTION
1821, c BI=RESULTANT
C IERSRESULTANT ERROR CODE

1822,

RRET
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1823+ . C. JERSO _NG_ERROR ’
1624, C IER=1 N IS NEGATIVE L
1g28. _ C __ __IgR32 X IS NEGATIVE Py
182¢. C N MUST 2E GREATER THAN OR EQUAL TO ZERQ ok
1827, C : I
1828, C CHECK FOR ERRORS IN N AND X AND EXIT CONDITIONAL -1l
- 1629 ¢ : R
1830. IER=0 !
T __1831. 81s1.0 L
1832, IF(N)150,15,10 ; |
1833, i2 IF(x)160,2C,23 v :
_ 1835, 17 RE TURN A
. 183€. c P
- _1837. _C___ DEFINE TOLERANCE Ll .
- 1838, ¢ ‘ ¢
a ... 1839, 23 TOL=1.E=4 §
f 184C. € ;
. . _leut. € IF_ARGUMENT GT 12 AND GT N, USE ASYMPTOTIC FORM :
f 1842, ¢
1841, _IF(X=12.)40,43,30 :
¥ 1844, 20 IF(X=FLOAT(N) 40,430,110 f
. .. 1845, C : ‘
. 184e. € COMPUT FIRST TERM OF SERIES AND SET INITIAL VALUE OF THE SUM :
f 1847, c C
1848, 40 XX=X/2. o
._1849.  _  FACTINZ1.0 1
1850, IFi{N=1)70,70,50 i ; i
...1851. SO DO €0 I=2,H vilg
1852, FI=1 Lo
1852, €0 FACTNZFACTN®FI e
5 1854, 70 TERMZ (XX%*%N)/FACTN o
1855, BIZTERM -
‘ 185€ XXZXXHXX ;
: 1858, c COMPUTE UP TO 30 TERMS, STOPPING WHEN ABS(TERM) LE ABS(SUM OF b
: 1859 o JERM TIMES TOLERANCE ,
v 1861, DO 92 K=1,3p ;
L 1862, IF(ABS(TERM)=ABS(BI*TOL))150s100,8C ]
y 1863, &0 FRKK&(N+K) !
4 1864 . TERMSTERM® (XX /FK) g |
= 1865+ 99  BIzpI+TeRM : !
K 186€. c ;
5 1867.  C RETURN BI AS ANSWER N
& 1868 C P
C ___1869. 100  RETURN i l
= 1870 [ C ]
1871, c X GY 12 AND X GT N, SO USE ASYMPTQOTIC APPROXIMATION A
1872, c : |
1873. 210 FNTZU4EN2EN
1874, XXZ1e/1(8e%xX) .
....1875., TERM=1, i
1817, 00 130 K=1,33
1878, IF(ASS(TERMI=ABS(TCL®EI))14p,140,12C s
. 1879 120  FKZ(2%K=1)%%2 &
MSE)
- T e T g
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1880, TERMZTERM=X X% (FK=FNT)/FLOAT (K )
1881. 130 BIZBI+TERM .
1882, 140 PIZ2,141592653
1883, BISBI®EXP(X)/SQRT(Z.*PI%X) prT e, §
1884, GO_TO0 100 . : s /
188S. 150 1ER=1 ' " :
188¢€. 60 70 108 1
1887. 160 IER=2 ,
1888, GO_TO 100 '
1889, Coadmrpaagk el B RS A A XA AR AR ERXEREEEFEREER SRR RS S AR RS RIS YRR SRR & -;
.. 1890, FUNCTION BJPU(X,N) |
i891. Cx s
1892, Cx CALCULATE THE DERIVATIVE OF THE BESSEL FUNCTION OF THE FIRS?T
1893, Cx KIND OF ORDER N
1894, C»
1895, JFINGEQeDIBUPT=140%BJUX,N4+1)
1896, IFENeGTe0)BUP=CeSH(BIIX yN=1)=RUIX,N*1))
1897. 1111 RETURN
léza . (o't £ 13 ###*######*#t*t**#*###t##**t*t##ﬁ*#**###*##* X 5 o ot 2 e ok o Ax ok ok ok kR
1869. FUNCTION BYP(XN)
1900. C=
1931. C* DERIVATIVE OF THE BESSEL FUNCTION OF THE SECOND KIND OF ORDER N
1902. C*
1903. IF(NGEQeDIEYP==1,0%BY (X Nsl)
1904, IF(N.GT.O)EYP=O.S*(BY(X.N-1)-'EY(X sN+11})
1905, 1111 RETURN
1iﬂ§. C*##tt####ﬁ*##*#*#***###**###ﬁ*###*##*####t#**#*****#*###*t####t#t#
1937, FUNCTION BRIPE(X ,N) i
..1908, Cx* ;
1509. C* DERIVATIVE OF THE MODIFIED BESSEL FUNCTION OfF THE FIRST KIND
1910, IF(NeEQeDIBIP= =1, 0%BI(X,N*1)
1511, IFINGGTeOIBIP=CoS*(BI (X N=1)=BI(X,N*+1)) i
1912, RETURN :
1913, END ¥
FIN 10125 IBANK 36830 DBANK 299 COMMON
#®
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‘ __XX<MDLPRM,XX,

s
1CATA 12718/83-18:39112,)

._.,.1' C#tttttt####ttt#*##t#f_fg##t#t#'k##*t##t####W#*######ﬁl#*##***#*t#tt###t#th
2. SUSROUTINE MDLPRM(WNMC o VMNP A, ZANNyRMN ,RJA s 5 ¥ NM,SPL,CENTF,ISTYP,
g 3. SNSTOR,NAMT, NPROBN NFS ,NTAPE JNSMY yNME,NSMT,
4 4, *PREF,NAM Ny NS ,NTOB,ZMDATA,LBAND,MBAND+L4+LB,L9,L10)
E; Se C*ttt#tttt#**######t#*###*##t*###*##*##t**#*attfﬁv##*t#‘t#####*#*t‘#ttt#t
“ €. DIMENSION WNMC (NAM) (VMNP AINAM) sZANN INAM) oRMNINAM,NV) ,
{ e Mo SWMUZ,NSMX T NMINMS) ,SPL(NTOB),CENTF (NTOB),NSTORINS),
: o #ZHDATA(Nroe.nns).nJA«Nroe).Isrvpcns»
. 9 __Touts=e
: 1C, DO 15 I=Z1,NTOS
: 11, 15 CENTF (I)=CENTFtI)/€.283185
- 12. DO 23 Iz1,NAM
: R T 20 WNMCUI)=WNMC(I)/6.,283185
d 14, WRITE(IOUT,1) NTAPE,NPROEBN
5 1‘- HEITE'IOUT'Z)
. 1€ . READ(LU*NPROBN) RMN
3 17, DO 130 I=1,NAM
- 18, 1C0 WRITE(IOUT,3) WNMCII),VMNPA(I),ZANNI(I)
¢ 19 ‘ BRITE(IOUT &)
> 20, WRITE(IOYT,S)
;- 21 JO 208 I=1,NAM
% 22, WRITE(IOUT,E) WNMCLI)
23, Do 150 JZ1,NV
24, 150 WRITE(IOUT,7) J,RMN(I,J)
2S. 200 CONTINUE
2€. SUB=0.0
_2T7e WRITE(IOQUT,8)
28, WRITE(IOUT,9)
= 29, DO 330 I=1,NMS
> 30, IFCISTYP(I)LECL.O)GCTO 300
? 31. IR ZeNFS+NSTOR(I)
% 32, READ(L8"IR,ERR=111)SPL
: _...33e IRz NSTOR(I)
| 34, REACIL9*IRLERR=111) WM
; 3€. WRITE(IOUT,11) PREF
i 37. DO 250 J-LEBAND,MBAND
; 38, 250 WRITE(IOUT,12) CENTF(J),SPL(J), ZMOATA(J,T)
3 39, D0 280 Jz1,NM(I)
. 4C. WRITE(IOUT,13)uWM(1,J)/€E.28335
3 41, IRZ(NSTOR(I) =1 )=NSMT+J
> 42. READ(LIG'IR,ERRZI11IRJA
- 43, DO 275 K=LBAND,MBAND
% 4, WRITE(ICUT,14)CENTF(KD) RJIA(K)
= 4S54 275 CONTINUE
: UE o - 28C CONTINUE
-~ 47, 300 CONTINUE

~+ DO 35C I=1,NTOEB
- 35C_CENTF (I)SCENTF (1)%£,28315
’ DO 2eC I=l,NAM
3EC wWNMCUTI)ISWNMCLTII*Eo28315
1 FORMAT(43X,*ACOUSTIC PARAMETERS®,5X,°*TAPEs *,I3,*, PROBLEM# °*
By T3/43IX v hnhard ke a kA RGRe )
2 FORMAT{//25Xs*CAVITY NATURAL FREQUENCIES (K2) GENERALIZED MASE
209 11X, "BAMPING (LOSS FACTOR)I®/2€X o * %R0 dadh AReudSnanthighd ARk
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P 5€. At o SXgtuatnuhasudyanndnt 11X , ek 0nsohhbestxtnban’ ) '
57. 3 FORMAT(3SX,E10.5,19X,E10e5,19%X,E1Te5) 3
Se., 4 FORMATA/////25X,"DISTRIBUTIQON OF ACOUSTIC ENERGY®) )
5. S FORMATUI/,2SX%y " CAVITY NATURAL FREQUENCIES (HZ)® 10X, "VOLUME® 24X, a
€C. * SRMN® /25X,y *Hadxcaddgadsdaeanhedaaaphhugxrn? 10X, eaxnenn? 21X, "
él, Atk pakc ¥ )
L €2, € FORMAT(25X,E10.5) , i
: ' 63 T FORMAT(ETX,I3,23XyEL0.5) !
T . 64, € FORMATUL/////5€EX4*STRUCTURAL PARAMETERS® /56X, ‘
€. AV ezl ke ¢ )
{ _ 6&E. 9 FORMAT(//HEX, "MODAL ANALYCTIC®/YEX , " atndypyusths®)
&7, 1C FORMAT(//44X,* % SURFACE *,12,* (SAVED QN TAPE °*,13,°', SURFACE °*, 1
Lo 68, A13,°2°%) '
: ! 5%, 11 FORMAT(///7€62X s "EXTERNAL SPL*/29X,FREQUENCY (HZ)*,6X,
2 7C, A*(DBGREF *4E1045,) 1 9Xs ZMOATA /39X, "ainnusransnuns’,6X, -
: T1. AR AR REEERKEEIAA g TN, P HEEER AR ) Ly
X T2, 12 FORMATIUIX,E1065,12XyE1NeS5,12X,E10,5) §
; 4 73, 13 FORMATI//739X,*NATURAL FRECUENCY (HZ)*,7X,*BAND CENTER FREQUENCY"® ;
| T4 Ee7X9"JOINT ACCEPTANCE */ 29X gE1005429X% p "4 ia®®, 7), !
. 7¢5. V% emmmnan"® ) ‘
. - T€. 14 FORMAT(79X,E2105 ,7TX4E11,5) :
3 T7. NAMT=NAMT 1
: T8, 111 RETURN
;.{, 79 END !
T i
-, f
3 IN 321 IBANK 534 DBANK !
;
i :
- —- ‘l
E ! :

T

¢|{7'yf=\—ﬁ;wn;1§,f{zﬁﬂ*:\“m{’:'ma'u'xp bk o LGRS

TR w.\.‘q»ﬂ,_
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ORIGINAL PAGE (8
OF POOR QUALITY

10R1A 12/14/83=1E8:39(42,)
.7‘__._«.1_._____._(:_!3‘#_‘_‘#‘##*#*#__#t**##*#ttttt‘*#t*##*ttt##w}*l&t#####tt##t#*‘tttttttt#ttﬂy :
2 SUBROUTINE CALCUANS ANSS yBNSyBNSS yWNMCoZANN, VMNPA,RMNNM, AREA, WM, .
2. EVLNMy SPLaRJASZMyCENTF yNSTOR JNV 4 NAM o NS ¢NMS s NSMX o NFS o NSMT,LBAND
4o EyMBANDyNTOByNPROBN yB8W sZERO yPREF yVOL yRO3CO4PIoL74L8,L9yL10,I0UT, T
‘ Se € SPLT,ISTYP,NST) '
Y Cx ‘
i e Jo L% -
Es C» ANS: SPACE AVERAGED, BAND AVERAGED PRESSURE OVER WHOLE ie
9. C= o MULTIPLE CAVITY SYSTEM , .
1C. Cx  ANSS: SPACE AVERAGED, BAND AVERAGED PRESSURE OVER EACH
11, Ce SUBVOLUME OF THE MULTIPLE CAVITY SYSTEM
12, C= BNS: SPACE AVERAGED, BAND AVERAGED PRESSURE OVER WHOLE
13, C» MULTIPLE CAVITY SYSTEM DUE ONLY TO SURFACE ISUR
14, C* ENSg: SPACE AVERAGED, BAND AVERAGED PRESSURE OVER EACH
15« C» SUBVQLUME OF THE MULYIPLE CAVITY SYSTEM DUE ONLY Y0
¢, C» SURFACE ISUR
i7. Cx
: 18, Cx
. 19, DIMENSION WNMC (NAM) 4ZANNINAM) VMNP 2 (NAM)JRMNINAMINV ), VLNMINAM) ,
: 20, aNM(NMS) AREAINS),SPLUNTOB) ,ANS(NTOB),ANSSINTOB4NV), WM 3,NSMX),
- 21. #CENTF (NTOB) ,NSTORINS),ZM(NSMX) oBNSSINTOB,NV) BNSINTOB)
i 22. DIMENSIGN RJACNTOB) 4SPLT(NTOB),ISTYP(NS)
g 230 MRITE (10UT,9)
> 24 o DO 20 I=1,MBAND
. ... 25e ANS(I)=C.0 .
: 2€ . 0O 20 JZ1,AMS .
SR : 20 ANSS(I,41=C.0 iy
é 28, Cx :
: 2% DO 880 ISURZ1,NMS -
: 30, IFCISTYP(ISUR) «ECeCIGOTO ECC s
s . 3l. C* )
: 32. FCTSRO#*%2%CO»%4=AREA(ISUR) #%4/VOL%22/2, .
: -2 00 3 I=1,MBAND i
34, BNS(I’:COG il
: 35, DO 20 J=1,NMS
‘ 3€. 30 8Ns$¢1,d1=0.0 3
iy 37, IRSNSTOR(ISUR) :
£ 3. READ(LS*IR)IyM -
3 39. IR NFS+NSTOR(ISUR) )
. 40 READILSY IRI(ZMIJ) U=, NM(ISUR)) 2
= 41, WRITE(G, %) 2M i
s 42, IR 3I=NFS*NSTOR(ISUR)
'S 43, ___ READ(LB*IR) SPL :
S 4y, [S :
f - 45, C h
= 4. C ’
; c .
C - ;1
<
< .
...DO 40 I=31,NTOB ,
40 SPL(I)ZPREF*#2%10e**(SPL(])/1040) -
c*
cx o
D0 500 MWMz1,NM(ISUR) .
.

e

ek et i et ke o
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) S€e C»
ST ok 3
: . S8, IRZ(CISUR=1)I4NSMT+MWMINSMT NS T« INPROBN=1))
SR 59 "READ(L 7 IRI(VLNMI(I),I=1,NAM)
; 680 o IRSINSYOR(ISUR)=J])XNSMTeMWM
, 61, READ(LIG IRIRJA
: 62, DO 25C NWN=1,NAM
X €3, Conss
: 64, IF(ABSEYLNMI(NWNY) LT.ZERD) GOTO 250
ES. Cxens
L1X) FACSVLNM(NWN) %2/ VMNP A(NWN ) N
: 67 CALL COEF(A4ByCyDyEsFyGl,HyAL,PL1,A2,P2,MWM,NWN)
TR 6E o DO_10C ISLEAND,MBAND
ot 69 W1SCENTF(I)=BW*CINTF(I)
' ' 70 W2SCENTF (I )+BW=CENTF (1)
L T1. SOMZRJUA (T ) %FACHFCTASPLITI)/ (24 %BWRCENTF(I))
o 72. ANL=SGM®VINT(A 84C,DsEyFyG1oHyALsP1,A2,P2,k1,W2)
- 72, ANS(ID=ANS(I)+AN]
T T4, ENSCIDZENS(ID+ANS
- 75¢ C#xs%x CALCULATE SABAP OVER EACH SUBVOLUME OF THE SYSTEM
A 7€ DO 0 NVOLZ1,NV
4 77. ANSSCTI,NVOL)SANSS (I NVOL)+ANI®RMN (NWN,NVOL )
L TE. BNSS(I,NVOL)I= ENSS(T.NVOL)+AN1I%* RMNINWN,NVOL)
B 75 €0 CONTINUE
e 80. 100 CONTINUE
: a1. 250 CONTINUE
¢ 82 SCO_CONTINUE V
: 82. C**%%&x WRITE OUT SABAP DUE TO SURFACE °'ISUR® »Askiuxsdsdddikdgiyggprign::
$ g4 WRITE (IOUT,10) ISUR
? 8. 00 570 NVOL=!,NV
- 8€.e WRITECIOUT,2) NVOL
. 87 WRITE(IOyT, 2) PREF
f 8E. D0 _5€C ISLEAND,MEAND
- 8¢, VALS 10e%ALOGIC(BNSS(I,NVOL)/PREF%%2)
; 9C. FOQ=CENTF(I1)/2./P1
‘ 91. WRITECIOUT,S) FQ,VAL
] 92 560 CONTINUE
i 92, §70 CONTINUE
s 94 WRITE (IOUT,E)
9. WRITE(IOUT, 3) PREF
9€ . 107=0.0
97 00 €8C IZLEAND(MBAND
98¢ VALS 1C.0%ALOGIN(BNS(I)/PREF*%2)
: 95 FOQ=CENTF(1)/2./P1
. 0 . 10C. WRITE(IOyT,S) FQ,VAL
~ 101. TOT=TOT+BNS (1)
: } 102, SEC CONTINUE
B 1C3. TOT=10,0%ALOG1C(TOT/PREF&%2)
. 104, WRITE(IOUT,7) TOT
105s  Canss
...10€.  80C CONTINUE y
187+ Ce¥%#%* CALCULATE SABAP DUE TO ALL THE SURFACES IN DE
108¢  Cexe%y AND MAKE CORRECTION FOR RERADIATION
105, DO 883 NOE=1,NT0B
110, B3 SPLTENOB)I=p 0

X}
il

b e
b
PO
L ]

AT=0.0
DO 8O4 TS=1,NMS
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IFCISTYPLIS)LEC.O) GOTO 8OWH
AT=ATAREA(IS) S
8C4 CONTINUE Lo
DO 806 IS=1,NME ‘ S
IF(ISTYP¢IS)1.EC.D) GOTO 80¢ T
IR=3sNF SeNSTOR(IS) L
REAC(18°IR)SPL A
DO E£0S NOELBAND,MEBAND ' ;
SPLINCB)=PREF*%2%10,#5(SPLINCB)/10.) Ll
B80S SPLTU(NOB)SAREA(IS)/ATHSPLUINCB)+SPLTINOB) e
806 CONTINUE , -l

E li
2 FORMATU//7/74U4Xy"VOLUME = ,17/404X, "shuknshtgxsk?) ! '
I FORMATIEGOX, *PRESSURE*/43X,*CENTER FREQUENCY (HZ)®,1CX,'(DpeREFE °, '
AE1145,%) /40X, *exenryppash Rhxahanyahagnk’,8X, ,
AV REERRATR R E ARG RE T ) o :
S FORMAT(USX,E1145921X4E11,5) :
7 FORMATUI/4SCX,"OVERALL *y22X,E11,5) v !
132. 8 FORMAT(///44X,*SYSTEM AVERAGE "/44X, "wxhirsduxakddint) '
123, _ S FORMAT(8(/)y5€6Xs"PRELIMINARY RESULTS OF*/55X,°CLASSICAL MODAL ANAy
134, AYSIS®*/44X,*SPACE-AVERAGED,BAND=AVERAGED PRESSURE SQUARED®/44X,
135. I I I L P T T 1t i duidinda il |
10 FORMAT(///744X,*NOISE DUE TO MOTION OF SURFACE = *,1I2)
127, CaLL MDLRES
138, 1111 RETURN :
139, CAEERREE AR SRR RN F R REEE AT REEEEE AR GERR R IR TR T AR A Xy Sk g A p Rk oy %
SUBROUTINE COEF(AAZ,BBZWCCZ ODZEEZ yFFZ 9662 oyqHZ+ALPHAL,PHIL, S
SALPHAZ2,PHIZ MUWM NWN) wi o
DOUBLE PRECISICN CAl4,5),DET LA
COMPLEX X,Y o
ASTWM(1,4MWM) f
3ec ZMI{MWM) ¢
EBZWNMCI(NWN) :
DE=ZANNINWN)] Eo?
IF(A80505E5)E8:58¢500 £ :
GoUeABRR2RERE =2k A84%2 ‘
ALPHAz==G/2 i
pHIS(Iu»aRxxy-C#%2)%x20s5)/C i
XZCMPLXCALPHA,PHI) R
YSCSQRT(X)
ALPHALIZREAL(Y) S
PHII-AIMAG(Y) ol
BT JRERR2uDBE%2=2 . %E 8RR ;
ALPHAZ=G/2 I
PHIZ((UYUAEBxsy=Can2)unD,5)/2
SCMPLXUALPHALPHI)
YSCSQRT(X)
ALPHA2ZPEAL (Y) o
PHI2ZAIMAG(Y) St
SI1ZALPHAR#%24PHI1%%2
SZZALPHARA%Z+PHT 2%%2 .
CAl1,51=3.D0 . b
C“Z’S):GQCU :
Ca¢2,5)=1,D0
CAtL4,5)=C.00
CACLly1)SDFLOAT (%S #S2%%2)

-

DS LI LGN AL i AR I L e A T
B D PSS
.
(v
o
L J

= e
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R e o

L e e h . ai k™ R3eic MR ta o o

170, CAL1,2)=DFLOAT(C.00N)
171. CACY ) FLOAT(2%S 1ux%x2%82)
. 172, CA(1,4)=DFLOATIC.O)
| 173, CAG2,1)SDFLOATI2%(S28%2+42%S 12S2«lxpl PHA2*%22S51))
% ‘ 174, CA(2,2)=DFLOAT(45ALPHAL#S2%%2)
: 1718, CAC2,y3)-DFLOAT(2x(S1n%242%S1aS2=4XALPHAL#%R2%52]))
' ‘ 17¢. CA(2,4)=DFLOAT(4ALPHA2%S1%%2)
i 177 CAC(Z,1)=pFLOAT(2%(24S2+S1=4xALPHA2%%2))
i 178, CA(3,2)=DFLOAT(2%(U4U=ALPHAL%S2=8%ALPHAI®ALPHA2%%2))
; 179 . CA(Z,3)=DFLOAT(2%(2%S1+S2=42ALPHAL%X%2))
18C. CA(3,4)-DFLOAT(2%(4xALPHA2*S] =8%ALPHALIR®2%ALPHA2))
| 181, CA(4,1)=DF _0AT(2.0)
; 182. CACtY4,2)=0DFLOAT(4%ALPYAL)
§ 183, CA(4,3)=DFLOAT(2.0)
3 : 184 4 CA(Y4,4)=DFLCAT(4*ALPHA2)
{ ‘ 185. CALL DPINV(CA.“.I.Q,DET)
- 18¢€. BB2=REAL(CA(1,5))
: 187, ' CCZZREALICA(2,5))
; 188 ¢ FFZ-REAL(CA(3,5))
’ 189 . GGZ=REAL(CA(4y5))
___19C. 0bZ=8BB2
191. AA2=-CC2
192, EE2==GGZ
193, HHZ=FFZ
1 194 . RE TURN
g 19%. c#t_tt###*#*#*####*&#**##t########*###*##***######*t#**#**####*##*#####atz
* 19€. ____FUNCTION VINT(AAZ 4BBZ,CC2 4 0DZ EEZ sFFZ 46GZoHHZALPHALI,PHTIL,
197. SALPHAZ2,PHIZ, W1l ,W2)
198¢ . TERMIZ(AAZ/2)*ALOG (W2 xu2+2 #ALPHAL®W 2+ ALPHA 1 %22+4PHI]=x2)+((BB2~
156 BALPHAIXAAZ ) /PHII)SATANCIW2+ALPHAL)/PHILI)=((AAZ/2)%ALOG(WLI%%242%
; v 23c, SALPHA L SW1+ALPHALS¥2+PHI1%%2 )+ ((BBZ=uLPHAI%AAZ)/PHI1)RATANG (W1
| 201, SALPHAL) /PHIL))
' o202, TERM2Z(CC2/2)%ALOG(W2*%2 =2 % AL PHA1*W 2+ ALPHA 1 %22+ PHI1%%2)+ ((CCZ%
203. SALPHAL+DDZ)/PHILISATAN((W2=ALPHAL)/PHI1 )=l (CCZ/72)%ALOG(N]1%%R2e2%
204, SALPHA W1+ ALPHAL%%2+4PHI1%%2 )+ ((CC2%ALPHA1+4DD2Z)/PHI1)IXATANG (W]~
205 SALPHAL)/PHIL))
206 TERMI=(EEZ/2)*ALOG(W2¥% 242 ALP LA XW 2+ AL PHAZ®% 2+ PHIZ%%2) + ((FF 2~
207, ' SALPHAZ%EEZ ) /PHI2)®ATAN( (NZ+ALPHAZ)/PHIZ2)=((FEZ/2)%ALOGIWI%%x242%
208, SALPHA2%W1+ ALPHA2%%2 +PHI2% %2 )+ ((FFZ ~ALPHA2XEE2)/PHI2)I=ATANC(W]1+
209. 2ALPHAZ2)/PHIZ))
: 210, TJERMU=(GG2/2)%ALOGE w2su2=28ALPHA2*W 2 +ALPHAZS#2+4PHT2%%2) 9 ((GGZ*
L 211, SALPHAZ2¢HHZ ) /PHI2)®ATAN((W2=ALPHA2)}/PHI2)=((GG2/2)%ALOG (W1%*2=2%
L Lo 212, SALPHA2*W1+ ALPHA2%%24PHI2%%2 )+ ({ (GGZ*ALPHA24HHZ ) /PHI2 ) 2ATANC (W1~
213, 2ALPHAZ)/PHIZ))
{ L. elle VINT-(TERMI+TERM2+TERMI*TERMY )
| L 215, 111 RETURN
f : i 21€ Cogsudgmaeg Rk agrxiRyirfrg s dd ol K fogo e ook ok e o o e ae o e oy ke o e e e
‘ 217, SUBROUTINE MDLRES
‘{ ; 218, C*x
) 219. Cx
; 220, C* MDLRES OUTPUTS THE FINAL RESULTS OF THE REQUESTED MODA{ ANALYSIS
- s 221, of ]
[ 222, 100 WRITE(IOQUT, L)
; 223, T0T=3.0
: 224, DO 120 NVOL=1,NV
{ : 225 WRITE(IOUT,2) NVOL
j: L 22&. WRITE(IOUT,3) PREF
:iv@» , _____ T W o FORR ~ o

ﬁm
{
!
!
3
3 i
L}
&
X
)
t

T
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2217, dRITE(IOUT,4)
; 228, 00 11C NOB=LBAND,MBAND
L 229 ANSSINOB,NVOL)SANSS(NOS,NVOL)/(1+ANSS (NOB,NVOL) /SPLTINOCE))
i 230, TOT=ANSS(NOB,NVOL)+TOT
. 231e VALZ10e*ALOG13(ANSSINOB,NVOL)/PREF%*%2)
?5 232. FOSCENTF(NQE)/24/P1
233 WRITELIOUT,S) FQ,VAL
. 234, 110 CONTINUE
23S, TOT=10.*ALCCLO(TOT/PREF %22 )
23¢. WRITZ(IOUT,7) TOT
237, 120 CONTINUE
238, TOT=3.0
i 239, WRITE(ICUT,8)
: 243, WRITE(IOUT, 3) PREF
N 28l WRITE(IOUT,4)
: 242, DO 130 NCB=LBAND,MBAND
1243, ANS(NCB)I=ANSINOB), (1+ANSINOB) /SPLT (NOB))
) FLT ~ TOTZANS(NOB)+TOT
j _245. VALZ1C.*ALOGLO(ANS(NOB)/PREF#%%2)
: 24¢, FOQ=CENTF(NOB)/24./P1
T 24T WRITE(IOUT,5) FQ,VAL
@ 248, 130 CONTINUE
i 249, TOT= 10.%ALOGIlp(TOT/PREF®%2)
3 250, WRITE(IOUT,7) 10T
@ R 251, C#“t*##*########*####*‘*,;,.g**#**##***t#*###t**ﬁ##**####t#*####*##t######
% 252, 1 FORMATIBI(/), 44X, *SpPACE~AVERAGED,,BAND=-AVERAGED PRESSURE SQUARED®,
& . &53, Y 4X," ###*#*#**##*###*#t#*#**####*#ﬁ#f?_*###t# kg eux® )
i 25k . 2 FORMAT(//7 44Xy "VOLUME = °,I3/G4X, sssacessssxs’)
d _255. 3 FORﬂAI(SOX,'PRESSUR"IQ}X.}C‘NTER FREQUENCY (HZ)*y10X,*IDB,REFE *
56« AE11. Se® )P /UDX, " AXRXXEARXBXAXGHEAEAXXF RARXREE L BX
| . 257. A'#***####**#*#######g')
?f - 2584 4 FORMAT(4G0X,*( MODAL ANALYSIS)®)
1 259, & FORMATIY48X,E1145,21X9E11e5)
3 250C. 7 FORNAT(/.SCX,'OVERALL'-ZZX.EII.SI
. _261e 8 FORMAT(/7/7/744X,s 'SYSTEM AVERAGE*/44X , *oxxssaaaxniin’ )
262, Cunxe
: 263 1111 RETURN
: 2644 I ND

. FTN 1754 IBANK 1141 DBANK

TOR—— S T AR k3 - e B e — - rmete Y i s
3
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y&. € 2o S ol a2l 2 xdx ok e e o o e e o o o3 e o xx e g ok ok o o e sk e ok ok xSk ok R o o o e ok or ok o o 2 o ok ok e ok kv ool M ok ok M
z. SUBROUTINE DFCALCUANS yANSS yKNMC oZANNSVMNP A sRMNGNMGAREA, WM WF W],
s aVLNM'SpLDRJA'Z"’CENTFQNSTOR’NV’NS"T'N‘H'NS’N“S'NS"X’NFS'ISTYP’
Yo CN“SoNTOE,NPROBszERQ|PREF.VOL.RO,C0.PI'NSTQL79L80L9'L1QcIOUTyBH'
S & _TanNDp)
(X Cx*

_ T Cx ANS: SPACE AVERAGegD PRESSURE AT DESCRETE FREQUENCIES OVER WHOLE
8 C* MULTIPLE CAVITY SYSTEM
9 C* ANSS: SPACE AVERAGED PRESSURE OVER EACH SURVOLUME OF THE MULTIpLE
10, Cx CAVITY SYSTEM
11. C*
12. Cx
12, DIMENSION WNMC (NAM) ,ZANN(NAM) ,VMNPAINAM),RMNI(NAM,NV),VLNMINAM),
14, #N”(NHS).AREA(NS,.SPL(NVOB),ANS(NHS),ANSS(NHS,NV’.HH‘}.NSHX"
15 SCENTF INTOR ) oNSTORUNS) 9 ZMINSMX) L, ISTYPINS)
1€, DIMENSION RJAINTOB) o TBNDINWS)
17, WF 2Pl %WF
18. WIZ2.%PI*W]
17, DW= (WF=-WI)/NWS
20. WRITECIOUT,S)
21. D0 20 I=1,NyS
22 ANStINZ=n.0
22, DO 20 4=1,NmMS
24, 2C ANSS(I,4)=C.0
25, DO 248 I-1,NWS
2€ DO 22 NOB=1,NTOB

2T. ML=CENTF (NOEI#(1-B)
28 QH=CENTF(NOE)*(1’BH)

] - Y . .

25, TSZWI+I%DW

IC. 22 I?(TScGT.HL.ANDoTS.LT.“H’GOTO 23

Ite 23 78“0(1):NQE*10

32. 24 CONTINUE

33, DO 800 ISURZ1,NMS

34, IFCISTYP(ISUR) +EQ.0)GOTO 80C

35, FCTSRO*#2*CO%%4%AREA(ISUR) 224 /VOL®B2 /2
3¢ IR=NSTOR(ISUR) )
37, READ(LY'IR)WM

38. IR= NFS+NSTOR(ISUR)

39. READ(LYS® IR)I(ZMUJ) ,JZ1,NMIISUR))

4Q0. IR ZI&ENFS4NSTOR(ISUR)

41, - READiLBYIF) SPL

42, ' DO 25 I=1,NTOB

43, 25 SPLUI)SPREF*#2%10%%x(SPL(I)/10.)

44, ' WRITE(E,%) M

4S5, NRITE(6,%) WM

4€, WRITE(E,%)WNMC

47, WRITE(E,%)ZANN

YN DO €00 MWMZ1,NM(ISUR)

49, IRS(CISUR=1)IXNSMT+MWM NSMTANS T (NPROBN=1))
§C, REACCL7 IR) VLNM_

51e IRSINSTOR(IISUR)=1)xNSMT+MNM

52. READ(LIC*IRIRJA

53 : DO 250 NWNZ1,NAM

S5k e Cxk&h

5€, IF(ABS(VLNM(NWN))LTZERO)} GOTO 2510 -

g1 e o s
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. 4
, - |
1 S€e _Caeas S
i 57, FACSVLNMINWN) *x%2/ VMNP A(NWN) ' . ;
’ 58 DO 100 I=S1,NuS L
- 59 NOB=INT(TEND(I)) ok §
. 60s SQM=RUA (NOB)#F CT#FACXSPL (NOE) /({2%BW *cENTF (NOB)) o
g 61 ANL1=SCM*VQ (WM (1 MWM) g WNMCINWND 3 ZMIMWM) o ZANN (INWN)D , I, D) o SERT
i 62, ANSCI)ISZANS(TI)+AN] .
) 63s  Cas¥s CALCULATE cABAP OVER EACH SUBVOLUME OF THE SYSTEM R

1 eh, DO SO0 NVOL=1,NV i
1 65, ANSSIToNVOLISANSS(INVOL)+ANI*RMN (NWyN,NVOL) S

i 6€. S0 _CONTINUE T
| 67 1C0 CONTINUE o
3 68 250 CONTINUE , - 4
4 €54 SCC CONTINUE ‘ - P
b 70, __ C*#%% MAKE CORRECTICN FOR RERADIATION THROUGH THF SURFACE AND CONVERY |
g 71e Cx%#s INTO PRESSURE N ,
- T2, DO S4C K=1,NWS I
1 73, NOBZINT(TEND(K)) ST
| 74 ANS(K)IZANS(K)/(1+ANS(K)/SPLINCB)) Lo
A 75. BO 530 NVOL=1,NV - .
16, ANSS (K NVOL ISFAC®ANSS (K 4NVOL) __ S i
! 17, ANSSUKoNVOLYSANSSC(K,NVOL)/ (1+ANSS (K NVOL)/SPLINOB)) S
§ 18, SIC CONTINUE L

79, §4C CONTINUE o
___ 8Cs 8CC CONTINUE i

81, Cossss WRITE OUT SABAP DUE TO ALL THE SURFACES fesiisdsssssARsadkshkns:

! 82, DO S703 NVOL=1,NV -

3 83, dRITE(IOUT,2) NVOL P
. Bl WRITE(IOyT,3) PREF Ty

4 8%, D0 580 1=1,NWS i

- 8e, VALZ 10.#ALOGIC(ANSS(I,NVOL)/PREF%=%2) m!

: 87. FCZ(IxDW+WI)/2./P1 o

. ___88e . _WRITE(ICUT,S) FQ,VAL o
s 8% 56C CONTINUE PR
; 90,  S7C CONTINUE i F
i 51, WRITE(10UT,€) i
- 92, WRITE(IOUT,2) PREF , P
. 93, 107=0.0 -
§ a8 DO_580 I=1,NWS % ;
3 95, VALZ 104#%ALOG1O(ANS(I)/PREF#%2) R
2 96 FOZ(I¥DWewI)/2./P1 . ’
9 97, WRITE(ICUT,5) FQ,vAL 3

» . %g. TOT=TOT+ANSU(T) B

3 99, EEC CONTINUE i

3 130, TOT=310,0%AL0G]10(TOT/PREF®%2 ) : -

- 101. WRITE(IOUT,7) TOT .

- - 102  CHhmas et

"~ 103, & FORMATU ,7/L44X 3 *VOLUME = *,IZ/44)X , "%k )

; 104, 3 FORMAT(80OX,*PRESSURE®,43X,* FREQUENCY (H2)*,1CX,(DR,REFE *, ™ :
¥ 105, AE 305, ") " /40X, " axpuhadetkdkrk ey nitxkpxhik? 82X, : : ;
g - _10¢, Adtorskag gkt phay ) o

- - 187, S FORMAT(UBX,E10.5,2iX,E10.5) -

¥ 10e, 7 FORMAT(/4SCXy"OVERALL *422X,E10.5) s

a © 109, 8 FORMATU///744X o *SYSTEM AVERAGE "/44X, *axkipkitorkiak®) .

g 110, 9 FORMAT(8(/)45€6X,"PRELIMINARY RESULTS OF*/55X,*CLASSICAL MODAL ANAL

% 111, AYSIS* /44X, *SPACE-AVERAGED, PRESSURE SQUARED'/44X, £

é‘ , 112, AV ek R X ol B e XN XU ARE Y ) i ‘
,i -
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112, 1111 RETURN

11(,. C##tt#t###t*t#t###*###tt***#########t####t##t*#####***tt*ttattttt

115, FUNCTION VC(SF,AF,52,A2,1,0W) i

11€. FRQ=I#*DWeWI )

117. VOSFRQER%4 /) ((SF2%2=FRQ#%2 )%+ 8%S2 %X 24FROSBESFER%RD)

118 [ A /((AF**Z-?Rottz)ttZOQtAZ##Z*FRQ*#EtlF**Z)

119. RE TURN

120. END

FIN 836 IBANK S51€ DBANK
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ORIGINAL PAGE IS
OF POOR QUALITY

UyS___XXeHFREQ, XX

1IOR1A 12/14/83-18:39L47,)

1. O bl s b bt e e sy st B e ke e b Ao b b e Bk B bbbl e B el e L 2 LA 2 2
e SUBROUTINE HFREQ(RJASSPL,CENTF L AREAAREAO,MD,Z2MpDATA
3e *, MASSUR,RUARV , ZNDATA,JOTYP, IGEMOV,ISV,
4, #Cy NV, NVI, THEBAND,NTOB ¢NS yNOO JNMS ¢MNSS,BW yNFS,ANSS,
Se XEX o MBAND y WMHyNSDAT  NSTOR +ISFEAQOL,IPF NFV,NSEAC,NPFC,NPROBN ,M0OP,
€, *L2,L8,L13,L14)
7. L L L L L Ly L e S L
Be Crebkpsrnxxx STATISTICAL ENERGY ANALYSIS s#rdddxutgigdodikiiks
9 COMMON/AREAS/RO,CO,VOLPREF ,PI
10. REAL RJA(NS,NTOB),SPL(NMS,NTOB) CENTF(NTOE) AREA{NS)
11. E9 ZMDATA(NMS,NTOB),RUARVINS ,NTOB) ,ZNDATAINTOR,NS)
12. EyEXENPFC NMS)
_ 13, DIMENSION MD(NMS,NTOB),IOTYP(NQO) ,AREAQ(NOO) ,ISEAQ(NMS) ,IPF(NMS),
14. EMASSURIMNSS NMS) ,IGEMOVI2,NS) o ISVINS) MOP(4)
15. 2 ANSS(NTOBoNV) yWMHINSEAC NTOB) NSDATI(NMS) ,NSTOR(NMS)
1€, DOUBLE PRECISICN CUINVNV1),LET
17, CHARACTER=10 CHR
18, LAST=MBAND
19, LASTI=MBAND =2
20. Caxxkhnkxnxxn LOAD ACQUSTIC LOSS FACTOR FOR EACH SURFACE %xadxxixggxk
21, JRS2ENFV+NPRORBRN
22, READ(LZ*IRIZNDATA
23. Cxuss  LOAD STRUCTURAL LOSS FACTOR FOR EACH SURFACE
4. DO 20 IS=Z1,NMS
25. IRZ22NFS+NgTOR(IS)
2€. READ(LBIR)(ZMDATALIS,J),Jz1,NTOR)
27, 20 CONTINUE »
28, Cxespptxdn | OAD REFERENCE SPL s g o s dradeodr e o ook i o e ok o
29, D0 33 IS=]1.NMS
30, IRz 3IXNFS+ NSTOR(IS)
1. READ(LB*IRI(SPLIIS,J)J=1,NTOR)
32, Do I3 J=!,NTOB
_ 33. SPLeIS, JI=PREF 522210 x% (SPL(IS,J)/10s)
34, 30 CONTINUE
~ 35. Cxessneknx ZERO JOINT ACCEPTANCE ARRAYS #xibfpdggnifssdrsnickdy
3¢, DO 53 I=1,NS
o 37. 00 S0 J=1,NTOR
38, ~ RJALILJ)=C.D
39, RJARVII,LJ)=0,D
40, S0 CONTINUE
yle C#we& CALL SEA CALCULATIONS
42 CALL MDEN
43, CALL CJA
44, CALL HFCAL
45, 1111 RETURN .
'Y " o s eI I I It
47. ‘ SUBROUTINE CJA
48, DO 2300 IS=1,NMS
) 49, IF(ISEAO(IS).ECLO0)GOTO 2000
50. IF(NSDAT(IS) NED) GOTO 2GCC
51, 1RINSTOR(IS)
52 READ(L1I3IR) WMp
53, DO 31500 K=1,2
54, DO 1300 NOB=MBAND=Z ,IHBAND
58 NOB1=NOB

?
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‘
5€e CALL RJAEST(RAD,IS,NOB,NOB1,K) o
57. IF(KeEQel)RJALIS,NOB)IZRAD ¢
58 I (KeEQe2)RJARVIIS,NOB)=RAD ‘
59, IF(KeEQeleANDeIPF(IS)eEQel )RJARVIIS ,NOBIZRAD J:
60, 1000 CONTINUE 3
61, IFCIPF(IS).EQ,1) GOTO 200C L
: 63 2000 CONTINUE o
3 B LY Cssss STORE CALCULATED DATA ON TAPE P
. 65 DO 2050 ISS1yNMS
E6 o » IFCISEAO(IS)EC.CIGOTO 2050
67, IF(NSDAT(IS).NELO)GOTO 2350 ,
S 68, IRSNSTOR(IS) ‘
n 69 WRITE(LIU IRI(RJIACIS,dJ) yJ=1,NTOB)
o 70. IRSNFSeNSTORIIS) !
: 71. WRITE(LIG IRI(RJARVIIS,J},JZ1,NTOB) o
A 72 2050 CONTINUE . i
o b 73. Cxses  LOAD PREVIOUSLY CALCULATED RJA,RJARV :
o T4 _ DO _231C0 IS=1,NMS :
75. IF(ISEAC(IS).EC.0)GOTO 21GO )
76 IF(NSDATUIS)EQ.0)GOTO 21G0 ;
T7. IR=NSDAT(IS) ;
78 READI(LIG*IRI(RJA(CIS,J)yJS1,NTOB) D
79. IRSNFS*NSDAT(IS) L
8Ce READ(LIOIR)(RJARV (IS J)9yJS1,NTOB) )
8l. 2100 CONTINUE ]
82e¢  C¥%%¢ ASSIGN JOINT ACCEPTANCE TO EACH SUBSURFACE IN DIRECT PROPORTION -
¥ 83s  Cxsex TO SURFACE AREA RATIO cod
% .88 DO 4200 IS=z1,NMS L
- 85, IF(ISEAO(IS).EQ.0)1GOTO &00O i
_ 8¢ DO 3003 I=1,MNSS bl
87. ISURZMASSURI(I,LIS) .
88, IFLISURCEQ,IS) GOTO 4000 :
- 89, DO 2500 NCBSMBAND,IHBAND P
. 90, RJARVI(ISURsNOB )ZAREA(ISUR)/AREA(IS)*RJARV (IS ,NOB) P
; 91 2500 RUACISUR,NCB)=AREA(ISURI/AREA(IS)I*RJA(IS,NOE) F :
: 92 3000 CONTINyE P
: 93, 4000 CONTINUE L
3 94 1111 RETURN ol
: 8. C####*#t#!&*####*****##**##*#*#*#t#t######***#*##t##*####*#t*t#tt#tg‘w*ax '
9€ o Crasygxssn HIGH FREQUENCY CALCULATIONS Sxssgghdspddny
ST (243 L 2 e Yty Y T ™
98 SUBROUTINE HFCAL ‘
99, ; DO SOCO NOB=MBAND,IHBAND , )
100. . _MDL=O :
101, DO 25 IS=1,NMS s
102. 25 IF(MD(IS,NOE)eGT.OIMDL=MDIIS,NOB) :
103, IF(MDL.EQ.O)GOTO 5G0Q
104 . DO 50 I=1,NV !
105, D0 50 J=1,NV1 ;
106, S0 €(I,J)=0.D0 ,
1 197. Corvgpdhkgdakdx FILL THE C MATRIX #dmsdddadd ik
% 108, 00 1390 NVOL=1,NV
. 109, WRITE(E,*)INV
2 ._.110. CHR="COT*
= [ 111, WRITE(6,%)CHR
2 112, Cxs%x CALCUALTE THE PoWER TRANSFERRED OUT OF THE VOLUME THROUGH
;g ;

s s ek g “ D T
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113, Cxonk THE STRUCTURAL WALLS AQJACENT 10O THE VOLUME, R
114, IF(MOP({3),EC.1)G0TO 100 -
115, DO 100 ISZT1,NMS R S
11¢, IF(ISEAO(IS).EC.0)G0TO 100 R,
117. 00 90 I=1,MNSS ©Y
11€, ISURZMASSURI(I,IS) = |
115, IF(ISUR.EC.C) 6O TO 190 Py
& 120, IF(ISV(ISUR).NENVOL) GO TO 90 e
H 121, CANVOL,NVOL)= CINVOL,NVOL) ¢ OFLOAT(COT(IS,ISUR,NOB)) ¢!
122, 90 CONTINUE i
: 122, 100 _CONTINUE S
: 124,  C#%%% CALCULATE THE POWER TRANSFERRED OUT OF THg SUEBVOLUME THRQUGH L
: 125, _ Cx¥ex THE QPENINGS o)
;. 1264 DO 200 ISUR=1,NOO SR
s 127, IFCIGEMOVI1,1SUR)EQaNVOL.ORe IGEMOV (2,1 unxlgqiwyoL CINVOL.NVOLDE '
- 128, %C{NVOL,NVCOL) +OFLOAT(CVT(ISUR,NOB)) .
;' 129, 200 CONTINUE , el
) 130, C=3%x CALCULATE THE POWER ABSORBED BY THE WaALLS Of THE SUBVOLUME Py
= 131, CHRz"CBS® BREE
AR 132. WRITE (&,%)CHR o
: 133, 90 300 ISUR=1,NS [ I
2 134, IF(ISEAO(TISUR) 4ECC1GOTo 300 L
- 135, IF(ISVIISUR) «NEWLNVOL) GO TO 300 o
3 13¢, CUNVOL,MVOL )= CUINVOL,NVOL) + DFLOATICBS(ISUR,NOB) Ty
A 137, 300 CONTINUE T
3 138, Cuxxk CALCULATE THE POWER TRANSFERRED INTO THr SUBVOLUME FROM QTHER o
. 135,  Co®2s SUBVOLUMES ]
z 14T, 00 €30 IyOL=1,NV ST
i 141, DO 400 ISUR=1,N00 g
‘ TFUIGEMOV(141SUR)4EGeNVOL.AND.IGEMOVI2,ISUR)EQ.IVOL)GO TO 250 o
IF (IGEMOVIZ,ISUR)+EQeNVOL ¢ ANDeIGEMOV(1,ISUR}4EQeIVOL)IGO TO 25C t}% :
GO 10 409D R
350 CINVOL,I1VOL}= CINVOL,IVOL)=DFLOAT(CVT(ISUR,NOR)) Py
4GC  CONTINUE A ;
S00 _ CONTINUE St
1000 CONTINUE bl
Cxx®% CALCULATE THE POWER TRANSFERRED INTO THS SUBVOLUME THROUGH THE
Cxsss STRUCTURAL WALLS ADJACENT TO THAT SUBVOLUME e
DO 1100 Iz1,NV A
1100 C(I,NV1IZ(.D EE
CHRZ*WIN® . ‘
WRITE(64*)CHR ™
DO 27200 NVOL=1,NV i
DO 15C0 IS=1,NMS !
IFCISEAO(IS).EC,D)GOTO 15C0 , o
DO 1400 I=1,MNSS e
ISURZMASSURII,LIS) i
IFCISURLEC.C) GO TG 1500
IF(ISVIISUR) JNELNVOL) GC TO 1500 ™
CUNVOL,NVI)I= C(NVOL NVI1)+DFLOAT(SPLIIS,NOE))* DFLOAT(WINIIS,ISUR, »
ENOB ) /DFLOAT(2 #*BWHCENTF(NOB)) -
1400 CONTINYE .
1500 CONTINUE i
20CO CONTINUE il
Cxs%s SOLVE EQUATIONS AND STORE RESULTS 1N APPROPRIATE ARpRAYS
WRITE(G,=)CoeNOB 57
nzd 3
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170. IF(NVGT 1)CALL DPINVI(C NVaM,NY,.0FT)
171. IFINVLEQelICIINVIIZCILINVII/CUlL,1)
!]2, HRITE‘6.*)1000@3@L0610(C(1.NVI’/DFLO‘T‘PREF)#*Z)
173, JO 2100 I=1l,NV
174, C(I,NV1)=10.00%0,0G10(C(I,NVL)/DFLOAT (PREF)un2) )
17%. 2100 ANSS‘NOB.I): REALIC(I NV]))
17¢€. WRITE(GEy*)CLLI NV])
177. 5000 CONTINUE
178, RE TURN
179. CRRSREEE XXX R LR E R R XX AR PR x g R R X e xRk xR Gk x kxR
180, FUNCTION WIN(IS,ISURsNOB}
181, C*
lsg. c* CALCULATE POWER FLOW INTO SUBVOLUME THROUGH THE STRUCTURAL WALLS
183, C*%
_184. RN=C.0
185, DO 13 J=1,<
N IQQ, G =2.0%CENTF(NOR=J)
187, ASCENTF U NQE=J ) %4y % (144, CxZMDATA(IS ,NOB=J)%%2)
1,8__8__‘0 PHIZ0«S%{Y4ChA=ns%2)%xJ,5
189, WRZCENTF(NCEB=J)
190 AL==G/2.0
191. CALL VINTE(VIN NOB,AL PHI,B,WR)
;223 10 RN=RN+2+%VINZRJA{ISURNOB=J)*RJARV(ISUR NOB=J)2MO(IS,NOB=~J)
193. WINS(RO®AREA/ISUR)®*%4/4,3/P1I/C0O)%
_ 1930 £ (RN+MDIIS,NUB)*RJA(LISURNOB)2RJARV (ISUR_NOB)I®PISCENTF(NOB)/
195 €& (2.%2MDATA(IS,NOB)))
19€ . RNZRN®(RO*AREA(ISUR)®%4/4,/P1/7C0)
197. WRITE(S6,%)ISyISURYNOB,MDEtIS yNOB) RN yWIN
198, ___RETURN
199, Camdrrr i x ok kr gkl sk oo sk e e e e o ek e e e op ko sk s ok ook oy kak ko gk ke xk
A}gG. FUNCTION COT{IS,ISUR,NOB)
201l C=x
gg?. Cx CALCUALTE THE POWER FLOW OUT OF THE SURVOLUMES THROUGH THE WALLS
203 Cx%
MMMEQQQ COT=PI%AREA(ISUR)=%2%MD ¢IS ,NOB)IXRJARVIISUR,NOB)
k 235 . WRITE(E6,%)IS,ISURJNOBMDIIS NOB),COT
23€ o RE TURN
207« (-2 21333 2222322222322 2222222222232 2223 222222222 i sss]
208 FUNCTION CBS(ISUR,NOB)
209 CBSZ AREA(ISUR)I%*ZNDATA(NCB ,ISUR)/44/RO/CO
210. WRITE (6,%)ISUR,NOB,CBS
211. RETURN
212¢  CHEMEBRBRARREEAFEERALEIAEERARRER A ERRRIRERIXAR DG pp AR HXRRBER KR RRG D b
213, FUNCTION CVT(ISUR,NOB)
- 214, DS (4 .0%AREAQ(ISURI/PII%%0,4,5
215 . WYNZCENTFENOB)/CO
21€ . CVT= AREAO(ISUR)/4./R0/CO=CONDI(DWVN,ISUR)}
217. RETURN
ClE e C e dxake ok s o e s e xix e 2y 2 2 e o o 2 e 2k 2x 3o 2 o o k2 ok o X oge e e Ak ok ek X g o oy ok X Ak Xk Kok e Ak ok akap gk ok
21%9. FUNCTION CCND(DyWVNLISUR) -
220 CM= D*WVN
c21. IF(IOTYPIISUR) ECel) GO TO 10
222, IF(CMeLEel,44) THAZ (DaWVN)*%2/8,.0
223 IF‘C"OGT.IOQQOAND.CM.LT.3.557’THA:OQSStC"-GCZ“S
22k . IF(CMJGE +34557) THA=1.0
225 IFICMelLEol1e626) XXZCM%4o/3./P12
22¢& e IJF(CMeGTelab26eANDaCMelEaZoli3I3) XX=Deb9
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o2V IF(CMeGT el 0443 ANDeCM el T2 Sei6UY) XXZ=104625=0,2204CH =

228, IF(CM.GEeEalipltl) XX=U4e/PI/CM
- 229, CONC= THA/(THA®®2,+XX%%2,)
23C. RETURN
. 231, 1C IF(CMoLEC,8367) THAS CMa%2,/1640
f, 2’32. IF(CM.GT.D083670AND.CM.LE.5.3165) THAS 001852* CM=C,.1112
?, 233, IF(CMeGTa5031654ANCoCMalTo2Ce0) THAZ 0.005%CM+0,9
3 234, IF(CMeGEL2Cc) THAZ1.0
3 235 IF(CMoLEe20121) XXZCM%84/9./P1
E 236, IF(CMeGTo2e121 sANDeCMoLEo4o2) XX=046 |
§ 237, IF(CMoGT ol o2 e AND,CMeL Toc e 6C2) XX= 0e9746=0,08922CM
k - 238, IF(CMJ.GE o€ 4€02) XXZ8,0/PI/CM
. 235 COND= THA/(THA%%2, +XX%%2,)
8 240, RETURN
i: _______21'01:,, C:#tt#tt###*t*#############t##*#*#t#t#t######*ttt###t*;,.&tttt###tttt#t*ﬁ
. - 242 SUBROUTINE VINTE(VIN,NOB,ALFHAl,PHI1,G,WR)
> 243, COMPLEX X,Y
g 244, WIZCENTFINCB)%(1=BW)
. 245, WZ=CENTFINCB)%(1+BU)
) ue, XSCMPLX(ALPHAL ,PHI)
24T, YSCSQRTIX)
: ~ 2ue. ALPHAL1=REA, (Y)
3 249, PHIIZAIMAG(Y) -
) 25C. AAZZ(G=WRe%y/ (ALPHAI®%2+PHI1%%2))/(48ALPHAL)
;@ 251, 3B82==WR*34/2/ L ALPHA 1 %30 ¢PH]I1%%2)
3 252. CCz==AAZ
i . 253 DDZ=882
3 254, TERMIZ(AAZ/Z)*ALOG(W23%242%ALPHAL «WZ2+ALPHA 1% 2+4PHI1%%2})+((BBZ~
255 SALPHALISAAZ) /PHII)I*ATANCUWZ*ALPHAL)/PHIL)=((AA2/2)aALOGIN]IRR242%
| 25¢. SALPHA 1#W 1+ ALPHA 1 #%2+PHI 1 %22 )¢ ((BBZ~ALPHAL#AAZ)/PHILIXATANG (Y14
3 257, *ALPHA L) /PHI1)) _
E 258, TERM2:z(CC2/2)*ALOG (W2 4%2=2%ALPHAL %W 2+ ALPHA %% C+PHI1%%2)+((CC2Z%
- 259, #ALPHA 14DDZ)/PHIT)SATAN( (N2 =ALPHAL)/PHIL)=((CCZ/2)%ALOG(WLt®2=2%
; 250, SALPHA 1%W1+ AL PHAL#%2+PHI1#%2)e( (CCZ*ALPHAL1+DDZ)/PHIL)=ATAN( (ML=
: 2614 *ALPHA 1) /PHI))
; 262, VINSTERMI+TERM 2+ (W2=W1)
f 263 VINSVIN®2,
5 264, RETURN
: 265, Cla ok ook dofok sk Ry g okl o ke o e ok s ok R e xRk ARy R R R
2 28¢€ SUBROUTINE MDEN '
E 267, C* ,
3 268, C*  CALCULATE THE MCDAL DENSITY OF THE SEA SURFACE
~ 269, DO 1000 IS=1,NMS
3E< 270G, IF(ISEAO(IS)LEC.1)GOTO 10CO
< . 211 IF(NSDATIISI NECGIGOTO 100C
3 272, IR=ZNSTOR(IS)
\ 273 READ(LIZ*IR)IWMH
- 274, GOTC(10,20,30),ISEAQ(IS)
275, Cx#%% SEA SURFACE TYPE #1e. EQUIVALENT ORTHOTROPIC PANEL
27¢. C%  SUMS ALL MODES WITHIN EACH BAND AND CALCULATES AND AVERAGE
217, Cx M AND N INDEx FOR THE BAND
276, 10 CONTINUE
279 LAST1=MBAND =2
¥ 28C. FACS(WMH(1,1)*WMHI1,2))%*%0.E
3y 281, XLZWMH(1,7)
& 282, YLZWMH(1,8)
] 283, FACXZ (WMHU1,1)/FAC)*%0e5
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284 4 FACYS(WMH( 1,2)/FAC)*%0,e5

285, FACXYSUWMH (1,1 )% WMH (1 ,4)+WMH(T1,2)% WMH(1,5)eWMHIL,3))/2.0
28€ IF(WMH(141),EQ WMHI(1,2)) FACXY=SFAC

287. FACISU(FAC/WMH(1,€) ) %%0,5%P ] #»%2

288 . D0 19 NOB=LASTY1,IHBAND

<89, WL=CENTF(NOB)/FAC1%(1-BW)

29C. WHSCENTF(NQCB)/FACY1%(]1+8U)

291. NCz=C

292 MTZp

293, NT=Z0

294 o C* THIS LOOP IS NOT INTENDED TO BE COMPLETEpDe THE LOQP IS CUT SHORY
29% ., Cx WHEN ALL MODES IN THE BAND HAVE BEEN CALCULATED.

2%¢ » DO 17 M=1,5000

297 Op 16 N=1,5000

298 VALS(FACXS(M/XLIXB2+FACYS(N/YL )®##2) 88242, 8 ( M/ XL IRe2u(N/YL)®%2
29G e £ ={FACXY/FAC=1)
300C. VAL=SQRT{(VAL)

301. IF(VALLLT.WLIGOTO 1k
202, IFUVALGT.WH)GCTO 11
3193, NCINC+1

34, MT=MT+M

308.  NT=NT+N
__30€e 15 CONTINUE

307. 16 CONTINUE

308, 11 CONTINUE

309. IF(N.GT41)GOTO 17
... 210, GOTO 18

311 17 CONTINUE

312, _C¥x%  CALCULATE THE AVERAGE M AND N FOR THE paANp
313, 18 CONTINUP

314, WMH{2,NOB)ZANINT(MT*]4/NC)

315. WMHI3I  NOBISANINTINT®] ,/NC)

L 31€. IF((=1a) pu(WMH {2 ,NOB)+WMH (3 NOB)) (LT O, )WMH(2,NOB)SWMH(2,NOB)+1
317, Cx THE ABQVE STAEMENTY PREVENTS THE M N INDEXES FROM HAVING
Jlge C* VALUES THAT RESULT IN ZERO JOINy ACCEPTANCE,

319, MD(IS,NOB)ZNC
32GC. 19 CONTINUE
321. IRZNSTORIIS)
322, NRITE(LI3Z*IR)IWMH
223, GOTO 1Q00
324, Cxuax® SEA SURFACE TYPE #2. CYLINDERICAL SHELL
325 . 2C CONTINUE
326 WRIWMHI1,€) /WMH(1,1)
227. FACZ2 %30k ExWMH{1,:2) /WMH(],3)
128, DO 29 NOB=MBAND=2,IHBAND
329, DW=2.,#*BW*CENTF I(NOB) /4R
330. WHZCENTFINOB)/WR
3310 IF!HH.LTOO.&S’HD‘IS'NOB':FAC*DQ173*UH**905*DU‘.5
232 IF(NH.Gr.ﬂ.&S.AND.UH.LTOIOIS) MDIIS NOB)ISFAC#0.85%DW+,5S
333. IF(WHeGTelaelSIMDIIS NOB)SFACRD425%DW+ 45
334, 29 CONTINUE
335. GOTO 1GCO
336, Cauwt% SEA SURFACE TYPE #3. DATA
337. 30 CONTINUE
338, DO 39 NOB:< MEAND-z.NTOB
336, 39'HD(IS.NOB)-HMH(3.NOB)¢C£NTFtNOB)*BH*Z.U
34C, GOTO 1000
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341, Cxuss _
392, T 1000 CONTINUE
383, 00 _10850 IS=1,NMS

344, IF(NSDAT(IS)«NESJ)GOTO 10SC

345, R=2%NF S+NSTOR(IS)

24¢€, WRITE(LIU'IRI(MD(IS,1),IZ1,NTOB)

e 24T 1050 CONTINUE

N 348, DO 1075 ISS1,NMS
P 349, IF(NSDATIIS)eEC,1)GOTO 1075

350, IRZZ4NF S*NSTOR(IS)

..351. READ(LIY*IRI(MC(IS,I1),X=1,NTOR)

3 352, 1075 CONTINUE
T L3583, 1111 RETURN
- 354, € e e ol o afc o e o i o 3 o o e o e xe Xk e ok o o x ko ok ok Ak o o e o adp e ax e ok ok e o ok o o ok ok ok xc ade e e e ok e ok ok s o ok o o ok
g 'w_.__'_3'_5_5“. gfﬁltttt##v##*###v###**#*#######t#*t#tt#**#t#t#t#####tt*t*#t##t#*t#t*#
a 35¢, SUBROUTINE RJAEST(RAD,IS,NOByNOB1,K)
- 357, _C»
g 358, C» CALCUALTE THE JOINT ACCEPTANCE BY EMPHIRICAL CR SEMI-EMPHIRICAL
356, C* EQUATIONS
3 360, C= RAD=SOLUTION
.361. Cx  ISSSURFACE NUMBER
3 362, C* NOB=BAND OF IMTEREST
3 263, C*  NOBI-CONTRIBUTORY BAND
; 364 C= KZEXTERNAL (K=1) OR REVEREERANT (K=2) PRESSURE FIELD
3 368, C* )
3 366, Cees% BRANCH TO SECTION FOR PRESSURE FIELD TYPE
S 367, IF(K4EQe2) GOTO 100
. 368, GoTo (193,2200,2090),IPF(IS)
U1 U Ot b bt b chnatichech s diohdahsliohsshnshashoiashiunsirshubis s ool T b L dickiolis bbb sscna
; 370, C#=x3»% PRESSURE FIELD TYPE #1., REVERBERANT FIELD
: 371, 100 CONTINUE
3 372, GOTO(11C,120,130),1SEA0(IS)
f 373,  Cheususen SEA SURFACE TYPE #1., ECUIVALENT RETANGULAR PANEL
: 374, 11C CONTINUE
; 375. BX=WMp(1,7)=CENTFINOB)/PI/CO
; 376 3Y=WMH(1,8)%CENTFINOB)/PI/Co
; 377, MENINT(WMH(2,NGB1))
: 378, MP=M
: 379, NSNINT(WMH(Z,NOB1})
& 280, NP=N
1 281, CALL RVBJA(VJP 4BX,M4MP,PT)
g - 382, CALL RVBJA(VJQ BY NyNP,PI)
< 333, RADSVUPAVJQ®L G/ WMH(1,6)/AREA(IS)
] 384, WRITE(€E,%)IS,NOByM,N,RAD
e 385, GOTO 1111
- 386, Chapuuess® SEA SURFACE TYPE #2. CYLINDERICAL SHELL
P 387, 120 CONTINUE
- 288, BXZ2e/3e%( 4 XPIWMHIL1 1)/ (4ooPINKNMH(1,1)424%WMHI1,2)))

IF (CENTF(NOB)/WMH(1,5)46T.1,0160T0 121

"RADZBX®(PI/(2.C0%RO*COx(CENTF(NOB)/CO)*%2%AREA(IS)I*%2))
£ *ROXCOXAREA(TS)H(CENTFINOB)I/YyMHI1,°5

Pus0eS/(WMH(1,4)/4,)

WRITE(E,2)IS9yNOBIRAD
GOTO 1111

121 RAD= BX*(PI/24+7 (CENTFINOBI/WMHI1,6) )%#*2/AREA(IS)II/(WMH(1,4)74,0)

WRITECG,#)IS,NOByRAD

GOTC 1111
Cxuasssex SEA SURFACE TYPE #3. DATA

{3l

et

ke #-
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ORIGINAL PAGE (§ .
OF POOR QUALITY, o
‘ I
Y i
g Attt -
398, 130 _CONTINUE :
3199, RAD=ZWMH(2,NOB) &
, ...400. . GOTO 1111 .
B s 401, C#ttt##tw&##t#####t##‘###tt#t#t#t*t##t##**#tt#tt####t#t#ttttt#tt# , 'i
- __40%.  Cs®e» PRESSURE FIELD YYPE y2. AERODYNAMIC TURBULENCE :
. 423, 200 CONYINYE .
: 404 4 G0T0(210,220,230),ISEAO(IS) oo
o 445, Cosssxns SEA SURFACE TYPE #1s EQUIVALENT RETANGULAR PANEL .
k k0. 210 CONTINUE
Sy 407, AXZEX(1,1I9)
. 408, AYZEX(3,15) :
: ' 439, BXZWMHI1,7)%CENTF(NOB)}/PI/CO A
2 .. 410, BY-WMH(1,8)%CENTFI(NOB)/PI/CO T
i 411, M=NINT(WMH (2,N0B1)) :
o 12 MPZM i
= 413, NSNINT(WMH (Z,NCB1)) :
A L2 L XY NP=N , i ¥
~ C 4lse CALL ATJUA(VUP,AX,BX,MeuP,pI) i
41€. CALL ATJA(VJQ,AY,8Y N,NP,PI) K
: 417. RADSVUP®RVUC®Y ,g/WMHIL,6)/AREA(IS)
‘ 418, GOTQ 1111 ;
: 419, Cxassxxt SEA SURFACE TYPE #2, CYLINDERICAL SHELL A O
420, 220 CONTINUE ;
421 GOTO 120
422, Casessse SEA SURFACE TYPE #3, DATA
2 423, 23C CONTINUE
4 424, RADTWMH( 1,NOB)
. 425, GOTO 1111 :
? i “_&252_ C#¢g__g3_?__¢_ft*#*#**###**t##t*#t**#**#tt*ﬁ######*#*###*##vt*t***tt###t ‘
: 427, C*ss% PRESSURE FIELD TYPE #3, RANDOM PROGRESSIVE WAVE 3
. 428 300 CONTINyYE } ;
- 429. GOTO(215,220,330),ISEAO(IS) .
S0 L D c* SEA SURFACE TYPg #1. EQUIVALENT RETANGULAR PANEL P
3 431, 310 CONTINUE ;i
432, BXSWMH(1,7)%CENTF(NOB)/PI/CO o
433, 3Y-WMH(1,8)%CENTFI(NOB}/PI/CO b
436, M=NINTI(WMH{2,N0B1)}) o R,
435, MPZM : ;
436, NSNINJ(WMH(3,N0B1)) Fey
437, . NPZ=N ' |
438 CALL PWJA(VJP,BX M,MP,PT)
439, CALL PWJAIVUIQ,BY\N,NP,PT)
44Ce. RADZVJP®VJUCH4,0/WMH(1,6)/AREALIS)
TR GOTC 1111
442, Coyxaxxs SEASURFACE TYPE #2., CYLINDERICAL SHELL
443, 320 CONTINUE
444, GOTO 120 j
44S. Coxgxxx SEA SURFACE TYPE #3, DATA S
446, 330 CONTINUE Lo
“47. RADZWMH(1,NOB) ;
448, GOTO 2111
445, 1111 RETURN
450 CHdasngd )
451¢ Cotmpg sk kddgrgx kil g kgig RidR Rk koo Xk Rk =
452, € 2303 o o s o e o o o o o o o e oo ol g ok o ok o ok oo e o e ok kol o e ok ot e e oo ol e o ok e o B o ok ok o e e o ol o ok ok
453, SUBROUTINE PWJA(VIP ,ByJyK,PI)
454« c*

PUN I ————— s e e .
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- ORIGINAL PACE 18 o
: OF POOR QUALITY o
; &
: , 4SS, C ANALYTIC CALCULATION OF SIN*SIN MODE SHAPE AND PROGRESSIVE
i 45€. C*  WAVE ACOUSTIC FIELD JOINT ACCEPTANCE ..
j 457, _VJPz2.0 o K
":‘ 458, IF‘('I’**‘J’K’.LT.\.) GOTO 1111 t li
‘* _459. VUPZ2 o % J¥K /PI#32/ (Jnn2aBau2 )/ (KABZ=BR%2 )% (1 =( =1 )4uJxCOS(PI*B)) y!
| 460, 1111 RETURN =
? 46 1le C#*tt‘tt**t*#t*######*#***##**###w"###a*##at#ﬂ**t#**#*;_g_(*####*t#*t####r i ’;
3 462 SUBROUTINE ATUA(VJP AL yRyJyK,yP1) ‘ »
: 463,  C* SPECIAL ROUTINE FOR THE ANALYTIC CALCULATION OF PROGRESSIVE o
: 464¢ C* WAVE FIELD JOINT ACCEPTANCE WITH SIN#SIN MODE SHAPE G
_3@5 * c* i
466, BIT(24/(JuR2+K%42) )220 e5%B L
k67, 3uzB/y .
4EE, DJS(LAL®#24 1) ¥EJRB 241 ) a%2=4 #B Je%2 i
469 IF(JL,EQeK) GO TO 10 . :
4708, BK=B/K :
471, DKz ((ALRF24 1) 2BKH%241 ) 652 4 6BK %D o t
3 472, AIKSUURB29Ken2 )52/ (2, 4P %220 %23 oK 5230 DIDK) = ((AL=%2=1) B 14241 ’
* 473, Ran2eyn( A *B1Xn2) %2 = (FLOAT( (K232 =dys2) ) /(KEX2 4 %%2) J%e22) !
4Ty, BJK=2. #(J*v2+K**2)#*2/(PI#*Z*J¢t3¢K##Z*DJ*UK)#AL¢B1*¢2v((AL#*Z-I)~ i
_47%, weB 124 9) :
47¢. VUPZAUK®(1=(=1 )23 REXP (=P I#AL#B)2COS(PI%B) ) +BUKF(( =1) #xJHEXP(=PI% " :
| 477, *AL%B)BSIN(PIB)) b
3 478, GOTO 1111 T
% 479 T 10 AJUS24/T(JRPT)I #2220 202) 5 ( ( (AL¥%2=1 ) %BURS2+41 )k e2=Ux(AL¥BJ*%2)%%2) i
§§ 48GC. EJTBe/{JnPINIRZ/DI%B2% AL RIS 22 ( (AL X22=1)BURR2+]) el
' 481, CUT1e/tU%PI ) /OJRALSBUR(1ALSS2+]1)%BJ8x241) B
, 4824 VIP=AU® (1=(=1) *#J%EXP (=PI%AL#B)%COS (PI#B) )+ EJH( ~1) 8 =JREXP(=PI®AL®RE = ]
. 483e_ . 1)aSIN(PI®B)+CJ , cdi
48k, 1111 RETURN g
tgS. SUBROUTINE RVBUAIVUP,BydyKyFI) ST
48¢ , (o Fy '
487,  C= A
488, C* SPECIAL ROUTINE FOR ANALYTIC CALCULATION OfF REVERBEPANT :
489+ C# FIELD JOINT ACCEPTANCE WITH SIN#SIN MODE SHAPE LR
49C. C= g
491. C* ) |
492. DOUELE PRECISION E, FyGyH,0PT ! i
493, DP1=341415926500 ey
494, VJPz0.0 re
495 o IF((=1)%%(J+K) L To0)GOTO 1111 B
49€ . ESOPI*DBLE((B+J)) Cood
497, FSDPI*DBLE ((B=J)) , AR
498, G=OPI*DBLE((B+K)) ’ - !
. 495, HEOPI#0BLE ((B~K)) se i
¥ 500. IF(JeEQeK) GO TO 200 Sl
- 501e T1-140/(PIX#2%ER(KS%2=J8%2) ) SR
L 502 VUPST (K2 (CINCE)=CIN(FII=J*(CINIG)~CIN(H)I)) ;
E 503, 5070 1111 S
g 504. 260 CONTINUgp !
_ 535, T1AZ(1e/(24%J%PInaC2R)) :
£3€ . T1B=(CIN(E)=CIN(F))
507, T1=T1A%T18
s3e., T2=(1e/24/PI/BI*(SIIEN+SI(F))
509, T3z (1e/PI#%2/(J3¥2=B2%2) ) %(1,=01)ex sCOS(PI*B))
S1C. VJPST1eT2+713
£1l. 1111 RETURN




ORIGINAL PAGE S

OF POOR QUALITY ?
- T ' i
5 €12, FUNCTION SI(X) .
b 513, OOUBLE PRECISION XoasAleFCyPR o
ié : _b.___S}Q‘. . IE‘AREAL(X)QGT.}!].’GOTO 25 : i
VR 515, A=3.300 -4
G . __Sle. FCz1.00 L
. 517, DO 13 N=0,40 ;
i 518. PRSDFLOAT(ZAN+1) |
[ Elg. FCSFCHOFLOAT((ZoN) % (2%N+1)) /
» 5206 . IFIFCEC.0.0D0)FC=1.0n0 ’
oy 521, AISDFLOAT( (=1 ) #sN)&X*2PR/PR/FC :
522 AZA+AL |
523, IF(ABS(A1).LE.1.00=5 ) GO TO 20 q
524, 10 CONTINUE |
§25. 20 CONTINUE ;
_52€e ____ __ SISREALILA) ;
€27, RE TURN ;
Ol . .528, 25 SI=P1/2.0 §
L 529, RE TURN ;
N 530, FUNCTION CIN(X) ;
531, - DOUBLE PRECISION X, A4AL1,FC,PR .
532e IF(REAL(X) GTo30,)GOTO0_25 ;
533, AZ0,.000 §
534, FC=1-00 '
535, B0 15 N=1,4C
536, PR=DFLQAT(2%N)
537, FOSFC% DFLOAT((28y=1)%(2%N))
£38., AIZDFLOAT((=1)%l=1)%*aN)2X24PR/PR/FC ,
539, AZA+A] :
540, IF (ABS(A1) oL Ee1.00=5) GOTO 20 E
541, 1C CONTINUE !
542 20 CONTINUE '
543, CINSREAL(A) :
_54b. RETURN ‘:
545, 25 CINSJ.5772157+ALOGIREAL (X)) :
- ___S4&. RE TURN §
2 547, END i

FTN 3883 IBANK 1548 DOBANK 5 COMMON
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ORIGINAL PAGE 1% -

OF POOR QUALITY, ‘5
- s ‘1‘(
iVeS__ XXeSEAPRM,XX, L
ICR1A 12/14/83-18:39(14,) o
o le SUBROUTINE SEAPRM(RJA,LRJARV ,MD,ZMDATA,CENTF ,SPL, cro
: 2. EMBAND , IHBAND,NTOB ,NMS NTAPE NSTORyZNDATA,IQUT 4NS,ISEAOQ) cv
N ) 3. DIMENSION RJAINS,NTOB),RJUARVINS,NTORB), %
a 4o EMp(NMS,NTOB), ZMDATA(NMS yNTOB) ,CENTF INTORB), Wy
. k . ESPLINMS,NTOB) yNSTOR(NMS ) yZNDATA(NTOB,NS),ISEAO(NMS) Y
t €Eeo FAC=6.283185 -
: . Te WRITE(IOUT,15) o
! e 1s0=0 21
L $e D0 430 I=1,NMS N
1C. IS=NSTOR(I) :
» 11. IF(IS.EQeISOIWRITE (JOUT,22) 1,11 sl
y 12. IF(IS.EQ.IS0IGOTO 40O i
] ) 13, IFCISEAOCINLEQ.Q) GOTQ 40C s
. 14, WRITE(IQUT,1€) I NTAPE,NSTOR(I) ] ~
y 15, WRITE(IOUT,17) o
- 1€. ISO=NSTOR(I) S
o 17. DO 253 JSMBAND,IHBAND . o
] ‘ 18. FQ=CENTF(JI/FAC —
€ - 19, WRITE(IOUT,18)FQ, SPLIT,J3,RUAET,J),RJIARVET, J) R
g 2C. 350 CONTINUE S
5 21, WRITE(IOUT,19) !
3 22, DO 375 NOB=MBANpD,IHBAND NS R
1 23 FO=CENTF(NOB)/FAC ¥
; 24, WRITE(IOUT,20)FQyMDtI,NOB),ZMDATA(I,NOB)sZNDATA(NOB,I) )
; 2%, 375 CONTINUE e
] 26. 400 CONTINUE P
; 27 1S _FORMATU ) /UEXy *SEA /GeXy o nanbsihain’ ) wd
- 28, 16 FORMATU//u44X,"** SURFACE *,I3,°' (SAVED ON TAPE %,13,°', SURFACE *, 9
% - 25, AIZ,*)*) N
E 3C. 17 FORMAT(//15X%, "FREQUENCY (HZ) SPL® 12Xy UA ",y 13X, *JAREV*/ e
3 31, ALSX,y ® it e seofe kol Rk ok ok ApRRkgke ) =
: 32, 18 FORMAT(ITX4E10e5s4XyE10e3,4X9E10e5,4X,E1045) I
3%, 19 FORMAT(//15X, *FREQUENCY (HZ)*,10X,* MD *,10X,*ZuDATA®, b
34, EIOX *ZNDATA® /15X, "ot sxsassaass®, o)X, b
IS5 t,w*:mu*',sx,':*u**u-,gx,ncunn-#') )
, 3t. 20 FORMATII15X4E10e5010XyI5,1CXoE10e5910X,E1045) - |
: - 37. 21 FORMATISX,"DATA FOR SURFACE = *,I3,* SAME AS FOR SURFACE = +,13) <l
: 38, 111 RETURN nE
3 39, END _ o
£ FTN_213 IBANK 283 DBANK o
£ [
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ORIGINAL PA2E 3
OF POOR GUALITY

" 43S _ XXeSEARFS,
1ORIA 12/14/8

XXe

3=18:39¢€5,)

e bop . _SUBROUTINE SFARES(NVOL +NV,PREF,NTOB,MBAND,IHBAND ANSS.CENTF,
i Qe tIouT)
2
§ 4o C=
; 5e c*
' € C* SEARES OUTPUTS THE FINAL RESULTS OF THE ReQUESTED SEA ANALYSIS
Te Cx
8 DIMENSION ANSS(INTOB,NV) CENTFI(NTOB)
9e__ FACT6.283165
‘ 10. 130 RITE(IOyYUT, 1)
' ? N 11, 39 120 NVO| =1,NV
H 12 T0T=0.0
L 13 __WRITE(IOUT,2) NVOL
14, WRITE{(IOUT,3) PREF
H o 15 DO 110 NOB=MBAND,IHBAND
; ‘ 1€ TOT= 10*3CANSS (NOB,NVOL)/200) +T70T
N 17« WRITE(IOUT,S) CENTF(NOB)/FAC,ANSS(NOB,NVOL)
: ; 18, 110 CONTINUE
- . 19 TOT= 20.%AL0G10(T0T)
! 20. WRITE(IOUT,7) TOT
21, 120 CONTINUE
220 C 3ok e ok ok o e ok o o o o ok ok e e o o ook e o 7ot oot e o ek o N XK oy g o e K B Rk kK Gk ek B r kA
23, 1] FORMAT(8(/) 48X, "SPACE=-AVERAGED,BAND-AVERAGED PRESSURE SQUARED*/
24 SRR s e s R R I TR
- 25 2 FORMATI(///7644X s "VOLUME = *,I13/44X, *®xadkxddkxan’)
f 2€ . 3 FORMATIB8OX, *PRESSURE /43X, *CENTER FREQUENCY (HZ)*,10X,*(DgyREFE °*,
i o 2Te AE11e54°) /40X,y " klkmt xR uRXARTRRTRAR® B,
28, AV kR xR aAHERy )
{ 29 ] FORMAT(48X,E11e5921X9E1165)
! 3Ic. 7 FORMATI(/,5CXy *OVERALL *922X9E11e5)
; 1. C x %R
32, 1111 RETURN
33, gND
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ORIGINAL PAGE (8
OF POOR QUALITY

{25 _ XXeAbLOG, XX,
10R1A 12/14/33=18:4C(3,)
1, _____C Rk g ****‘*#*###**#Qﬁg#*#####***** s ok o ok o o X o e o o ol ok sk o o ok i ol ol ol ek o o o o ok o 0 o0 0 XX K
2e SUBROUTINE ALLOC(X,IS2)
— Y . C_*!_‘_!_!‘_’_‘_‘z_*_* b e ol e R o oo o e o ok e e T e oo o o ok e s o R ke o e K S 2 2 R 2 1 2 22 22 3 % 2]
4o IS2= MCORFS(ISZ)-LOCtX)
Se RETURN
€e ENTRY TALLOCI(IX4IS2)
Te. . IS2-MCORFS(ISZ)~=LOCLIX)
8, RE TURN
9 ENTRY IFREE(MARK,IL)
1Cs CALL LCORFS(IL+LOC(MARK))
11, IL=0C
12. RETURN
_~};3 ) ENTRY FREE LARK ,IL)
14,6 CALL LCORFE(IL+LOC(ARK))
15, IL=C
1¢. RETURN
17, END
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ORIGINAL PRGE (S
OF POOR QUALITY

Rl - T S . T TE e R TR T T T
LSl S - ¥ - . <

‘z

.. XXeDALLOC ¢ XXo

)
A
SOR1A 12/1“/83-18:“0(5,)

' e e _SUBROUTINE pALLCC(D,I101Mm)
g 2, ~ DOUBLE PRECISION D
R .. .%e .. _COMMON /STRG23/INUMD,ISVOA(Y4D),ISVDX(4Q)
;b L% ' DATA INUMD/O/
0 e . IAZMCORFS(IDIM%2,3)
Vv €  IDIMZ(IA=LOC(D))/2+1
¢ L _ Te L _IXSIDIM%2+LOC(D)
e IF CINUMDoGE ¢40) STOP °*DALLOC MAX®
. T INUMDSINUMD+1
o 1Ce ISVDACINUMD)ISTA
o , 11. ISVOXCINUMDIZTI X
S 12. RETURN
’ 13 END
14 SUBROUTINE ODFREE(D,IDIM)
15, 30UBLT PRECISION D
. 1€, COMMON/STRC 28/INUMD,ISVDA(4C) ,ISVOX (40)
: 17. IX=IDIM%24L0CHO)
2 184 D0 13 I=1,INUMC
5 19 IF(ISVDOX(I).EQ.IX) THEN
£ 20, » CALL LCORFS(ISVDA(I,
o 21, I0IM=0
. 22 INUMDZINUMD =1
2 .23 IF (I EQeINUMD+I)RETURN
. 24, IF CINUMD oEC 0 )RETURN
. 25 ISVDA(I)=ISVDALINUMD+1)
¢ 26 "ISVDX(IN=ISVOX(INUMD+1)
1 27, RE TURN
28 ENDIF
29. 10 CONTINUE .
30, STCP °*DFREE NO-FIND'
31, END

121 IBANK 48 DBANK 81 COMMON
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1 ORIGINAL PAQT ¢ !‘; .
: OF POOR QUALY xm /3 ?
: {
XX QREVERS 4 XX o A ~
1A 12/147/83-18:4002,) " ‘
e CoHmmmbkkam g ko 3ok sx ok s N s e Aok e oo o ok o ol o ok o e o oo ok oo e o o K o i v
, Ze SUBROUTINE REVERB(WNMC,CN,ZNDATA,ZNDI,VMNPA CENTFoNAM,NTOB, h
) 3. £ LBANDyMBAND NS,R0O,CO,VOLPIoNPROBN sDT NFV,CZANN,L2,I0UT) d
' 4o Cx
i k. _C=x CALCULATE REVERBERATION TIME OF COMPLEX CAVITY WITH .
Eeo Cx NONUNIFORM SURFACE ABSORPTION ?
| Te _Cx : T
: e DIMENSION WNMC (NAM),CN (NS NAM),ZNDATA(NS,NTOB) ZNDI(NS,NTOB) S
9e . EyVMNPA(NAM),CENTF(NAM) '
10, COMPLEX CZANN(NAM),PNT,ZA .
11. PRMS=CENTF (1) %P - |
- 12, Cx* CALCULATE THE COMPLEX ACOUSTIC DAMPING g
; 13.. IR=NFV+NPROBN
= 14, READ(L2*IR,ERR=1111) CN e ;
- €, DO 10 I=1,NAM , t
3 le. 18 CZANN(II=(Ce8,040) ‘ !
. 17, DO 50 ISUR=1,NS i
- 18, IF(ISVIISUR) ECCIGOTOST { :
s 15 00 43 NOB=LBANC ,MBAND ‘ :
5 2C. ZASCMPLX(ZNDATA(ISUR,NOB),ZNDICISUR,NOB)) P
& 21, 0O 48 I-1,NAM ‘ : ;
£ 22, CZANN(I)SCN(ISUR,I)*AREA(ISUR)ISRO®CO®%2/VOL /VMNPALI)/ZA/ 2, i :
. 23, E/WNMC LTI +CZANNLY) .- !
! 24 40 CONTINUE i
: 25, €c CONTINUE : i
3 T 26, Caxes CALCULATE THE OVERALL REVERBERATION TIMg ASSUMING EQUAL R
; 27,  Cauxs POTENTIAL EMNERGY IN EACH MODE AT T=0.0 3
: 28, T=0.0 L ,
: 25, PNTZ(Ce0,0,0) SR
g 3T,  WRITE(IOUT,S5) S B
: . EE FORMATI(g(/),15X, OVERALL REVERBERATLON TIME*//10X,* TIME®, 1€ X S
: 32. £ "PEMS®) - i
; 33, PRMSI=(NAMXRO*22%CO%%4 ) *%x0, & : :
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48, 1111 RETURN ;
49, END 3
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