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Introduction

The response and consequent sound radiation from stiffened plates is of interest

in the study of aircraft and shi structures. Amongst previous work is the space-
hamonic approach of Head et a). 1.2]. In these papers the harmonic amplitudes

Iere found to satisfy an infinite set of simultaneous equations which were

truncated and inverted to find an approximate solution. The transform mthod
presented invthis paper is essentially identical to 'this approach, except that

the harmonic amplitudes are found explicitly.simplifying calculation considerably.

Formulation and transform solution

Consider the displacement ' e! an infinite plate with flexural rigidity D and
mass per unit aream excited by a convected harmonic pressure P exp i(mt-k x-k a).
The plate, lying in the y=o plane, is periodically stiffened by identical Him?
stiffeners attached along the lines x=nl (n integral) and loaded by a fluid of
density p occupying the half space y>,0. Assuming that the t and z dependence is
exp Hurt—kl!) andsuppressing this dependence, then the displacement satisfies

 

a“. z 32- .. 2 _ "kx‘ ' " 35(x-n7.)NE..— - 2kz W s kl -)-m w — Poe — p(x,0) ;_2 FnMx—nl) +3anT

- (1)
where p(x,0) is the acoustic pressure in the fluid at y=0 mid F and M are the

force and moment exerted on the plate by the n'th stiffener. 'i‘fle acoustic

 

pressure satisfies “2 a V
. Vzp o—c—z p = o. a" = wznw , m

o y=O

Taking the Fourier transform of (2) with respect to x leads to

m 2 'L I '
ptk) = - 3F -(k). u=¢(k2)2+(kzn)2- mzlzlcoz (3)

To satisfy the radiation conditions we must take Re(u)20 and lm(u)20 if Re(u)=0.

The transform of (1) together with (3) gives

2 w a
(nude: 232- m2 - LEflux) = 2n? SOs-k ) - Z s an“ - 2 ill Item” (4)

I U 0 X n=_°° ll n=_u fl ‘

Since the stiffeners are identical we canassume that
-ink‘l -inkxl

I" = Foe . lln - Moe

Using the Poisson sun formula the first infinite sum then becomes

~ “all 0 -in!(kx-k) “‘
2 ans = so X a = 2nF° E dun. —(kxl+znw)) (5)

n—_m F... n=—ei

with a_similn.r expression for the second sum.
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Taking the inverse transform’o! equation (5) gives in dimensionless form

e -ik ll ‘9 —!(k +2n'n/l.) w -i(k onus/9.)

—- x - x x - . x x
w(x)/i = P0808 - r0 is a - mo 2 rn e (a)

5:-..) n=_w

where F =1: 9.3/n i =r 7.2/1: n‘i =M l/D n“ =m22'Vn r =(2nvr+k us I
o o ' o o ' o o ' ‘ n x n'

-1»
uII = J<kxn+2nn)z+(k‘z)z- mzlz/coz and an = ((kxzoznnfi-nkmzpfi/unn ‘

The acoustic pressure in the fluid is given by

-u°y/£ —ikxx 0- —uny/2 -i.(kxt2hm/P.)x

2 2 = _ ' -' ,.
P/u 91 P0809 e no + song. fine a / un

w -u y/l -1(k +2nn/2)
— n x x

+ i M 1‘ e e / u ‘

° .2-.. n n 17)

Boundm conditions between the plate and the stiffeners

If we consider beam-type stiffeners with an axis of symmetry perpendicular to the

plate. then the boundary conditions which ensure continuity between the plate and

the stiiiener It‘FO can be written as
_.

1'70 = KT w(0)/1 . i0 = KR (aw/ax)FD '(a)‘

Generally hoth K and are tumctions at k and u: . If we substitute

gouations_(8) into equation (6) , then the resulting equations can be solved for

F0 and Mo giving

  

- 1 - - m -
so = (3—11 + a2] — 1519.91) an PolA . use = (KT + kaso — s1) so po/A \,

A — (é ‘ (9)

e on n

where so = 2 an , s1 = X rn , 52 = X (zmnkxz) rn. 11 fluid loading is

F-” In. F-.. ,

neglected. the infinite sums can be evaluated by the Poisson sum formula and

reduce to trigonometric and hyperbolic functions.

Acous ti o r ndiat ion

Equations (6). (7) and (9) together give the solutions (or w(a) and P(a,y.s).

Due tothe presence of the perioaic stifleners the wave-number spectrum of the

response contains harmonics o! nave-number kx+2nvr/l (n integral). The ‘

amplitudes of these harmonics are given by

_ _ _ - 4

Wn=ZIP°8°6°n-F°Bn-1M°l'n)
‘

Similarly the acoustic pressure contains harmonics whose amplitudes are‘ *

Pa = mzoi VI A: . These harmonics contribute to the decaying near-field it u n‘

is real, enduraaiate 1: un is imaginary, that is if
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(kx+2nn/P.)2 + :22 < 132 / e02 . The Pigure 1.

existence or radiation therefore depends

on the excitation parameters It , k . w.

and we candivide the kx, kl5 nfanezinto

three regions.

1). Acoustic-11y last excitation. the disc

h‘z‘rkzzquz/c 2. The primary (n=0)
component\alvnys radiates, and other

components may.

2). Acoustically slow excitation, with

ksz>m2/c°2. No radiation.

 

3). Acoustically slew excitation, with

klzfluzlcuz. If we also have

biz/C02 - ((M1)fl/l)2<ksz<w2/coz4M”):

with m integral and z 0, than as k: Elm

increases there will be alternating

regions where m+i and m harmonic radiate.

Figure 1 shows the case where

m /c <w ALI (Le. v.< m: an acoustic
wavelength. In this case throughout

the strip kIZ<uzlc 2 there are

alternating regions or no radiation and _

radiation from one harmonic. It the _ _,_,3/

point (kx,ks) lies in the circle centred c‘

at nun/F. then the -n'th harmonic radiates.

  
Figure 2. shows the case where viz/the?“ 2< (anz/fi. Again it Luz/c Z-IZIEZQL 2

there are either one or no radiating harmonies, but i! kzz<u2/c°2—wz9lz, then

there is always one radiating harmonic. and sometimes two.

The total sound power radiated per unit areaof the plate is equal to the sum of

the powers radiated by those harmonic which are acoustically rast. Thus the

power radiated 1 z

n = 2 5 puma |wn| / Adz/cu -(kx+ 2n1r/7.)Z-(kzl)2 no)

radiators

Radiation hem a point excited plate

We can find the response and radiation due to general excitation from the

solution given above for harmonic excitation. Denoting W now as the harmonic

amplitude ior unit convected pressure. then the response R(x,n) to a time-

harmonic excitation “(n.e) is given by

1 w damn/i N _ -i(kxx~kzz)

not,” = (Twp FIFE” wnulgl) e > F (kx,k=)e dkx dkz (u)

-n
_ ~

= - - i
where Wn(kx.kz) “805°” Po an i 0 Tu) and F (krkz) is the Fourier
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transform o! F (x.a). The carrespendin‘é‘hcausti; pressure ie
(13)a _

_ m2 1 n Wn(kx.kl) -ianwx/I. -unyx/L~ —i(kx+kzz)

puma) — -fig“, alw‘—unth'ka) a e Palm!) e 01‘de
_..

I! we substitute k‘=k +2nw/l in the n'th term of the sum, then since u (k'-2nw/E,

k.) = u°(k;K,k‘), uni finux-znn/Lk‘) = w-a(kx,kz) than n "
z a w (k .k ) ,. . —u y/v. -i(k x41: 1)

p(x.y.z) = -%%z E n x ‘) Harem/1.1;!) e ° e " ‘
v at... A

_ dk Gk
U°(kx.k: x z

(13)

Only the integral over the disc kxzd- In!2 < mz/coz. where u is imaginary,

contributes to the radiated pressure in the far-field, theoremainder oi the

integral giving the decaying near-Held. \

For a point tor-ca 1“ applied It (I: .0). the far-field pressure in spherical
co-ordinatea R,s,¢ is, by the washed 0! 'statienary phase:

kxxa on _ _ iinnxo/L diva/co
who.» = - 9021:}! e c - In; Bn+ 1 no Tn)e e _ (14)

. l=-' all“

where F = P 13/17. The first term in the brackets gives the radiation from an
unstittened plate, the other terms giving the additional radiation induced by the

stiifenera. :

The evaluation of the infinite sums when fluid loading is neglected

When fluid loading can be neglected, then the infinite sums are:

a -i(k‘-v;2nIv/l)x
T°(x,kx,k‘) = I an e (15)

F-..
-ik 2 '\ "ka

1 [sinilu-x/Eh e x aim1 x/E einh index/1H e einh A: x/A
=
312 “(cos X1 - cos ill.) la(cosh A2 - cas k‘i) ]

2 - z z - zwhere Al-flz-(kzl). Aa—n2+(klv.) and o:x<v..

- a -i(k wan/i.) ar
_ K x = _°11(x.kx,kl> “FE—m rII e 12 3‘

so = Toy(0,k‘.kz), S = 1'1 (0,k‘,ks).1 B2 = i1 (BTl/Bx)x=o’
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