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Introduction
The response and consequent sound radiation from stiffened plates ls of interest
*in the study of aircraft and ship structures. Amongst previocus work is the space-
harmonic approach of Mead et al 1,2}. In these papers the harmonic amplitudes
were found to satigfy an infinite set of simultanecus equations which were
truncated and inverted to find an approximate solution. The transform mothod
presented in. this paper 1s e¢ssentially identical to this approach, except that
the harmonic amplitudes ere found explicitly,simplifying calculation comsiderably,

Formulation and transform solution

Congider the displacement w of an infinite plate with flexural rigidity D and
mass per unit area m excited by a convected harmonic¢ prasaure Poexp 1{ut-k x-kzz).
The plate, lying in the y=0 plane, is periodically stiffened by identical line
stiffeners attached along the lings x=nl (n integral) end loaded by & fluid of
density p occupying the half space y:0. Assuming that the t and z dependence is
enp 1(wt-kzz} &nd suppressing this dependence, then the displacement satisfies

Py S IE R W, N 0) E F 5(x-nt) + E y 2Blx-nd)
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where p{x,0) 18 the acoustic pressure in the fluid at y=0 and ¥ and M_ are the
force and momont exmrtod on the plate by the n'th stiifener. Tge acoustic
preasure patisfies 2
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Teking the Fourler tremsform of (2) with respect to x leads to
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To satisfy the radiation conditions we must take Re{p):0 and Im{u)20 1f Ra(p)=0.

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

2 n = k L
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. z u o x ! peew B .
Since the stiffeners are identical we can assume that
—1nk‘!. -1nkx£.
Fn = Foa . Hn = Moa
Using the Poisson sun formula the first infinite sum then becomes
T . L iknt T rinfE k) H
1Fe =F J e = 2nF_ ] &(kf =(k_R+2am)) (6)
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with a similar expression for the second pum.
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Taking the inverss transform’of equation (5) gives in dimensionless form
-tk x _ 0= -i(k_+2nm/L) _ @ -1(k_+3nr/L}
= _§ E. g e x x _ 1M° z l_n 6 = x
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where P_=P ¢°/D, F = r%/m, M, =M 2/D, i 2D, T, (2nr+k LB _,
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The acoustic pressure in the fluld is given by

-y y/% ~1k X w -p y/0 =1(k_s+2nn/L)
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Boundary conditions between the plate and the stiffeners

If we conelder beam-type stiffeners with an axis of symetry' perpendicular to the
plate, then the boundary conditioms which ensure continuity between the plate and
the stiffeger at x=0 can be written asg
-1
- - . |
F o= K w(0)/2 , M = Fp Qw/iz) g (8)

Generally both E_ end are functioms of k_ and w. If we substitute
gquationa_(s) into equation {(6), then the raaul%ing equations can be solved for

Fo .a.nd Mo giving

= 1 = = kxk =
F = (K—n +8, -k 15 B, Bsa , 1M = (‘-r + k18 - 8)) B B /by
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4= (KT + SD) (KR + Sz) Sl (9)
L] ) o ]
where S, = ) B, . 8 = =£.. T, + B =n=§m (2am+k_¢) [,. If fluld loading ie

n=== n
neglected, the infinite eums can be evaluated by the Poisscn sum formula and
reduce to trigonometric and hyperbolic functions,

Acoustie radiation i

Equationa (6), (7) and (D) together give the solutions for w(x) and P{x,y.,%).
Due to the presence of the pericdic stiffeners the wave-pumber spectrum &f the
response contains harmonics of wave-unumber k_+2nv/L (n integral), The
amplitudes of these harmonlcs are given by

wn=z{p°e°5°n- posn-iuorn}

Similarly the acoustilc préssure conteins harmonics whose amplitudeg are * -
p = uwlpl W /u_ . These harmonics contribute to the decaying near-field 1f u -

1'5' real, nndnraaiata if un is imeginary, thet is if
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(kx+2n1l/2.)2 + kzz < w? / coz . The - Figure 1.
exlstence of radiaticn therefore depends
on the excitatlon parameters k , kz, oy
and we ¢on divide the k_, k_ pYene"into
x' % Al
three regions. F3
1) A tical fast tatl 4
). Acoustically fast excitation, the disc kgi“’/cg

kxz+kzz<w2/c°2. The primary {n=0) .- — — - X
compolient always radiates, and other 4 ne+l \ ﬁ;o (ns-l A mb

components mey.

n=-2
ZANPAIAN
2). Acoustically slow excitatien, with - —_—— — - - —_
"N/Cg

k=2>m2/c°2. No radistion. - ‘ "z’

3). Acoustically slow excitation, with
kzzth/coz. If we also have

wfe? - (<m+1)rr/z)2<k=2<m2/c°2-<m/n)2

with m integral and > O, thea as k_ )
increases there will be alternating f
reglons where m+l and m harmonic radiate.

Figure 1, shows the case where —-'ﬂ""l -~
ul!/cgz‘iﬂz,l’!.z (1.e. < half an scoustle n

wavelepgth. In this case throughout 7
the strip kszcmz/caz there are M
alternating regions of no radiation and 7 P

radiation from one hermonic, If the
point (kx'kz) 1lies in the circle centred
at 2nn/L then the -n'th harmonic radiates.

Figure 2. shows the cese where ﬂ2/£2<m2/c°2< (2m)2,02,  Agaln if wl/c 2-12/£2<k82
there ore either ome or nc radiating harmoniecs, but it k 2<:»2/¢.:02--|12 2%, then
there is always one radiating harmonic, and sometimes two.

The total sound power radiated per unit area of the plate is egual to the sum of
the powers radiated by those harmonic which are acoustically fast. Thus the
power radiated 1
= I 1.u8 | |3/ ef7c -(k_+ 2nn/0)7-(k _13° (1)
2 "o n [ x -4
radiators

Radiation from a point excited plate

We can find the response end rediation due to general excitation from the
solution glven shove for harmonile excitation. Denoting W now as the harmenic
amplitude for unit convected pressure, then the response R(x,s) to a time-
harmonic excitatien R (x,z)} 1a glven by

1 = ~42nTx/% A . -1(kxx+kzz)
Rix,2) = 532 rJ i wnu;l,kz) 0 F (k. ke a_ dk (11)
e )

- ~
= - -1 B
where W (k .k} 28 8, - F B 1 7T,) and F (k .k ) s the Fourler
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transform of F (x,z). The correspondin—é—aéoustig preééux:e is a2
wn(kx'kz’ =13anx/2 -uan/l-\- _i(kx+k z)

_ wipl * z
pix,5,2) = - aﬁp nzﬂ,m 8 e F (k k) o &k

If we subatitute k‘5=kﬁ+2n1r/£ in the n'th term of the sum, then since un(k;‘—zmrﬁ,
= 1 - -
kﬂ) uo(kx,k‘) , an n(kx 2n11/2..kz) =W n(kx,kz) then
2 w Wk k) . - y/L -1{k_x+k_z)
. wopl n x"z o x z
plx,y,2) = - Gy ,m I v ry [epmvik) e e RN
OS=-a 0 x z
> (13}
(nly the integral over the disc k 24k 2 < wlye 2. where y_ 18 imeginary,

contributes to the radiated press:lgr 1% the fargfield. theoremuindar of the
integral giving the decaying near-fileld, i

For a point force F applied at (x ,0), the far-fleld pressure in apherical
co-ordinates R,8,¢ 18, by the m.aghod of ‘stationary phase:

ikxxa « unn:dﬂ. -ﬂhu/co
P(R,8,8) = - pulF 2 o B,- 1t F o8+ 1H T Je ® ST
) n=== 27R
where £ = F 23/D, The first term in the brackets Elves the radlatiom froo an

upstiffened plate, the other terms giving the additional radiation induced by the
stiffeners, ) :

The evaluation of the infinite sums when fluid loading is neglected

%¥hen fluld loading can be neglected, them the infinite sums are:

@ -1.(kx-1-21'|1'r‘-’!€.)x
T (x,k k) = I B, ® (15)
n=—D .
1k, % ~ -1k 2
1 [ainll(l-x/2)+ 8% sind, x/R sinh A (1-x/8)+ e © sich A, x/h
Tﬁz h, (cos A, - cos k&) ) d4(cosh A, - cos kxz) ]
2 _ 2 2 = 2
where Al—ﬂz-(kzl), sz—-nz+(k=!1) end 0 § x < 2 .
- = -1(k_+2n7/%) aT
- L -2
T, (xK k) —ng_m r, e 1 ==

5, =T 0k k), 8 =T Ok k), By=it (IT,;/8m
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