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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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1. NOTATION
A cylinder interior surface area
A cylinder exterior surface area
A, A cross-sectional area of ring frames and stringers respectively
A transmitting area with trim
) A’ transmitting area without trim
a
) . .
u a radius of cylinder
5
= aj coefficients in trim transfer matrix
o
(S)
§ a, pressure amplitude decay rate parameter
©
42 C() constant factor in equation for <I>g(i) ; either 1 or 2
(]
= C, coshyL
(S)
w Cw trim parameter, derived from the trim transfer matrix
'g Co speed of sound in air
©
E Cy constant percentage bandwidth parameter = Aw/ow = 0.232 for
= 1/3 octave bands
= 14
) Ci(2) cosine integral; Ci(z) = J. 1—Cos‘tdt
S o
8 D bending rigidity of structure
(%]
! d (L,—L)/2 (see Sketch 5.1)
E.E,,Eq Young’s modulus for skin, ring frame and stringer respectively
f frequency
£ (n, 1) Internal coupling factor
G,, G shear modulus of ring frame and stringer respectively
H(l)(kr) Hankel function of the first kind of order m
m
h skin thickness
he thickness of end wall
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distance between grid points
2nd moment of area of ring frame and stringer respectively

denotes imaginary part of [ ]

acoustic mode number counter for fuselage cross-section modes,
associated with mode n=(q, i)

Bessel function of the first kind of order m
torsional constant of ring frame and stringer respectively

circumferential location on fuselage wall

joint acceptance function

acoustic wavenumber, k = 2wt/A

wavenumbers for the clamped-clamped boundary condition
wavenumbers

fuselage structure length

depth of air gap

cavity length

insulation thickness

panel length in circumferential direction = 2a(n-6,)

frame pitch

stringer pitch

number of axial ¥2 wavelengths for structural mode r=(M, N)
generalized modal mass, for structural mode r

average surface mass/unit area of cylinder

mass/unit area of lining

structural mode counter, associated with mode r=(M, N)
denotes acoustic mode n=(q, i)

number of boundary points on the fuselage shell at which the
acoustic eigenvectors are defined

external points adjacent to boundary points
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n; number of interior and boundary points
NR noise reduction
P; amplitude of incident plane wave
p pressure amplitude at grid point (m, n)
pi1 pressure on the interior surface of the skin at X
pi2 pressure on the trim inside surface at X (cavity side)
<pﬁ|> average, mean square blocked pressure in band
> o .
- <p2) t mean square pressure over that space which will be occupied by the
w &s, enclosure
[S)
E ( 2> mean square pressure in the interior
() Pi s, t
(S)
(%2}
2 2 band limited, time averaged, incident pressure
& <pinc>t
(%]
o+
5 <p2> band-limited, space averaged, mean square modal pressure, for nth
= n’s,t mode in interior volume V
(S)
E q number of axial ¥ wavelengths for acoustic mode n
< Re[ ] denotes real part of [ ]
(O]
‘é r denotes structural mode
%D S absorbing surface area of cabin wall
§ Se absorbing surface area on each end surface (end wall)
O
= S, sinhyL
(%]
Ll
S acoustic mode order, i.e. n=q,n, s
;
Si(2) sine integral; Si(z) = f %ntdt
0
\ volume of enclosure
w wave impedance in the insulation material
W jiss power dissipated on the interior wall
Wi, net power inflow
Wy displacement of fuselage skin at X
W, displacement of trim panel at X
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XY, Z Cartesian coordinates

X represents a point on the surface of the transmitting structure

Z, structural impedance (see Section 11.2)

Z,, Z distance from skin middle surface to centroids of ring frame and

stringer respectively

o attenuation constant of the insulation material
5 B normalized wall surface admittance,
a
7 Y propagation constant of insulation, y = o—i27n/A,,
o+
§ \% differential operator
=
O - -
§ Ap pressure differential across fuselage wall
§ Aw frequency bandwidth
)
§ €, acoustic mode normalization factor
< Ems EN» €g mode participation factors
o
L
= (- ratio of bending wavelengths for clamped-clamped boundary
'é conditions to those for simply supported boundary conditions
©
= M acoustic mode loss factor
5
= | structural mode loss factor
> r
<y
O n,/ modified structural loss factor
o)
a
o n~ internal radiation loss factor, due to closely coupled structural and
acoustic modes
Nyad radiation loss factor
Ny trim loss factor
09 angle at which fuselage shell/floor joint is located
Gj angle 6 for point j on fuselage wall, a boundary point for the
acoustic eigenvectors
elj, ezj angles defining mid points between boundary points j and adjacent
boundary points.
A acoustic mode eigenvalue
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A acoustic wavelength in insulation material
u Poisson’s ratio
normalized conductance of the wall (or trim)
& normalized conductance of the end wall
p air density in the cabin
Po exterior air density
TML mass law sound transmission coefficient
s Ty trim transmission coefficient
a
)
w D phase angle of W
o+
[S)
© . . . . .
g ) angle of incoming plane wave relative to cylinder axis
(S) — .
9 0,(8) mode shape for cavity
I
2 ¢i(ej) mode shape of i th acoustic mode of the fuselage cross section
= evaluated on the fuselage wall at angle ej
—
—
3 D (1) generalized mass for 2-D acoustic mode i
—
o
L
. W, (X) mode shape of structural mode r
i
+= Q) angular frequency
S .
% Oy angular frequency of harmonic H
=
2 0, acoustic mode resonance angular frequency
S
8 O, structural mode resonance angular frequency
(%]
Ll
N an overbar denotes band-averaged value
() indicates an average over the modes in a band
(N band-limited, time averaged value
( Jsit band-limited, space averaged and time averaged value
int denotes interior value
ext denotes exterior value
rev denotes value for diffuse field excitation
5
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2. INTRODUCTION

This Item provides the user with a means to estimate the reduction in noise through a cylindrical fuselage
wall with floor and cabin wall trim shown diagrammatically in Sketch 2.1. Intended for application to the
radiation of tonal and broadband noise from various types of aircraft engines into the aircraft cabin, the
prediction method is based on the power flow approach which was originally developed to predict noise
exposure in the payload bay of the Space Shuttle Orbiter Vehicle.

The method can deal with the following forms of excitation:

(1) single frequency plane waves incident from a specified direction relative to the
cylinder axis
and (i) broadband noise in a diffuse (reverberant) field and therefore better suited to

predicting results from test facilities.
Note that the method in this Item does not deal with turbulent boundary layer noise.

In essence, time averaged power flowing into the cabin must equal power dissipated on the cabin walls.
By considering power transmitted by both the resonant and non-resonant structure modes into acoustic
modes, the ratio of external to internal sound power can be obtained. Hence, the ratio of external pressure
to internal pressure can be calculated.

The computer program permits the user to calculate spatially-averaged interior sound pressure levels if
exterior sound pressure levels are input using the standardized ESDU common data file. Exterior levels
may either be harmonic or in one-third octave bands. Interior levels are obtained by subtracting the
calculated Noise Reduction from exterior levels.

No account is taken of internal cabin noise sources such as air-conditioning.

The program requires as input the cabin geometry, material properties and details about trim properties.
Aircraft bulkheads are modelled by specified end wall conditions. The user is given the option to have
acoustic loss factors either estimated by the program or read from an input file. Results can be printed out
in either standard or detailed form, as demonstrated in the Example section.

ESDU Copyright material. For current status contact ESDU.
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Sketch 2.1 Fuselage Structure

3. ANALYTICAL MODEL

The method to solve the sound transmission problem basically balances the band-limited time averaged

power, W; ., flowing into the cabin against the net time-averaged power, W y;, dissipated on the cabin walls

and floor

ESDU Copyright material. For current status contact ESDU.

W' = Wdlss. (3'1)

n

By expressing the in-flowing power in terms of the exterior exciting pressure and the dissipated power in
terms of the interior response pressure, the equation can be solved for the interior pressure. The analytical
model is described in detail through its stages of development in Derivations 1-8. This Item describes the
components of the model used to perform the estimation of cabin noise reduction. The following sections
provide the operating equations used by the computer program.
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4, POWER FLOW EQUATIONS
41 Tonal Excitation

The equations giving W, and W ;. for plane wave tonal excitation have been developed from those given
in Derivations 1, 2 and 5 and are

32P2L2 2 €M (u2 ? -
_ i mA 5 n'ln H 2
Wi = () wmen Y, 2{1-7 W]
)

n (J.)n n
2 ) a 2\ 2 -1
’ J ((D ,a, = °°) w 2
v f (Zna :) M (::, Z > |: 1 - _Zl + (n/r + n//r) , (41) YE

. r=mn Mo, ’HN (kxa)‘ Oy :
D
a :
i 1y _ 9] m, (1) E
e where Hy (k@) =k Ho” (k) _EH”‘ (kya), 4.2) -
m H
§ _ OH

o ky, = C—smq) (4.3)
2 0

©
E 2pcy 2

5 and ML = w""H"“m" : (4.4)
2

)
L

_ Vv

= Wiiss = “E 2 <p >s t (4.5)
©
E The angle ¢ required for calculating k, and k, is the angle of the incoming plane wave relative to the
<= . .
a0 cylinder axis (see Sketch 4.1)

s

(o}
S
u ®p p—

0 v
x v X

Sketch 4.1

Equating W;,, to W ;. on a mode-by-mode basis and solving for the space averaged mean-square modal
pressure for mode n, the space average interior levels are obtained from

2 2
(Pt = Y, (Prs o (4.6)
n
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Setting the mean square incident pressure

2 2
<pinc>t = P|/2a (47)
the ratio
2 2
<pi >s,t /<pinc>t
is calculated and, expressed in dB, is output by the program.

4.2 Diffuse Field Excitation

The equations giving W;,, and W ;.. for diffuse field excitation (Derivations 1, 2 and 5) are

2 _2
(Pp) 27A° /mA
Win = cw pV (—"—) Tt TMLE: nnnz

(O]

jr(@)f (nn O (n r

2 2
0o c,—C 2c.(b.—b )-b (c.—cC Cc.—C
2 n{( r n)lnn_'_( n(by=by)-by(c, ”jarctann+( n r)lnr

>
o
(%]
wl
©
i
c
o
(S)
2
©
i 7D, |\ 4 im0 4
€
g
= 2¢c.(b,—b )-b (c,—c )
4: +£ rr-n r) r( n2 r]arctanr:| , (4.8)
2 4’ +n" oy
=
o where
©
S
£ o ‘(1+c 12)* 0" +bi(1+c /2) %0 +¢| .
= ) \(1 ¢o/2) 0t +b(1-c /2 0% +¢ |
S
é (2+¢ )0’ -4 2-c Yo’ -40’
ok arctan, = tan~L — L|_tan™? — L, (4.10)
4njwj 4nju)j
2
D, = (¢,—c,) +(b,—b,)(b,c.-b.c,), (4.12)
b, = -2, (4.12)
b, = 20, (4.13)
4 2
Cn = (Dn(]_+nn), (4.14)
4 ’ ” 2
Cr =0 (1+(M' +n")) (4.15)
2pCp\ 2
and Ty, = (w—nf) (4.16)
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2
vV N0, 2
Wiiss = _22 <pn>s, t: (4.17)

 is the band centre frequency.

Again, by equating W, to W ;. solving for the individual modal pressures, (pﬁ)s { One by one, and by
adding the results according to the equation

Pst = ¥ (P (4.18)
n

the interior level is obtained.

The exterior space-average mean square pressure, (pi)s ¢ 1s, for a diffuse field, related to the mean-square
blocked pressure by

)
(Pe)st = 5 (4.19)

The noise reduction, NR, is then given by

<pi >s t
—10Iog10 (p2>
e’s,t

4.3 High Frequency Approximation

When the acoustic modal density is greater than a certain number of modes in an one-third octave band
defined by the user, a high frequency approximation may be used. This approximation greatly reduces
computer time”. The development of this approximation is given in Derivations 1 and 2. The equations for
W;,, and W ;. are given below.

ESDU Copyright material. For current status contact ESDU.

1 2 A M 2
in = zpc LtTRH WA (TR TOATP)s 1= 750 [——é}%TR * Tf}pi)s,t' (4.20)
0 0 rad
on TEZC nextnint 4pc
where 1q = ——2 rad rad 0 (4.21)
Po®N, A
_ 32 2A 2" 2
=205 Y i @], (4.22)
m r<Aomw
_ _4doV_
a= _COS Ny (4.23)
" A suggestion offered is a value of 30 modes as a starting point.
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ext _ 2 0(’)A 2 rev

t rev
and = ;Efr’n—c< i@y, (4.25)
Wdiss 4pC <p >st (4.26)
5. INTERIOR COUPLING FACTOR

The interior coupling factor, f’(n, r), which appears in both Equations (4.1) and (4.8) for the in-flowing
power, W; ., determines the spatial coupling occurring between a fuselage structural mode and a cabin
acoustic mode. It is defined as follows

f(n, 1) = %J.%(f‘)-q’r(f‘)df" (5.1)
A

where X represents a point on the transmitting structure, ¢,,(X) is the eigenvector for the n th cabin acoustic
mode and ¥ (X) is the structural mode shape for the r th structural mode.

The mode shapes are given by

0n(%) = 0;(8)).cos (5.2)
and Y .(X) = smM sm—Y (5.3)
L L,

; (6 ) = ¢;(y) and is the ith eigenvector in two dimensions and is obtained from the finite difference
method calculatlon (see Section 7) of the acoustic modal characteristics.

ESDU Copyright material. For current status contact ESDU.

Structural mode shapes are complicated by factors like variation in skin thickness, presence of stiffeners,
windows etc. and a simplifying assumption of representing them by sinusoidal functions has been made.

Then,
d+L L

f’/(n, r) =f(qi, MN) = L f cosq—nzsinM—nzdzJ. ysmNny(p (y)dy. (5.4)

L.L,Jy4 L L 0

Y
When L =L, d = 0 (see Sketch5.1).
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6.1

L
L
I_C
%
Sketch 5.1

JOINT ACCEPTANCE FUNCTION

The joint acceptance function describes, on a scale between zero and unity, the coupling between the
excitation field and the structure. It will, therefore, be different for free-field tonal excitation and diffuse

field excitation.

Tonal Excitation

The joint acceptance function for tonal excitation corresponds to the jﬁ,l(mH) term in Equation (4.1) and
is obtained from the equation below.

where

and
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Iy(wy) =
M7 Ay,

2

[PM{l—(—l)McoskzLH,
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6.2 Diffuse Field Excitation

rev
The joint acceptance function for diffuse field excitation, corresponds to the jf (w) term in
Equation (4.8), and can be expressed in the form

-2reV -2reV -2reV -2reV
Jp (@) =jyn@) =]y (®).]y (®). (6.5)

The axial component, j,, (), is given by

rev

Jf,. (0) = 1{ (M) +1,(M) +153(M), (6.6)
where
(M) = o IVlkl_[C|(kL+M11:) Ci(IMn—kL))T, (6.7)
[,(M) = m_[Si(kL+Mn)—Si(Mn—kL)] (6.8)
and
1,(M) = 1-(= 1)McoskL 6.9)
(Mn ) —(kL)

rev

The circumferential component, ja (), is given by

rev

ESDU Copyright material. For current status contact ESDU.

2
i (@) =1L (N)+1,(N)+15(N), (6.10)
where
I,(N) = o NkL [CI(kL +Nm)— C|(|N7r kLy‘)] (6.11)
I,(N) = 2kL [Sl(kL +Nm) - Si(Nm—kL )] (6.12)
and
N
1-(-1) coskLy
I5(N) = > > (6.13)
(Nm) —(kLy)
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7. FUSELAGE ACOUSTICAL MODAL CHARACTERISTICS

The cross-section of an aeroplane fuselage is modelled by a cylinder with a floor partition as shown in
Sketch 2.1.

The acoustic modal characteristics of the cabin are defined by the resonance frequencies, the mode shapes
and the mode normalization given by the constant ¢, .

Because the floor is present, it is not possible to derive the modal characteristics analytically since the
boundary conditions are irregular. It is therefore necessary to resort to numerical methods and the finite
difference technique has been selected. The problem is solved initially in two dimensions. The axial
information can then be utilized to give a three-dimensional solution.

For this Item, this finite difference technique was validated by comparison with a finite element method
and excellent agreement was obtained (Reference 6).

In the cabin, the Helmholtz equation applies. For the two dimensional situation, this is

ESDU Copyright material. For current status contact ESDU.

Vio+k'¢o = 0, (7.1)
2 2
where V2 = 8—2 + 8—2 (7.2)
ox~  ay
and Kk = 2. (7.3)
Co
The central differences for the grid shown in Sketch 7.1 are
a(I)mn _ I:)m+1,n_|:)m—1,n (7.4)
oX 2AX ’ '
a(I)mn _ I:>m,n+1_|:)m,n—l (75)
ay 2Ay ' '
2
9 Oy _ Pm+1,n_2Pm,n+Pm—l,n
> = 5 , (7.6)
oX (AX)
2
Lo IN0) P - 2P +P _
and r:n - _mn+1 m,2n m, n 1, (7.7)
ay (Ay)
where P and ¢ are taken to be synonymous.
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m-1,n+1{mn+1 m+1l,n+1
Ay
—0 ° o —
m-1,n m,n m+1,n
m—l,n—le,n—l m+1l,n-1
c AX
2
a4 ™
S
o+
[S)
: A
5 AN
2 \
: [ ]
©
: \
)
C
g
2 6
— \>)\
) m, n /
©
2
©
S (0,0) \
@ « Interior point
- O Boundary point
o)
; x  Exterior point
o Sketch 7.1 Finite difference grid
Ll
If AX = Ay = hg, (7.8)
the Helmholtz equation becomes
4p P P P P = K°h °P 79)
mn_ "m+1,n” "m-1,n" "mn+1" "mn-1 " g mn- ()

The boundary condition is that the outward normal gradient is zero if the wall admittance is assumed to be 1;
sufficiently small. Referring to Sketch 7.1, in the region 6, <0<2n-0,,

(Pm,n+1_Pm,n—1)Cosemn - (Pm+1,n_Pm—1,n)smemn' (7.10)
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If - 6,<06<0,, the boundary condition above can be applied by setting 6, = 0 wherever 0. <0, i.e.

P Po .1 = Owhen—8,<86<8,. (7.11)

mn+1" "m,n

Since the cabin is symmetrical about x = 0, only half of the cylinder is considered and the following grid
points are identified.

(1) cylinder interior and boundary points (total = n; )
(i) cylinder boundary points (total = n))

(iif)  external points adjacent to boundary points (total = n,)

Letting

{PI } = pressure at interior and boundary points
n. x1

{PE} = pressure at exterior points,
n,x1

e

Equation (7.9) can be expressed in matrix notation as

[RIJ {P,} + [REJ {PE} = A {PI} , (7.12)

(nj X nj) (nj x 1) (nj Xng) (ngx1) (nj x 1)

where A = kzhs.

The boundary condition, Equations (7.10) and (7.11), give (n,—2) equations. Two more equations are
required and are obtained by assuming the tangential gradient to be zero at two boundary points close to
0 = m/4 and 6 = 3m/4, i.e. at these points it is assumed that

ESDU Copyright material. For current status contact ESDU.

P P = 0. (7.13)

m+1,n "m-1,n

This results in a total of n, equations giving

81| {PI} * [oe] ip% = 0. (7.14)

ne><nj njxl Ng X Ng Ng X

Combining Equations (7.12) and (7.14) gives the eigenvalue problem

[RI} - [REJ [BEITBI} {PI} = A {PI}. (7.15)
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The eigenvalues and eigenvectors are calculated for symmetric and antisymmetric modes separately. The
modes are then normalized by making the maximum value achieved at any coordinate position unity and
adjusting the other values to retain the computed ratios from point to point.

For symmetric modes

P—l, n - Pl, n (7.16)
and for antisymmetric modes
Pin = =Py (7.17)

The modes are combined and ranked in ascending order of frequency by the computer program. Each mode
must be identified as symmetric or antisymmetric because the modes, N, represent only half the cylinder.

It should be noted that the first symmetric mode is a translation mode with zero frequency.
The vector {P} corresponding to A; is the mode shape {¢;(j)} where i is the 2-D mode counter and

j defines the position in the fuselage cross section. The eigenvalues A; are used to calculate the resonance
frequencies using the equation

o= — A 7.18

: 21h ! (7.18)
g

These data are calculated for the cross section of a cylinder of unit radius.

7.1 Extension to three-dimensional cabin of arbitrary radius

The resonance frequencies for the three-dimensional cabin of arbitrary radius are calculated using the
equation below

2%
~ _ Colrgm 2 2nf;
fo= fy = oo () =) | (7.19)

where a is the radius of the cylinder,

L is the length of the cylinder,

f, is the frequency for unity radius calculated according to Equation (7.18),
and q is the number of axial half-wavelengths for acoustic mode n=(q, i).

ESDU Copyright material. For current status contact ESDU.

The acoustic modes, ¢,,, for the three-dimensional cabin are given by
nz. ..
0, (X,Y,2) = COSqu)i(j), (7.20)

where ¢,(]) is the eigenvector for the two dimensional mode as calculated by the finite difference technique.
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7.2 Normalization of Acoustic Modes

Normalization of the acoustic modes is carried into the transmission prediction with the parameter €, given

by
e, = + (7.21)
[]] on@rav
%
where
V = a’L[rn-0,+ cos0,sin0,] (7.22)
and
2 oG a2L
qu)qi(a)dv = g 0g(0), (7.23)
where the generalized mass, @ (i), is given by
Uoo o
D) = Y 0;(DhgCA), (7.24)
i=1
where hg = distance between grid points,
C(j) = 1forall locations on the centreline and on the cylinder boundary
2 for all other locations
and sq:2forq:0
=1 forg>0. (7.25)
8. FUSELAGE STRUCTURAL MODAL CHARACTERISTICS

ESDU Copyright material. For current status contact ESDU.

The fuselage structural modal characteristics are defined by the eigenvectors, ¥ (X), resonance frequencies,
o,, and the mode normalization given by a constant, the modal mass, M, .

The analytical technique used to predict the resonance frequencies of the frame-stringer stiffened shell or
curved panel is described in Reference 1. The method approximates a cabin fuselage by a stiffened cylinder
when no floor is present or by a stiffened, curved, orthotropic panel running from floor to floor when a
floor is present.

The equation to estimate resonance frequencies for a simply-supported stiffened cylinder (see Sketch 8.1)
is given here. When applied to a curved panel, N is replaced by N/2 as N then refers to the number of
circumferential half-wavelengths.
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Section between
neighbouring ring frames

Section between
neighbouring stringers

Sketch 8.1 Geometry of eccentrically stiffened cylinder

From Reference 1,

2 E.l GJ. GJ El
s M4(1+B2)2+M4{DSIS+BZ R ﬁ}
n D . y . y . X . X

ESDU Copyright material. For current status contact ESDU.

4 2 = 5 B 2 2
+12L4(12—2u )[1+SQS+R§r+S.RQrS}+Ap§ ML 1428%, (1)

m h™a 2n2D

where M = No. of axial ¥ wavelengths, (8.2)

N = No. of circumferential full wavelengths,

_ EA, _ EA, | _
R = : S = =ring frame & stringer membrane parameters, (8.3)
E.hl, Ehl,
Qs = 1+2a°(ZJa)(B* - ) + o (2 Ja) (1 + B2, (8.4)
ar = 1+2N%(Z, fay(1-pp?) +N*(z, 1a)’(1+B%), (8.5)
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_ 2.2 2 = .= 2.5 . phs 255
Q=(1+p") +2°(L+w)(R+S)+(1-u)[S+PB R+2B"RS(1+n)], (8.6)
ars = N’ [B%(1-1®) + 2(1+W)](Z /)" + N'[1-p” + 2B°(1+ W))(Z, fa)°

+2N*(1-p*)[ZJa+Z, fa]+ 2N (1 + W) (ZJa)(Z, fa) + (1-u), (8.7)

_ Mna
o = Mm2, (8.8)

2NL
B—ML, (8.9)

y

3
and pD=—E0—. (8.10)
12(1-u)

E I |
The terms ﬁ and ﬁ are the ring frame and stringer bending parameters respectively.
1 Ay

As frequency increases the influence of frames and stringers varies. This effect is described in Reference 3,
where the structural parameters used to describe the panel change with wavelength and frequency of the
modes of vibration. The user is given the option of calculating the resonance frequencies without ‘smearing
out’ the frames and stringers at intermediate and high frequencies as described below.

At low frequencies, where the structural modal wavelengths, both axially and circumferentially, are greater
than the frame and stringer separation distances, the frames and stringers are assumed to be ‘smeared out’
orthotropically over the skin in both cases, and the treatment is the same.

As frequency increases the axial half-wavelength of the modes becomes less than the spacing between
adjacent frames and the frame motion becomes small compared to the motion of the panels between the
frames. Inclusion of the frame stiffness now results in overestimates of the panel resonance frequencies.
Thus, in this mid-frequency region, the frame stiffness and mass are omitted from the analytical model,
and only the stringers are smeared out over the panel.

ESDU Copyright material. For current status contact ESDU.

Finally, in the high frequency regime, the axial and circumferential half-wavelengths of the structural
models are less than the spacings between frames and stringers, respectively, and subpanel resonances
occur. Only the skin stiffness and mass are now included in the analytical model.

The boundaries are defined by:

(@) Low - Intermediate:
The minimum value of the resonance frequency of the sub-element (see Sketch 8.2)
of size I, .1, clamped along two adjacent frames, for any circumferential mode order
N with hai’f wavelengths > stringer pitch, using (stringer + skin) structural
parameters

(b) Intermediate - High:
The fundamental frequency of subpanel with clamped edges, size (IX.Iy) using
structural parameters only.

For clamped-clamped boundary conditions the bending wavelengths are smaller than those of a simply
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