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ABSTRACT

This report treats the structural path and acoustic path transmission
of an unstiffened and stiffened shroud with spacecraft boxes contained
within the shroud. The modes and frequencies of both systems were de-
termined from a finite element program. The low frequency region below
640 cps is treated. It is found that there is not much difference in
the structural path transmission between the two configurations, where-
as the acoustic transmission of the unstiffened shroud is an

order of magnitude greater than that of the stiffened shroud.
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LIST OF SYMBOLS

Displacement at point j at time t

Value of the mth mode shape at point 7 of the structure
Generalized coordinate for the mth mode

Generalized £oxrce for the mth mode

Ratio of damping to critical damping for the mth mode
Natural frequency of the mth mode (in radian measure)
Value of the mth mode shape at point r of the structure
Applied load per unit area at point r at time t

Area over which the applied load Pr(t) acts

Spectral frequency (i.e. the frequency of the exciting forces)
Fourier transform of qm(t)

Fourier tranSform of Qom(t)

Cross spectrum of the displacements at points j-and k at
frequency 2.

Complex conjugate of‘¢7;¢h3
Modal frequency response function for the mth mode’

Cross spectrum of the exciting pressures at points r and s at
frequency /-

‘Frequency band over which the RMS value is desired

Root mean square displacement at point j over frequency band s
Root mean square acceleration at point j over frequency band 4.1-
Joint acceptance (or generalized force for random loading)-mth mode
Spectrum of the applied outside pressure to the shroud

/2,-2, )or o lef -¢f,) difference in the coordinate values in
a homogeneous correlation function

‘e, = VG

Forcing or spectral frequency of the applied pressure (=)
Sound velocity in the medium outside the shroud

Constants used to describe the exponentially decaying corre=-
tion function

Zeroth .order Bessel Function with argument LE
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I o Modal mass for mth mode of structure

A Z/%QWde s shroud surface area

Aﬁ Correlation area

?MMLT Powell's joint acceptance for the mth mode
qup Cylindrical coordinates for the shell

,pu7;¢gfd Radial displacement on the surface of a cylindrical shell
at cylindrical coordinates z)qﬂ at time t

45%:(f),L*EKJ%J Fourier component displacements of the cylindrical shell

e ?3 . For the cylindrical shell (shroud) this is the number of axial
half waves in the vibration pattern of the shroud

ﬁ/&)cg ) Pressure applied to the shroud

f%‘;‘({—));m:’;({—) Fourier component pressure functions for the shroud
”4“5 . Modal impulse functions for the shell (shroud)

ALC /ghr Modal frequency response functions for the shell (shroud)

j:ﬁ@%¢%zl¢%dhj) Cross spectrum of displacement at point kqu with dis-
- placement at X, &/, at frequency &

g, 8 Variables of integration in the Z direction
ﬁa)fil Variable of integration in the qﬂ direction
[%%(Eudj%ve. Space average spectrum of the pressure over the inside

of the shroud at radial distance r from the shroud axis

H

7 Frequency response function for acoustic pressure inside the
shroud

Poisson's ratio for shell (shroud) material

Cylinder (shroud) thickness

Cylinder (shroud) radius

Sound velocity in air inside shroud

WV

A

a

<

jp Mass density of shell (shroud) materia)

j% Density of the air inside the shroud

L= Tz Bessel Functions of order nh of imaginary and real arguments

V4 Length of the shell (shroud)

3”“&: Acoustic pressure function of the mnth mode for the inside

of the shroud

< ; number of circumferential waves in the vibration pattern

of the shell (shroud)
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Modulus of elasticity of shell material

Natural frequency of the mnath mode of the shell
Ratio of damping to critical damping
Nondimensional displacement transfer function

Nondimensional acceleration transfer function
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II.

Introduction

*
The first part of this study . was completed the latter part of 1965,

The earlier report™ contained the basic theory for obtaining the struc-=
tural and acoustic response of a shroud-spacecraft combination under
random loading. As a continuation of the study the basic theory has
been amended and applied to two models which resemble the OGO shroud-
spacecraft combination. The results of the calculations are contained
in this report.

Structural Response Relations
A. General Relations

The total displacement ’74(f) of a structure at point j at time. t
can be written in terms of the displacements in each of its m modes
of vibration as follows:

Ny () = 2 B o G CE) [1]

where m is the mode number, E@wbis the value of the mth mode shape
at point j, ?wj%) is a function of time which satisfies the follow-
ing equation:

e

f.mc’é) *2/6«»«— a)wfwft) -l-aJmLfm(t) = Q..Ct) [2]

in m&dxﬁléawis the damping ratio (ratio of damping to critical damp-
ing) in the mth mode, & is the undamped natural frequency of the .
mth mode and Qm(t) is the generalized force for the mth mode. Qm(t)
can be written in terms of the loading P(t) as follows:

an_[f) ::‘;i EﬁwW/%‘/a(f> [3]

where 2. is the value of the mth mode shape at point r, Ar is the
area over which Pr (t) acts, and Pr(t) is the pressure at point r on
the structure. Zm. is the component of the mth mode shape in the
direction of the load at point r.

Take the Fourier Transform of eq. [2] and denote the Fourier Trans-
form of gm(t) by gm (~%), then

[~ 24i 20t et D [ () = @) (4]
The cross spectrum between the displacements at point j and k is de-
fined as o )47 "y )
i . =4 AL L (I
’WgﬁeﬁJl) E F—sed 7'? (5]

# . , .
(72 being the complex conjugate of-ﬁ% )

*Superscripts refer to references listed at the end of the report.
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but yla) = Z B Fon (1)

[6]
Qo () 3g£‘wWAr Fla) (71
S0
f?};@}:% Zjmn Ghn 1) Yo L) (8]
Thus
?’7}-,4 () = MZ:_ Z 2;‘% Zg, %)Y ra) Con.. () [9]
where
C'w_%(_n_) = Zz Zr-w- Z.Sw ﬁ:fﬂ)ArA‘.s [10]
Fhes [11]

l- = /
Yoo () TnE AT IZ A

Ym* is the complex conjugate of Ym, Prs (.n) is the cross spectrum of the
loading at points r and s.

It should be noted that Zrm and Zsm are the mode shape components in the
direction of the loading at points r and s, and Zjm, Zkm are the mode shape
components in any desired direction at each of the points j and k for which
the cross spectrum is desired.

The RMS value of the deflection at j over a frequency band deo =_2... -
can be written

+
L aa BTN

p
2 [ &) Frpearea]*
47 (RMs e 47”/.4) n
where ,7? (o) is the auto spectrum of the displacement at point j and

at frequency_f)..°

If damping is small (as it will be in the models which we are considering
in this report) then cross product terms can be neglected in equations [9]
and [10] and they reduce to

where '
ny
The auto spectrum of‘the displacement at point j can be written
il = 2 Zp ! Youtir)) *Connlr) [15]

The RMS value of displacement can then be written
_- A 2 »7% (16
7 ems)=Z [ (] Gt Pl o) 2 |

e




For cases of light damping this equation can be integrated to yield2 {(not—

ing that for most practical cases Cuwww. . ) 1s approximately constant
over the integration interval and can therefore be taken outside the inte~
gral)

Come (o) i ] %

[17]
g/gwwmz L

o <
*“"79;{’,%’/%.?):1 -

where - the sum is taken over thoge modes which have their resonances in the
band .2, to .2, . Since the spectrum of acceleration is .Jmﬁvv,.(gm) . the
RMS acceleration can be written ' <4

/
i lid ) P Cdopns ] 2

&P
Note that in all the above calculations the Zjm are the normalized mode

shapes, i.e. —

where Zjm are the umormalized mode shapes.

Q}— (Ers) =

[19]

Simplification of the Cmm (w)

Let Cl“hnp)ﬁggw)c;n.(u1>, where p,(W) _is the auto spectrum of the input
pressure. It has been shown by Powell™ that for structures with sinusoidal
mode shapes, such as simply supported plates, which are excited by random
forces in which the cross spectrum falls to a small value in a distance
which is small compared to the structural wave length then Cmm(ed) is not

a function of the mode shape. Moreover Bozich4 has determined Cmm for
simply supported and fixed plates and has found that Cmm not only is a
constant function of mode shape for correlations which display a sharp
cut~-off but it does not vary much with frequency. For a large number of
practical cases the correlation will take one of the following forms:

G(Se)= kS [20a]
7 £5 where f’/Z,-Z;/ or
GlEw) = T, (RE) [205] =a/sh-4]

i

G () = € Fcapgs  [209]

in which &, , &, are two longitudinal coordinates on a structure and ¢4, ¢/,
are two peripheral coordinates.

For the unstiffened shroud shown in Figure 1, it was found that

éﬁ;wm,(@u) 2z 2xjo? (in 1b.,inch,sec. units) [21]

The Cmm did not vary much with either frequency or mode shape. In the cal-
culation of Cmm egquation [20a] was used. Separate calculations of Qg(fag)
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from equation [20a] showed that it fell to a very small value (of the or-
der of 1077) in a distance which was small compated to any of the modal
wave lengths that are shown in Figures 2 - 8 and the other mode shapes
used in the computations.

A list of Cmm{@w) are shown in Table 1.

Table 1 Cmnm(w) Values for Unstiffened Shroud

Frequency (cps) Mode Cmm (W)

160 25 1.98 X 107
160 31 1.98 X 107
160 30 1.98 X 107
64 13 2.25 X lO7

64 12 2.20 X lO7
128 12 1.88 X 107
64 10 2.20 X 107

64 11 2.23 X 107
2000 32 1.79 x 10
20000 32 1.78 X 107

In terms of Powell's correlation area3 and joint acceptance3 the Cmm can
be written as follows:

2..

/mw [22]

C' o () =

3
: £ Ae
A

Whel’.‘e ?,%w = 4‘ [23]

in which Ac = correlation area and A is the actual shroud area.

A list of the calculated jmm values is contained in Table 2 for the un-
stiffened shroud.




IIT.

Table 2 Joint Acceptance Values -~ Unstiffened Shroud

Mode m M Crnm (L) Jmm2
25 .0176 , 1.98 X 107 . 0646
31 .0173 1.98 X 107 .0635
30 .0172 1.98 X 107 . 0631
13 .0212 2.25 X 107 . 0884
12 .0144 2.20 X lO7 .0588
10 .0173 2.20 X 107 ©0705
11 . 0306 2.23 X lO7 .1263

Using an average value of jmm2 ~= .08 [23a] it is seen that
Acjp = .3 [24]

Thus the correlation area is of the order of 30% of the shroud area for
those modes considered in the above calculations.

Based on the above calculations, an average value of ég‘z-.ﬁ will be used

in this analysis for both the unstiffened shroud shown in Figure 1 and the
stiffened shroud shown in Figure 9. as well as for the acoustic loading for
the spacecraft boxes on the inside of both shrouds. Since only the low fre-
quency behavior will be studied in detail in this report, it seems that this
should be an adequate approximation to obtain order of magnitude results.

Acoustic transmission through the shroud
A. General relations

Both the stiffened and unstiffened shroud are cylindrical shells. For
purposes of the calculations of the acoustic field inside the shroud, it
will be assumed that the shells have freely supported ends. The general
solution for the lateral displacement, 4Y, of a shell with freely supported
ends has been written down by Rattaya and Junger,5 it is

s o
(2 )‘{ZZ[%}::aff)mﬁ(/ #Uﬁ;[&)%&&]%&? [25]
Q)

Tp W=y
In this representation of the shell response it has been assumed that the
general external loading has been decomposed into Fourier components as
follows: (i.e. the loading has been expanded into a series of functions
which are identical with the mode shape functions of the shell)

P (2,4 t) :,S;Z; %[ﬁa;(ﬂ&eﬁq/ +jﬁ;[f)@wg¢]@ vﬁ% [26]

The Fourier coefficients of the loading are given by

*#This is a particular solution which satisfies freely supported end con-
ditionsg; it is the most general solution in ¢7but is particular in Z.
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£ ) 2 yars _
e s f T s el o ¢ /s -3 i
- n_ja 4)/79 (2, t) coz nefarvin e SRy

> Sl p T _ [27]
Frnlt) = ﬁflﬁafgaéf)m %49%’%’5&42449
The .2 and tiw.c?) can be written in terms of impulse functionségg and
JzJas follows: e

AGanlt) = j‘; 22 () R (3, =, =08 ) AS [28]

N
thn€t) = f Guzlb) R (5,2 -8) SS
If the component loading has the form

AT m&¢dw”’"‘—§ie’:“t [29]

The response will be

- ST S 30
and if the loading has the form
el [31]

Foh (2, ¢) ra,l,wﬁgﬂm%_‘?@% e’
‘ . e o o
Wpc2dt) = R, On R w)@ ™ a2, A [32]
fﬁ,auuiﬁ;J are the complex frequency response functions for lateral dis-
placement. They are Fourier Transforms of the impulse functionSJQL;and

/s respectively, i.e.

- st
Hor 05,5 00) = )/ Rt 0) € 2

the response will be..

[33]
The cross spectral density of the deflection,¢3ﬁ can be written (by de-
finition)
e
o~ ) -l
w2, 3 (/LJAJ)=2‘".'/(M6¢,J¢4 tlorleyd, £+7)> € o Z [34]
ey .

where T
_ | SA> =Ly 3 [AAE
Using the previous relations -
o et od (=]

AT (8,20, ), DV H D PO 2. e TFE . TR [35]
R ) Ao ?0:;3:0
_94/[ VRSt V2 (t+7) > Cn R cad o)
< Usnlt) &;',,—f—_(ﬁz:) >44:ﬁ£¢/;447:¢;_
* URR ) Vpp(44T) Samind, Coddd
s F<Vislt) Upp i )> enind, an g4 ] T
F =/ . Ny T gea .
}:4( PR € =3 [ et o5t T [T, 1, -t S
2w ] - s
VREES fonztl) = i [ 500 d,8,) cn mpain ety rtb, = tBT  136]

We assume that the procegs is stationary so that the loading will be a
function of the difference of the times é%g& ; let this difference be de-
noted by 2§

Now

-




Ly = Co=, = (tathy+7T )=t -th,) = tt,~th + T

then g zv 2

jf 77! /Mvmﬁg,d% /W?ﬂfﬂgbﬁyé’@&’hﬁﬁdﬁ @@f%diq/] X

[37]
{/z’/duﬁ%j /”‘”““)ﬁu/ﬁg!ﬁ)C L~ pte, )
[l oo 27,/¢ A=) P&, 4, t-o n)a/t]}
— g4 e
I-, = ;;z/w 7‘2'5/2/@-—»7?:’{2_2-/2‘_ @B%C/dd Cdlf%ﬁ/qﬂ‘_ [38]

[fjw/::v\,u)ccwudu _7[_4‘4 (,}, f‘a”z)e :.waf?/”&]
Z/[—{e-ew» TBsa zr/ y Xo- M- U:)Pfiﬁ,,q’;,t M,_,-}-T)z//t]@ 36/2‘3}

Since the process is stationary the correlation function is only a func-

tion of &, — ¢, ., or it is only a function of Z3. This whole term :Ln{}
the cross spectral density of the loading - denote it by Sg (. (2, d,2,,4,=)
- £
Then
JZ,--%? <wmwauw?bdgb/;um.%%;L?d%» Caxhqqa@{/zbuf¢&a2/ >
[39]

[H/w/mf W)][/L/M/?g f} w)] [J—f g4, Z‘)‘/‘-;“]

Thus

/(«/;w/tw;;(yz»e T = Mol 3yes) HY (8§ ) C’,,,;;;Jﬁ

Y PP RY SR 2 _ _ _
‘W’? w/ / / ﬁ “ '7.»571“)"*"*%’55“"*%5‘“‘777@{7’»‘/4’;’77454’71
_JGA;;/&) ,,7,(64 2)> e = K, 6o 5 ) K2 (7§40 et et w0
Cotastisg WJ/I ﬁfmm o o B 55, iy S A

_/C%Q&,[fjif%{¥¢¢0:>f‘ a@f ﬁ::ﬂh~mAU)/édﬁéﬁzgu%)CLt;mﬁﬁf

is

waw i’? “ript /7/ j-/f‘? %U)w%%@%fﬁ%ﬂéé:/ﬁdf/ﬂ

f<a/:h,/+) z,/;%/ém»e”“’“ AT = Hu/w, B,e0) 7278 4, 00) Cuaz A Urg

ur
C‘,\}:_U»- ,7[// wré, TR /&, ..
) 51,5, 5, po)oe ———Mw e §, con i, fﬁ/yj/,sj,/ﬁ
The response functions for lateral deflection are equal, i.e.
H,, = K- [41]

(This can be verified by using the basic differential equations for the
shell}




e
Thus, neglecting product terms such as Hy{(m, n,w)H%*,(p,q,w) we obtain

s . 4T 42
P N RN BT S . P RV N OV [42]

61%(2,,42,2.,, d, ) =¥ CF e, 0,8, 4 )

dm,belng the cross spectral density of acceleration.

‘The solution for the internal pressure field follows directly from the
analysis. We just have to remark that for an infinite cylinder each struc-~
tural mode gives rise to an acoustic mode inside which has a longitudinal
and peripheral pressure distribution the same as the shell radial displace=-
ment. The auto spectral density of the pressure inside the cylinder at .
point r,gﬂ, 2 at frequency w can then be written

Prlrd 2, )5 27 2w LR ) Hy om0 X [43]

where Hpi 1is the frequency response function for internal pressure, i.e.
if the pressure on the surface has the form
s WL -

7 (2 dt) = Corrgf o "TEF " [44]
then the pressure inside will be determined by the elastic vibration of
the wall and the coupling to the air inside and will be given by

— — * o 'wt
7 (hdzt) = Hp, (w7, w) caidfas 225 ¢ [45]
Consider the average internal pressure over cylindrical contours inside
the cylinder at various distances r £rom the center. If we integrate over
the area of any of these contours and divide by the area we will obtain¥**

[46]

[72; ("Ju)]Ave x ?JW:Z:‘ Z/Hfa'('j”’::":)w)/z[cﬂkaﬁa*c%i‘/&“]

*Product terms are beéing neglected in order to reduce the problem to one
which is mathematically tractable. In reaiity product terms are only small
if the natural frequencies of the structure are well separated and if the
damping is small (i.e. each resonance peak is high). For the time being
since we are locking for order of magnitude answers we will neglect them.

**Thig same average would be obtained from [35] even if cross product terms
were not neglected.
~8—




At this point it is interesténg to note that we have considered pressure

proportional to 81n’?%§ which corresponds t%?an open ended shell, thus
Pidaue = Aveinge Spectoas Density = [[in*ig2 > 47)
If we had considered a shell with closed ends
7. ) 4e Nd/éa_“’igjg — 2 (48]
For one end closed and one open
(7 ave ~/‘”‘ > iadd [49]

So that (p)aye turns out the same for various practical acoustic boundary
conditions which are physically quite different from each other.

Calculation of the frequency response function for inside pressure

The Flugge equations of motion for a cylindrical shell can be reduced to
a single equation by neglecting longitudinal and tangential inertia. This
equation is as follows:

vazvf +6“,13 o~ 1201-0%) Qhr _,_2/2—;))&&2?»" + L 2% +2l)gz‘.9.€’.'f—"-"

Zoay> T T GE Singatar 0 £
Doer  2/4.0) Q%r , 2. 9% 50
* Eoanprt o mopt o 32/ .
~pRSE ‘;ﬂ@%%t) 2 2 e)

2
where P = E4 ol rmo)
1) = /Oa/::cm.‘_r /‘e&/‘/'o
—»ﬁ C7/:w‘\5/¢-—- +A:.clfme:_r
f@2¢ﬁ) = @X?‘éfﬂq//prerf‘uré‘ at rzaq  (F e ;-5 /,C,-;-,\,,C)
ff(ﬁ&&f) sinternal acoustic pressare ot reoe (reactio n e e )

]

v~ Fz rnverre oF 7F

szfﬂay )L;

The fluid pressure on the inside of the shell, 75 is the solution of the
wave equation
z 2 - .
< Vﬂ‘;'jﬁ‘ [51]
where. Ci is the sound velocity in the air inside the shroud.

The solution for the Fourier component lateral displacement in the mnth
mode can be written

_ _ ’ T - el
s = Cope 2o TP iy € [52]

and the solution for the corresponding pressure inside the shell can be
written
5" - Coan T3 [53]
(7‘9-_75": ),y:;; = 70%\—\(}“") m%gﬂ W%%E @“w
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The function pmn{r) can take on two possible values as follows:

£ Py s Y str) = O T B’ r) [54]
Ty < “Yp, /Qx:/r) = D k- r)

e >u ‘ o = PRy [55]

where ;? = i o

4=\ R
The constant Dmn is determined from the boundary condition at the inner
surface of the shell

wiznn o, 2) = S P ) [56]
Pl I o
Thus .
P lr) = feCiz desor)
[57]
where s (r) = ‘7?:/’6”) fr S > $al7
Trl, ») -
= .Tg;, /iri’) P [~y g,
Iﬁ_‘/er) Jé /(;:< /é
In order to determine the frequency response function as indicated in
Section III A 7533%;WtJ is set equalito the mnth modal component as
followss ’ _ )
P lazcpt) S Con b oin RGE T
7 [58]

Combining ([52], [53], [54], [57] and [58] with [46] the space averaged
power spectrum of the inside pressure at r = a can be written as follows:

[ﬂ./a,w_z =452 2 ) e/ CRA [59]

where a2

4 s
//‘/';/z = /P)/Z)/»:;. VEYA [60]
in which o I/l &) J £ >'a77
e o[- T (R 2) + g Tillo) | T ey
= e (4, ') F K< T

“[Tow (B4 + = Taih ) ]

/§/z:2f/ “[/ﬁ;:)%f }{1_5%_‘2-')} [sz__ o2

Wiz = LDy [ ke BB (M 4 £ (0,40, 0,)
62
4% =B-en W[Z(énw)%/ﬁ;ﬁ“ém)aj - «2&%@3%@)% Lozal
D3 [2("2 \))4«:‘/(%”-&_) ],,. M{%’mf; 2)(%77’4.)
= CRrac)o, s b, = frEgey ]
-10=




*
For the . correlation function given in eq. (20a), (see eq. [46]),

C- = af(’;ﬁ%ﬁﬁ HC — e ] :

Iv.

v [e4]
oy
= &, a/f"4”~4?§t?/‘4”dé2/%‘% ‘ fmﬁfh 7 5
. ”10/!0 "_/;’.f/ ’eé/,’. »71 2 7 ) .___.?—/e Ca}*bﬁ? ‘71.)4}?5/54/7,6/7:—
B = %S 5 ) ez ) ST [65]

f (i)
Response of the unstiffened shroud

A sketch of the unstiffened shroud and inside spacecraft box is shown in
Figure 1. The division into grid points is also indicated on the sketch.
For purposes of computing the finite element response, the shroud was
divided into 80 grid points and the spacecraft box into 60, giving 140
grid points with 420 degrees of freedom (i.e. three displacements at each
grid point).
A; Structural path response
Let us focus our attention on the spacecraft box and its attachment to
the shroud and compute the response of two corners of the box due to

an outside pressure on the shroud and the attachment point to the
shroud, ¢In section IIA the RMS displactement (eq. [17]) was found to

be . ,
Cormn () 2o > %
7, (R175) =[Z ) 2
It was decided in Section IIB to use a constant value of Cmm(Ww). It
will also be assumed that.ﬁ@u he model damping ratio, is also a con-

stant. Taking Cmm andw&m,out31de the summation we can write zG(RMS)
in the following simplified form:

Letting ?mrm (wm‘.,) = 6/79 loa) ﬂ“‘v:ﬂ’

(’A’M:) [579.(««) Z Z}w ] /C‘ Pa(w] [7.:77 [66]

,Similarly the RMS acceleratlon can be wrltten

Gy errs) = [_Za:fr’_f /_w,,,j [ j [ 7] 67)

where Tsw is the structural path transmission coeff1c1ent for displace-
ment and Tsa is the structural path transmission coefficient for accel-
eration. The transmission coefficients Ts#+ & Tsa have been computed
for several third octave bands.

A typical structural transmission path would be from the bottom shroud
ring through the truss bar to the bottom of the box and then through

the box panels to the top of the box. Therefore representative results
can be obtained by tracing the response from a point on the bottom ring

[

*See Appendix I for the evaluation ?{ this integral.




{(point 79) to a point at the bottom of the box (point 129) and then to a
point at the top of the box (point 81).
The results for several third octave bands in the low frequency region are

shown in Table 3 together with the contributing modes. Some of these con-
tributing modes are shown in Figures three to eight.

Table 3 Structural Transmission Coefficients for Unstiffened Shroud

1/3 Octave Modes Con~ Point on Component of Eg%_ Tsa
Band Center tributing to Structure Displacement 107 10
‘Freq.-cps The Response or Accelera-~

tion

64 10 - 13 79 r .55 12.57
@ .16 4.86

2 .008 .18

129 x .29 6.48

.29 6.58

2? .01 .22

81 > .044 .95

. 044 .96

g .0l .24

160 25 - 31 79 r .0011 1.16
& .00037 .396

2 .00061 .49

129 x .0011 .82

éL .0011 .81

z .00015 .81

81 x .0059 7.43

> .0059 7.51

2 .00039 .49

640 100=110 79 r .000098 23.12
o/ . 0000093 2.14

2 .000073 19.78

129 z .000048 8.70

2} . 000051 9.18

2 .000016 3.64

81 x .00022 44.85

?> .00023 46.97

Z .000012 2.44

Referring to relations [66] and [67] and noting that both 2’ and ;3’are con-
stants (independent of frequency) Table 3 shows how much greater the dig-
placements are at the low freqguencies. Since the acceleration spectrum is
essentially w* times the displacement the acceleration at the higher fre-
quencies 1s in general, greater than at lower freguencies. By tracing the
displacement and acceleration transmission functions from point 79 (at the

~12-




bottom ring of the shroud where the truss bar is attached - see Fig. 1) to
point 129 (where the truss bar is attached to the spacecraft box) one can

see how the motion is amplified or attenuated in structural transmission.

One cannot (and should not) determine a pattern as a function of frequency
because this will be determined strictly by the character of the structure
and its modal content in the frequency band being considered.

B. Acoustic path response

The figure below illustrates the transmission

e e —
ptv) YACY,
[ o
R oot
e ot
—d 3 oz
—_ nalll P

Acoustic Transmission Through the Shroud

of acoustic waves from the outside through the shroud to the spacecraft.
Equation [59] 'gives the average acoustic pressure spectrum at the inside
surface of the shroud. The response of the spacecraft box due to the
acoustic waves transmitted through the shroud can be written as follows:
(see equation [16]),assuming Connn = C ' = constant,

—-n-v.

vy
v s A SRLZ 2 m—”‘d’-”-] (e8]

-~y

q, (RMs) = ko (RMS) [69]

= center frequency
of band

i
where<ff%/w) takes on the parallel role for the box as c;%ad does for the
shroud. The ratio of the RMS displacements via the structural path and
acoustic path can therefore be written as follows:
4 / /
G5 (8BS )strnct, N CBPIS )epyuct, / E o) ]/2—
- Y = [70]

Oj(/QMJ)AraM.ﬂ‘: /Z-' KBMS )/4(&“;/“. é‘l 7;/0.1)

The ¢! and T can be written in terms of correlation area as follows:
(see equation [22] and [23])

4 Ac A* L Ae A*
C !4 2SS bt 3 ( é)“))ﬁ’a;‘ [71]

*
i.e. the ratio in one frequency band

-] 3w




It seems reasonable to assume that the ratios of Ac/A are the same if 3
reverberant field is outside the shroud. Since M is the same for both
shroud and box (i.e. it is merely the modal mass which itself does not
change radically in the lower modes)

4
/79 (R1S)sdruct, . Aj’/n—amo/ 7% /‘*)) = [72]
/17):(/2/‘75) A(aur?‘, A‘/sax X ﬂ'(bu)

where | Ashroud is the surface area of the shroud and &Box is the surface
area of the box.

For the unstiffened shroud
AShwev\d - 3,(/ [73]
Aﬁo)(

The ratio of7%¢; is given merely by equation [65] and is the acoustic
transmission function.

This acoustic transmission function is given in Table 4 for three
frequencies in the low frequency region. ‘ '

Table 4 Unstiffened Shroud - Acoustic Transmission
Function for the correlation function given in .eq. (20a)*

. ) . , (47 ').Yd‘rmc*
Frequency T Noise Reduction T Fi;:;:;+‘
(cps) (db) (Resonant
64 .17 7.7 Modeg plone) 8.8
160 .09 . 10.4 .010 12.0
600 .06 12,1 . 007 14 .4
By using equation [72], [73] and the values given in the table, it is

thus seen that the response due to the acoustic path transmission is only
a fraction of that due to the structural path transmission at the three
frequencies considered and this would undoubtedly be true at all frequen-
cies in between those considered.

V. Response of the Stiffened Shroud
A. Structural path response

A sketch of the stiffened shroud and inside spacecraft box is shown
in Figure 9.7 The points to focus upon are point 1 (which is the
point where the bottom frame is attached to the truss bar, point 121
which is at the bottom of the box, and point 73 at the top of the box.

The results for the structural path for several third octave bands in

the low frequency region are shown below in Table 5.

*These are transmission functions at a given frequency and not third

octave band values ~14-




Table 5

Structural Transmission Coefficients for Stiffened Shroud

1/3 Octave Modes Point on Component &f Tsm Tsa
Band Center Contributing Structure Displacement lOm6 103
Freq.~Cps to the Re- or Accelera-
sponse tion
80 1 -3 21 r .10 5.54
Z .. 027 1.14
2 .0000036 .0002
121 x .13 0 6.97
. 54 33.1
g .0004 .022
73 z .04 2.13
.55 33.5
é: .0006 .033
100 4 - 6 1 r .00026 .05
e/ .0056 1.04
2 .00072 .14
121 z .11 20.2
.4 62.1
‘g .0002 .04
73 r.A . 092 17.2
s .38 58.6
Z . 00006 .01
160 12 - 14 1 r . 0017 1.95
& . 0055 4.33
= .0001 12
121 x ..0059 6.9
7 . 0004 .057
2 . 0054 6.29
73 2 .25 291
7 . 00004 .0004
2 . 0086 10
222 18 - 24 1 r .0021 14.2
[/ .000018 .077
2 .00012: .812
121 2 .019 149
7 . 000004 .023
> .001 7.7
73 . .0014 10.6
7 .0002 1.1
2 .0011 8.4
640 73 - 85 1 r . 001 243
¢ . 00015 42
z . 0003 58.9
121 & . 000002 . 534
7 . 000002 .539
2 . 0000015 3.84
73 Z .000015 2.75
F .000028 6.5
15— Z .000034 8.1




. Acoustic Path Response

The acoustic transmjssion function is given for the same center fre-
guencies in Table 6.

Table 6 Stiffened Shroud

Acoustic Transmission Function for the correlation function
' ‘given in eq. (20a)

Frequency T Noise Reduction (Q?) T 6OJShmd£
(cps) Theoxr. Exper. (Resonant =

: modes alone) ‘1U)A6uu*
80 , 000057 Zi%) = 0 ‘ 560
100 .000120 39 - 0 390
160 .006700 21 , - .005400 48
222 .003600 24 - .002900 " 65
640 .001800 27 21 .000870 93
© 1200 .005600 22 20 .000280 52
2400 .000550 32 33 ' .000011 170
Comparing the ratios of structural to acoustic path response of the
stiffened to the unstiffened shroud one can see the order  of the

stiffener effect. The effect is not in the structural path response
since this is the same order of magnitude for both stiffened and un-
stiffened shroud. The greater effect comes about through the acoustic
transmission function which is seen to be about an order of magnitude
smaller for the stiffened shroud than it is for the unstiffened shroud.
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each rib on the shroud (See Fig. 9) 16




Summary and Conclusions

The model that was built and tested was the stiffened shrou model.

The test results are contained in a previously cited report. In

Table 6 the experimental values for noise reduction are compared

with the theory presented in this report (see Section III and Appendix I).
There is good agreement between the theory and experiment for the

two highest frequencies in Table 6 (i.e. 1200 and 2400 Hz). Unfortunately
there are no experimental results in the lower frequency region

(below 300 Hz).

The results of this report show that the structural path dominates

the acoustic path at all of the low frequencies (i.e. below 2 Kc)

This seems to be at variance with the experimental results since

they show that the acoustic path dominates the structural path

below 2 Kc. The writer offers a partial ‘explanation for this discrepancy
‘below, but it is difficult to understand how the acoustic path

can dominate the structural path when the noise reduction through

the shroud is of the order of 20/db if the same coupled shroud-
spacecraft modes are involved in the response due to both paths

at a given frequency. :

In the calculation of the ratio of the response due to the structural
and acoustic paths, it was assumed that at a given frequency the en-
tire structure (shroud plus box) responded in the same coupled modes
for both paths. As stated above this assumption led to the answer
that the structural path was predominant throughout the frequency
range considered. It is apparent from the experimental data’ that

in this particular structure this assumption is incorrect and that
the box responded independently and with a different set of modes
than the coupled shroud-box combination. The fact that the acoustic
response of the box alone (when the truss bars were cut) accounts

for the difference between the structural path response and the com-
bined response (structural plus acoustic path with the bars connected)
seems to support this view.

-17~



Appendix I

Computation of the Joint Acceptance C,z.x

In Section III, eg. [64] gave the following integral:

CM" /// e LIGE /W'&-/’Z “hl o T E [I-1]
7207 LIS-5] Auio- ] 4M~‘l 4M~_j?f’4mﬁ1@;7J4@2?4%4%L

letting fff"f:. R AN

%-:)CJ-S& :l,) f%pzZL [I-2]
Ny =8, hpp=8,, T =8,
Thus
4_ . I N l. ’ezz_ ‘ £ a
C&‘«»J. ‘;r;;;x4ﬁ‘fo/o/o//‘d‘2:él %MW”X ka;@ﬁ%ﬁ/kdt;t/ﬂ&/ﬂ [I-3]

*
Using the results of Powell3 and White

y £ Qo (AL -nal
Cri =16 / Y7, AW Yol + 557 / ke 1+ [@aﬁ’ﬁ—ww) ) mrihm)—/]

e L franTr

M’L“"’r - C?;g- Lte +F H#l>nr [I-4]
ke i s (L

* é&x Cerr=1 b £ El<wrr

it w) inda-w1 °
xﬂ_ﬁ /d—wx‘/& +/¢"‘;_"‘5/)¢.]+ 2 [cen yrida-n)—1 ,_ca:n’/ééfw)—]f

ke Tl o—) Tk e+ )
The integrals are standard cosine and sine_jntegrals, for which

approximations are given in the literature

*P. White, Jour. Acoust. Soc. Am. ,36,4,784=785, (1964).
*% M. Abramowitz and I. A. Stegun, "Handbook of Mathematical Functions",
National Bureau of Standards, 1964,p.233.
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Appendix IX

Listing of Computer Programs

A. Program for CZaM% in BASIC Language

The first listing is for the (... program used to calculate the
Statements 20,40,45,48,70,75,78 of the program
the input values as follows:

values in Table 1.

ar
M
K

A

e

il

Q (1)

T (I)

X (1)

R (J)

U (J)

z (J)

N = Total number of grid points on the shroud

“g where o&J

(-
radius of the

= mode shape

= radian frequency
= gound velocity in the air

shroud

values for grid points 1 to M (these values are
given in statements 180-198)

= angular coordinates of the peripheral grid points (these
values are given in statements 200-220)

I

longitudinal coordinates of the grid points (these values

are given in statements 240-=258)

= mode shape values for grid points 1 to N (these values
are given in statements 300-318)

}- statements 320=358 are a repetition of 200258

The output consists of Gl, which is Comnn .

B. Program for 7}7

and

7s,. 1n FORTRAN

In this program the following parameters are inputsg:

Il = subscript of first grid point at which displacement and
acceleration are being computed.

I2 = subscript of last grid point at which displacement and
acceleration are being computed.

I3 = increment in the I subscript

M1l = subscript of the first mode to be considered in the deflection
and acceleration summation.

M2 = subscript of the last mode to be considered in the deflection
and acceleration summation.

M3 = increment in the M subscript.

H({M) = natural frequency of the Mth mode (radian)

P(M,I} = mode shape value of Mth mode at Ith point

The output paramesters are: DISU = 7;7 ;ACCU = 7}an

In this program the H and P arrays are given in the files as
shown below the main program. ~19-




C. Program for Noise Reduction Calculation in BASIC Language

The input parameters are given in statements 5 and 10 and are as
followss (the parameters in statement 11 are dummy parameters always
held constant and equal to the values shown in 238)

C5 = ratio of damping to critical damping

C2 = h/a, a = radius of shell
h = thickness of shell

E
ClL=c/C; +Cp po-o5

E = modulus of elasticity of shell
= Poisson's ratio

Ci= sound velocity in air inside shell
C4 = a/1l a = shell radius
1 = shell length
Pl = .
min
P2 = m o ax m = number of longitudinal half waves in vibration
P3 = m pattern
D = (Poisson's ratio
Q = N ok n = number of circumferential waves in vibration
pattern
Tl = 1.57 constant for all cases
T2 = 1.57

Rl =J%<?, JS; = density of air inside shell
P o= density of shell material

H1 = 1/C2
K5 = (%“%c:) .
min
K6 = (k%&)
max
R7 = A (%) ¢w = frequency

The output parameters are:

C3 = “or,; (printed out for information - it is an input parameter)
T = pi/pO transmission function

T5 = noise reduction in db

T8 = pi/po for resonance modes alone

T9 = T8 expressed in db



Program for C
mm

1O DIF 8003017030y UCHUI >R {4U)s4C(80U)
U READ MsNsds s
3U FOF [= 10T3 M
40 BE&D i)
45 REAED TCIL)
43 READ XCI)
50 VEXT I

6C FIOH J= 1 TI N .

TO RELSD RO
75 Fral UCJ)

T4 ke 203D

sU NEXT J

35 LET Gil=U .

30 Fdh Ju= 1 T N !
100 POR I= 1 1D ¥ ’ ’

110 LET C=STNA4A%eBSCUCUr=TCLI)+%50001) ) /(K% Aa%aE5CU0d)=TCI)+eUuuL))
120 LET dA=SINCA“EG50ACu) =40+ 000 Z7(A¥AaBRS(L(JI=-XCI)+-UUUI1D)
150 LET Gl =Gl+LCII¥R(JII*GAd* 11444 '

140 NFAT I )

L0 MELT J

160 PEINT "Cl="3C1

170 DATA S0-543Us e 03U35 133

140 DAETH =3e5065~2645385 e U013 T52e4653953e528355805045 «USHBLs~2edD

132 DATE =3650Ts =~ edIs~e0ldsCell€d3s3edI 15264435~ 04135=2e5U0
134 DATA =16U9ds=e 1Tl e0ULEZs 1 T851e1UYselYsebllils=0136

136 DATA «1e105s=e2U0ls=lUUBPTs 619 Ts1ellBlsel3ds=el377s=e156

1434 DATA 1660513455 =eUl455 =135 =166455=1e855=00UDYsl 5886
190 DATA 146445163259 eUUIBs=1ed1bs=~]1eb668s=Le33s=0ULlsloed97

192 DETE 406155364355 =e02685=3¢5165=4e6015=3e651s=e015155:518
194 DATA /445335304845 «U0LlUEs «3e46T5-406U85-3+5065 0031530541

196 LATH 683665407505 =030 T7s=4eTI4ds5~06e3T1ls~4eTd9s=0U4547T53
123 DATE 6356547335 001455467635 =681 ~Ue755 U39 7542308

YUU DATA «UUULs e3935 e 7865 1e17951e5T851e365520353520751

c02 DATE 5144365375369 354:3238354:716551095505U25H:895H

U6 DOATE «UUULs «333507865 1017951 e578516965520358520751536144
S8 DATAE 3058753623046 358546T165561U95505025 56395

210 DATE «UUUL1»e393s o T3651 1795105785l e96552e30352eT75153e144
212 DATA 3653753¢93UsUe32304¢71655:1U955050Es5e8955662843

214 DATA «U00Lse3935 078365161 7951e57851e96556:35852¢7T51536144
216 DATH 3537539305438 354716355:1U255:5025B5e39556.283

218 DATH 000153735 « 736511795 1ebT251e96052e3085207b1ls3144
220 DATE 365375 53¢33054e38354¢71655:1U955e¢50255e835506.288

240 DATA 0001500015 00015 U0015seU00ULls eUUULs «U0ULseUUUL

42 DATA U001, 0001500015 00015 U0ULls«UUULIs0UULsULUL

244 DATA 16:£85516:25516¢25516625516:85510:25516:255166E5

2046 DATA 166255166255 16625516:25516:25516:255,16:25516.65

243 La&TsH \52&593205;3265£32‘65138e53&803)3205:6‘&05

Y50 DOTH 32:5532:5532055320553265532655326553205

252 DATA 4%e 755 4% 75,48 « TH5 48 ¢ 75486 755486 TH5 43« 74875

284 DATHE 48375543 75543875548 ¢ 755458 « 15548 1Hs48 e THald 75

2586 DATA 65565565:65:65:65:265565
254 LETHE 65565565:65:65,65565565

[\%]
-




300 DATA =3:5065=-2¢4585 e (18752640395 3¢52352¢5045 e USB61s=-2e45
QUEZ DATA =3e5U075 24925 =0014252046853ed491sZed4d35=eUd135=2e503
304 DATA ~1.094s=e1715e00125e1785101095¢195e011ls=2136

306 DATA =11055=eC01ls=~e006T56197510U081s¢1395=e037T75~0156
30(5 DATQ 10660’10845,"001453"105‘59,"1c645)'1odb)‘oUUSE?J1-(566
310 DATA 1644518255 000185-1:8155-1¢6685~1e83s=e0L15100897
312 DATA He6155304855~eU2625-305165=40601s=3¢513=0015123e513
314 DATA 4593534845 01025364675 -4060U83~365U65 0UILs30541
516 DA'IA 60566:4-752:'0[)307:‘4-794)"606711'40’159)‘0()'44)4!075\5
318 DATA 6856547835 01455407635 -6¢355=46T55U39 754808
320 DATA 00015639835 673651617951 e57251e96552e358-2¢751

322 DATA 361445365375 369354032354671655¢10955:50855.8335

324 DATA .UUOI‘03931-786:10179:10572:ln965:2-355:2i751:30144
326 DATA 30537:30930:4-323)4~716:501U9:5¢5031 56895

323 LDATA 00015633350 73651e17951e5T7251e96552635852e 751531484
330 DATA 36537)3-930:4.383’4-716:50109:5:502:595’95:6-2;5& :
332 DATA .UUUI)-393:0786J1-179:1-572:1-%65’2-355:81751:3-144
.334 DATA-3¢53753693054e32354e6T1655610955e50E55e8955602838

336 DATH +00015 393507836511 7951657251e965526358s2¢ 751236144
338 DATA 3e¢53753e93054¢32354eT1655:1U955.5025589%560288

34U DATA 0001500015 0001500015 000150001s0U0U01s0001

342 DATA -UOQI).QOUI;.OOUIJ-UUUI:-OUOI:oUUUl:oUUUl:-UUUI

344 DATA 16.25)16085:16-25:16-25:16-25)16.25:16-25:16}-25

346 DATA 1662551602551662551662551662551662551662551625

348 DATA 32-5)32.5)3205;32~5:32-5:32-5:3205:32-5

35U DATE 3265532553255 3265:s3265532:553205532.5

352 DATA 43075)45-75148o75)45-75)48075;4&:75146075148075

354 DATA 48 eT5543 755480 75548 o 15548 0 TS5 480 7554807554875

356 DATA 65565565565565565565:65 '

358 DATA 65565565565,65565565565

600 END :

output

Gil= 2.24563Ex7T = Cmm

22




1G
40
50
6U
1O
8 U
9 U
oo
ilo
10
125
130
135
160
17U
130
130

Program for 7347}7;&_

10 DIMENSEINY ACi3)sPC1359)

20 DATA I1512:,13:sM1sME8,M3/ 1535151513517
25 CoLL JFENC4s ‘FILED ®s I NPUT %)
2% CALL JPENCZs FILEB s “INPUT %)
30 DI 14 ¥M=M1,MZ2sM3

50 RELDCEYHCM)

60 14 UINTINUE

70 D) 21 I=11,12513

AU D) 21 M=MlsofesM3

U0 BEAD (4) P(MsI)

1060 &1 COYNTINUE

110 DISU=0

120 &4CCU=U

130 D) 85 [=11sie513

P40 D) 28 M=vl,M2,M3

150 GM=pP (s )72

160 DISU=DISUFC M/ (HCM) T3

190 ACLU=AECCUHCGM*H M)

2180 29 CIONIPINUE

210 WRITE (6% 1,LISUsALLD

12 UIsSu=g

14 ACCU=U

250 35 CINTINUE

260 CALL CLISEC1s4)

270 END

o

[\elhel

DIMENST )N P(13s9) .
DATA P/elA385=1el16685=alU0Td55¢U395=0Ules sUULT53e6692=2e58335 %
26535 U295 =1eTlds e 3UlUs =1 e3955=eb6Tls 1055 eUbT6s=eUlTTseUUTHs A

0 1385 e Ul s ~a3Lhs 2515864695 eUIUYs ] 06545 e3T4s=ezbbs=CeVYls 4
—e 140523732 =20U405 e UUBOs =0655 o l13S5 ¢34 I s e 3545 s UZ66s e UBBs o LUSs i
U0y = o (55 =s U025 e USTEs e 1355 =alllUUlds 635 =etU3555 eU231seUUT1ls el
=~eUSHs eUl T8 =eliSbLselUlcds=eclUUFls e UBETr e 2lBs=elbZ0s =elUBLs=eUD39s A
cUU3Us = UTU55 e 0TI =0 l3s=01335=0UU395 e UldBs=eUUlIs=alUBTUs~abUULs 4
e 00035 e 5025 ~e5665=05935 0 UU46s=eU3Tls=0UdT1lsel865=01U04s~0T765%
o306 =06135 &) Tse0UUTs el 175003265 U33500895 sUlLLs=sUZIBs 0y 4

~e 7695 a31l65=0UUY) 56071 e8Ts=eUT1ds e 3665 U335 5245 ~eUB3s 62945 %
e l6ls=eB5I) s o UlEls e 483656 Ul Ths=elbrsmolU398s=aUlUSs e 7325 =07 1ds
=34l =oUBdds = UUYHs - U345 U241/

CALL JIPENC4s *FILED s OUTPUT %)

WHITEC4) PP

CAlLL, CLISE (4)

END - N

10 DIMENSION HC13)

©U DATA H/3532:053603605371Te0s37970Us38U5eU,39U6e0Us3323:U5 4
30 33596053379 eUs4UB1eUs U3 T TolUs )l elsda36U/

160 CaLL OPENC(EZs “FILEL *s JUTPUT %)

V70 WhITFC2)H i

130 CELL CLISECS)

190 END
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Output

\DD,\:O\U)butlt'—-

sy

0+10540 7E -0
Ue 146731 E=09
0.316931k8~09
022321181
00195716E~11
Ue 154279E=10
Ue150616E=1¢
0+284583Kk-10
0¢344523E-10

24

’sa

243179
480604.4
58913.6
534.63

539.243
38381
E747.93
6486.82
8104.61



Program for Noise Reduction

2 DIM CClU0s20)50GC100,20).FC100520)
3 DIM T{5035-J050)

5 READ Ls,cg,cl,ca,Pl,Pa,ya,D,@
10 READ TlsT2sKlsHlsKSsK65K 7T

11 READ L9,Y

12 FORK C3=K5 TD A6 STEP K7

39 FOR P=Pl TO P& STEP P3

42 LET C6=P*3.1416%C4

45 IF C3<C6 THEN 51

43 IF C3>C6 THEN 66

51 LET Z=SQE((C672)-(C372))

54 FOI I=0 TO W

57 LET G(P»I)=1/SGRCCI™2)+(Z" 2))
60 NEXT I

63 GO TO 90

‘66 LET 2=SRR((C3"2)=(C672))

.69 GOSUE 516 ’

72 FOR I=0 TO Q

75 IF I>Z THEN 84

78 LET G(P:I)—1/((-’*d(1+1)/d(1))+1)
81 GO TO 87

B4 LET G(P,I)=1/S0RCCITEY=-(Z72))

87 NEXT I

90 NEXT P =

104 FOR P=Pl TO PE2 STEP P3

106 LET C6=P*3.1416%C4

108 FOR I=0 TO & .
110 LET D7= ((C672) + (I72))72
115 LET D8 = (C674)/D7

116 LET D3=(2%(2-D)*(I"2)/(C6~2))+(1"4)/(C6™4)=2%D*(C62)
118 LET DA=D3=6%(1"2)=(2¥(4=D)#(174)/(L672))=2%(176)/(C674)
120 LET D9=DE*(1-L7&)+08333%(CR72)*(DT+DB*D4)
130 LET RO=C1¥SWH(D9)

140 E2=1-CCC3/R0)"2)*( 1+CR1#GCPs 1) /¢ C3#C2)))
141 IF AESCE2)>2%CS5 THEN 145

143 PRINT"RES";"I=";1;"P=";

144 LET E7=1/C(E272)+((C3/R0)#2#(5) "2)

145 LET E3=(C3/R0)#*2%C5 |

148 LET A9= (E272)+(E3°2) :

149 LET A1=C3/C4

151 LET A2=P#3.1416

153 LET X=Al+A2

155 GOSUB 600

157 LET Ul=Ce5/A1)%CS9+(CISIX)I/KI=(1/A2)%CY)
159 IF A1<AZ2 THEN 167

161 LET X=A1-A2

163 GOSUB 600

165 U2=(.5/A1)#(SY+(COS(XI/XI+(1/A2)%CI)

25




166 GO TO 173

167 LET X=A2-At" .

169 GOSUB 600

171 U8=Ce5/813%(59+LCOSCXI/X)Y=CL/02)Y%CY)
173 LET J8=Ul+UZ

175 X=3e1416%(C3+1)

177 GISUB 600

179 LET V1=59+2%(COS(X)~1)/X

181 X=3.1416%ABS(C3=~1)

183 GOSUB 600

185 LET U2=89+2%¥(CIS(XI~=1)/X

187 J9=C1/(31416%C3))#(V1+V2)

133 B9=JB#*J9 -~ -
200 F(PsI)=((C3/R0U) T4)*EI*ET#(RK1™2)*(H1"2)
205 C(Psl)=C(C3/R0) "4)*B9*( 1/A9)*(K172)%(H1"&)

203 ET7=0.

210 IF (RI1#GCP,1)/(C3%C2))<e5 THEN 217
- 214 PRINT "CAU-RES“;"I="3;1;"P=";3p

217 NEXT I

220 NEXT P

223 FOR P=Fl1 TO P2 STEP P3

224 FOR I=0 TO w

225 LET T=T+e64%C(P,I1)%CG(P,I)"2)

£26 LET T8=T8++64%F(PsI)*(G(P,1)"2)

227 NEXT I ,

228 NEXT P E ,

229 LET TS5=10%LOG(T)/(LOGC10))

230 LET T9=10%LOG(T8)Y/CLOGC10))

231 PRINT "C3=";033"T="3T3 "T5="3T5;"T8="3T8;5"T9="319
232 LET T=0 '
Z33LET T8=0

234 NEXT C3

235 STOP o

236 DATA U055 6005445105 6254580545 3520
237 DATA 1657516575 e 0U06B45 18455:25565 7
238 DATS U» 0054

239 LET L(M)=0

‘240 LET L(M=1)=10"¢=-L9)

950 FOR I=M TO 2 STEP =1

260 LET L(I=-2)=2#CI=1)%(1/Z)*L(I=-1) +L(I)
2970 NEALT I

275 LET S$3=0

980 FOR I=1 TJ M

290 LET $3=S3+2%L(I)

300 NFLT I

310 LET S42EXPC=Z)*(S3+LC0))

320 FOR I=0 TO ™

340 LET HCIY=CL(I))/s54

360 NEAT I

370 RETURN

26




516
517
514
519
520
521
522
524
525
526
523
530
532
534
536
540
542
600
605
610
615

620
625
630
635
640
645

650

KESI=
RESI=
RESI=
KRESI=
RESI=
RESL=
 C3=

5%

LET #M=2%INT(Z)

IF M=>2 THEN Siy

LET #=2

LET T(My=0Q

LET T(M=13=10"(=~L9)J

FOR I=¢ TD & STEP =1
LET TCIL=2)=2%(1=-1)%C1/Z)
NEAT I

LET 5=0

FOi I=1 TO M/2

LET $=S+2%T(2%])

NELT I :
LET S1=S+TCO)

FOhR I=0 TO ™

LET JCI)=(TCI))/51

NEXT I

KETURN .
JI=(X"a)+T7.241163%(X"2)+

Je=(KT4)+I . 06858*(X72)+ 7

FS5=J1/(X%J2)

J3=(X 4+ T 54T4TE*(X™2)+
JA=(X"4)+15.723606%*(X"2)
G5=d3/((X"2) % J4) ,
S9=1¢5708=F5%C0S(X)=G5%S
C7=F5*SIN(X) =G5%C0S(X)
C9=CT7~LIG(X)=e5772157

RETURN
END
Output
14 P= 4
13 P= 4 ‘
7 P= 12 Modes which
16 pP= 12 ‘half power p
e P= 16
13 P= 16
25 T= le.617U1E=3
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[5==27.9129

®T(L=-1)

T

24463936
2157433

!
1.564072
+1lz. 723684

INCX)D

are resonant within the
oints at €3= 5.25

r's

\

2e546TTE=~4 TI==35e94U1
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Fig. 6 Mode 25
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Fig. 8 Mode 30
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