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1,0 PROBLEM DEFINITION AND APPROACH"
4Ir'1 view of the advances made in recent yeé.rs in the develop-
. ment of aero and S‘pacvevvv‘ehicles', as well afsA naval vessels, an enormous
am(;\Lmt of 'Iit'ervature has been produced on fhe squect of structural _
clyﬁé.nii_cs (Refér_encﬁe 1). The behavior of sfructures when excitéd b&r
the various pressure fie.].ds which arc encountered in ope rvation is crucial
to thc 'pr‘c)‘p(:'l‘.de's}ign ()f such vehicles and tolthe o-pe’t'afion ofvor;-board
syst.cms.' By and large, available calculations~of'structur‘a1 response
follow one of two Abasi‘c procedures: Analytical methods. are employed
. in vcas'e's where the strlilcturev can be idealized to a. sufficiently simple
one and where the excifation can be re'preéefxted bf a relafively simple
function; when t};e structure is complex (nonuniform), .numeri(v;al t’e.ch-
niqueé are used of which the most‘ common iyn'vc‘>1v,e's the construction of
- a discrete structural model which apprdxirn_ates the original cont_inﬁous

o ‘structure (discrete element a-p'proéch, Reference 2).

It is the ;pur'posé_of the study repo_rﬁ-*ed herein to bridge the
ga'p between those two approaches, that.is, to use that portion of the
discrete clement approach (or, other numerical technique) which analyti- "
_cai ‘methods cannot handle, in combination with an analytical calculétion
- of the dynami‘c -respons.e. Inasmuch as the free vibrations of a coi’nplex
structure cannoAt, in gen'erél, be establishe-d,.analyficaliy, this portion
of the calculation is left to numerical techniques. Once results to the |
eigehvalue "pl;ob.lerh are avéilable, however, analytical methods are used
to complete the dynamic response calculation. This study employs the.

" impulse response, or Green's function technique.

Two pieces of information are required in the application of . .

the impulse responsce method: the impulse response function appropriate



. ) B .

.A_to thc structuro at hand and an appropnato 1nput functmn which descrlbos _

the spatxal te mporal (hstrxbutxon of pressure over the- structure The

' 1m'pulse response function can always be written in the form of an eigenw
'function expansion, so that knowledge of the structural mode shapes

and normal frequenc1es suff1ces (References 3 4) * For complex

structures of gwen geometry (i. e., descr1bab1e in'a given coordinate

“system), th1s study assumes parametr1c forms for the assoc1ated mode

sh"a.'pes where the arb1trary parameters can be fixed once the numerical
solutmn to the e1genva1ue problem is available. These parametrlc forms

are used in- the expressmn for the impulse response function wh1ch in

~turn, is used in the analytical calculation of the dynamic re_sponse. ‘On

the other hand, 'in'put functions are also parameterized in such a way that
a wholo class of funct1ons can be consider&d simultaneously in the

response calculation. - This class represents most phys1ca11y reahzablo

"pressure flelds of pract1ca1 concern, The result is a '"bank'" of response

-solut1ons where the arb1trary parameters can be fixed once (a) the

numerlcal values for the mode shapes at a number of discrete pomts and

'vvalues for the assoc;ated normal frequenc1es are ava11ab1e, and (b) a -’

I

‘,partic’ular input function is give.'n.

In any given application, this procedure constitutes, in

’ _'effe(‘:t, "a hybrid calculation.of structural response: the stru_ctu_re is dis-
" ¢retized and the eig'ens}alue problem is solved by the use of ap-propr}iate‘

‘computer codes; however, the calculation of the dynamic responsc does

*In-practical terms, the expansion of the Green's function in terms of

structural mode shapes is gene'l'ally valid if the damping is small. The

: assumption' that such an expansion is possible is analogous to the

assumption made for discrete systcms with reglard to the existence of
a matrix wh1ch d1agona11zcs both M~ 1K and M™"C, where M, K, C are

‘the mass, sp_r1ng and damping matrices, respectlvely (see Ref. 5).



" not proceed nurnemcally, but rather, the 1esu1ts of the e1genva1ue
routme are used to defme values for the arb1trary parameters in the
analytlc_al -response solutlons. The above procedure is depicted in -

| -Figure 1. This studir- has applied it to one-dimensional structures

4' '(bearns)' and 'cvircular chin&rical_ shells in _the case of .eit‘her deterrriin-

" .istic or random excitation.

- Section 2.0 preserits the fundamental 'e'q\ra_;tic')hs erriploye_d

' "by— the 1mpulse response method, the para’metric forms for the struct.ural‘

.modo shapes (1mpulse response functmn) and for the input function and

the calgulatlon of the response due to both deterministic and random

pressure f1e1ds. ‘Section 3. 0 details the co_rnputer. codes based on the ~

ehelytic’el resglts and Section 40 applies the tools developed in this ‘

‘ study to a specific engineering problerrl. The identical 'pro‘blem is elso

B se'vlved with the use of the NASTRAN code and the results of the two
,ap’p_r‘o'aches are compare:(li. NASTRA__N is a ge.r;eral-pﬁrpose digital com- l'

.‘lputer,'prograrn.~designed to ahalyze the behavior of elastic structures

uhde’_r a range of loading Vconc.iitions using a finite-element displacement

method appreach. A wi,de range of analytical capability 1s built intok

.~ NASTRAN inciuding modal analysis and the determination of the res'po‘nse of

) 'strﬁctu'res ‘d_u'e to random loads, which were the two .feat\.n"es of NASTRAN

" used in this investigation. General remarks w1th regard to the. 1nethod |

and results of this study follow in Section 5. 0.
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‘where Q" . is the inverse of the operator. Q

2.0 - - ANALYSIS

2.1 - . Basic ‘Equations

‘The linear dlsplacement response of a structure obeys-

© an equatlon of mot1on of the form

r,t

where .Q'..t' is a linear differential operator in thc spat1al and

E

‘Itémpbral variables r and t, w(r t) is tho vibratory d1sp1accment
. r'csponée and p(r, t) the forcing, or 1nput function wh1ch descr1beb
the spat1a1 temporal d1str1but1on of pressure over the structure Two -
- ,specla_l_cases_ o_f-Equatwn_ (1) arlse when plr, t)_. is zero or an impulse: -
Qo w(r,t) = 00 T e (2)

e fGlrorstat) = B(r-r ) B(t-t ) R : BENCI

Equation (2) defines the free vibrations of the structure, that is, its .

-soluticn yields the appropriate eigenfunctions (mode shapes) and eigen- -

values (normal frequenciesv).. Equétion' (3) de_fines the impulse response,

or Green's function for the structure. It is the respons’.e at position r
‘at time . t due to an impulse.at position r at time to; the impulse is

' ‘rep‘resented by the product of delta functions.

Syml.)olically, ‘the solution to Ecjua_t_ion (1) is given by

A R N 6

t’. that is, an integral

b

r, t



t - : |

' o"pe'rato'r. “The kernel of this integral ,op(érafor is the solutionAto
) ,

) o :
responses are zero, Equation (4) has the explicit form-

quiation {3), G(r, ro; t-t ). If initially the diépl_acement and velocity

: W(r,t)v = fdr' f dt G{r,r ; t-t ) p(r ;t.) ‘ _ (5)
o Jg o o o ov o’ o L ,

o

where it is assumed that the operator Q is hermitian under the |

r,t
:bour‘idary-conditions‘ of the problem at hand, and where the spatial
‘integra’tion is over the surface of the structure, S. The Green's
function is causal, that is, G(r, ros t—to) .= 0 for t< té and, there-
fore, the upper time 1imi‘t in Equation (5) can be extended to + « .
 One caﬂ also extend the 10_wér time limit to -« by incorporating a
un1t é»t'evp f‘unctvio.n in the ‘definition of the inpuf function, thét is,

| p(r, t) : p(r;t_) U(t) :Whgre U(t) is defined as

0 fof- t< 0

U(t)
= 1 for t>0

_ Then Equation (5) reads

©

w(r,t).= fdr / dt G(r,r';t-f .)"p(r ,t) v | (6)
S o o° o "o o :

The Fourier transform of Equa.tion (6) with reépect to the time t is

W(r, w) = '.fdr. a'(r',r s w) plr ,w) : M
_ o YTy . o .
, S | |

A

) A JAY ) ’ . ) .
. where w, G, p arc the Fourier transforms of w, G, p, respectively.

For a onc-dimensional structure (beam) of length L., Equation (7) rcads



G e =[x Geexw Bec, @ (8).
S o S E ' s . o

o 'wh1le for a cy11ndr1ca1 shell of c1rcu1ar cross section and of length L :
.w(zew)": deZ fde Gzez,e w)p( )- (9)

Where R 1s the nominal rédi_usv and z, 6 are fhe axial coordinate and .

"c1rcumferent1a1 angle respectively. v

'If'the ekcitation is random, the response is given by an
appropr1ate statlstlcal average of Equatmn (6 The most general average
of pract1ca1 ‘concern is the response Cross- correlat1on functlon between

i two space t1me pomts (r, t) and (r ,t ), it is g1yen by ,
< w(r, t) W"A(r I, t.f)' > = /clr_ /:ir’ fdt_ f dt’ G(r,r:; t-t ) -
ST AT : : o o . o o) AR« IR« M

O A e : ’

. - < Yo 4 > ’ )
G (r,r st t,o) p(r . _to) p(r .t ) | _(‘1,0) .

» Where & ) denotes complex conjugate and <--:-> denotes the averaomg
process The response autocorrelatlon Spat1a1 correlatmn and mean

/ . 7

~ square value result from Equatmn (10) by settmg r=r ,t=t and

the combination T = r Lt=t’] respectwely. It is assumedv that the
pressure field is homogeneous in both space and time so that, the associ-
ated correlation functionv'de"pends on the separation between the points

“(r;t) and (r l, t '), that is'

i'p(ri, t) p‘*(.r:r’,.t‘l)>. = AQ(r-rv;“t-t'_ ) » . o . (L)



[

' Under these c1rcumstances, the response correlatlon functlon is homo-
geneous in time, but not in space due to the finite extent of the structure

v» ‘that 1s,'“,-‘.'
<wir, ) w(rit’)> = Wr,ehtt’) - a2

U-sing Equations (11) (12) in Equatlon (10) and takmg the Founer trans-
form ‘with rcspect to the var1ab1e T :,t—t,, one obtains the response

,..cross spcctral den51ty

' W(r r; UJ) ./:ir _/:lr G(r T ;W) G (r r w) Q(I‘ -r ; w)- .- - (13)
e s | | )
‘where 'W_, Q are. the Fourier transforrns of w, Q respect1ve1y The power

spectral dens1ty results from Equatlon (13) by settmg r=r ,(._. In o'ne'_‘

’ 'd1mens1on, Equatmn (13) reduces to

- A."‘,," . L_ A < . LA Y, .
CW(x, xw) = fdx fdx G(x,x ;w0) G (x',x 5 WQx -x ;w) . (14)
M - o O. .vo V . o v A o } »0 o . ] .

(o]

- “while, for a cylindrical shell , L TR
A . L e 7 2 ‘ FEAS ’ .
CW(Zz,8,2,0;w) = R fdz fdz; Z dsé ! de’” "G(z, 6,z ,6 ;w)
L , _ 'vio 0 o,'o o o o o

G287, 2,6 W Qi -2',8 -8 ;w) . (15)
. .0 o ‘0 o O O : )
A The analytic evaluation of Equations (8), (9), (14) and (15)
vfor a whole ciass of input functions- p(r t) and Q(r-r’ t-t’) is the _
purposo of th1s study To do this, one must spec1fy functional forms

for tho 1mpulse response and mput functmns



2.2 - . 'The ImpuI’se Response Function”

ll

Uhd‘er‘ the assumption of small damping, the impulse response
-function can be written in the following form of an eigenfunction expansion:
. (Ref. 3 ,4). | |

L (7)) g (-t ) ' (16)

Glr, 7y tty) = Z(ann) b (x) ¥

,Av .

. . . v.‘ -.l o A o
', anq G-(r‘, ro‘;CAO) = ; (Mri,wn) Y (r) wn.(ro) g (w)

'gn\('t—?o) =‘ é?(jp[-an(t-to)] ’sin[wn(t-to):]_U(t-to) o (17)
,Wheré :l-bn(r')_ avr'e,v the sj;ruc:fgral mod¢ sha'pes-,_l ‘n denotes the set ofvrr‘lode
'nurf;bers required to specify a giVen mode‘,_. and Mn’, wn, a are th‘er.
- ‘modai m_asseé, frequencies _and darhbing, respectively. . Fp.r uniform
' "“strﬁcturé’s;- the modal mass is a constant equal to the surface mass’k"de'n'-
'.sity a:n'd qu most éorhmoh structural geometries, the mode shapeé
vz,bn(r) v_a.nd fré(juencies. ‘wr'l are known from the aﬁalytié solution of: the
} eigen'value"problefn. In the case of nonuniform structures, the discrete
element a'ppfoach is u‘sual.ly ¢rh'ployed to obtain values fbr. Mn’ wn .a”nd
‘bn(ri.) ,va.t a di_scr_»ete number of points on the structure e 'T.‘his study
vassu'r,nes that such values are available in a. gi:vcn application which in-
'y.f'oj.vc:ﬁ either a beam or z;,(:ylvindrical shell.. Tt is further assumed that
. 1:1"i,é()11'()m(=:trig: inte rpolation can be uscv‘,dv to define a curve tlm.roﬁgh the
yalucé of .ll)h(ri)v.at. the sp:atial points r1 »’.’l"he ana_l.yt.:.ic forn.nvs of such

trigonometric fits to mode-shape data are

b () = > A sink’x + B cos k' : (18)
miT L PP , , '



7 'nm

‘\b (2,0) = zz 'cosk z s1nk 6 + B'" sink'z cos k76
.'.qu, P ¢ . pa . p- g

+ . Cnm .c'os_kpz_'cos kme + Dnm“ sin kéz' sin kmel ) '(19)
Tpa P a o pa R g T

Values for the c‘o_ristant. coéffiéients VA, B, C, D aﬁd:'w_av_'e »r}umbers k .
,"inv the above expa_nsion's éan be determined by aﬁ-ap'prbpfiate curve-
_f_i.tt_:'ing rdutiné (Sec_tionlv3. 1). Knowledge of thes.e vélues, .however, is
‘ not_feql'lir'e‘dvfor the analytic calcul.ati‘on. of.the dynamic response. Note .
. .that Equ__.'atio"n‘( 19) does not assume separab111ty in the varxables 7_.‘ and
9 't.h.at:is ‘ I\l).n (7,9) # lb (2) I,b (6). Use of the vxponontla] forms for
.the' tru_,onom( trlc functu)nq m I’quatlon (19) re sults 1n the followmg '
form . o

RN B

o om o . nm* o 8_ _
{ : ».@p(Z) qu( ) _+ a-pq- @p(z).(pq.( )

P 6 z) 0 (0) + "™ 0 (2) 0 (8)) - 2o
.. P9 P q pa P - 9q . (20)
e
~where @ (z) = e P
o ik™Me
@ (6) = ¢ 9
(21)
Y '
al™ e (Am’_"l [ B“m) T (C_n’_-“--,_D'-‘m)
pq - 4P Pq Pq 4 Pad - pq
b = ‘l.—*(Anm - Bm,n.) v+ .(Cnm + Dnm)
Pq 41 Pq pa/) 4 Pq Pq



| .
1

The curve f1tt1ng routme d'eveloped in thls study (Sectmn 3 1) :

, makes use ‘of ‘the followmg orderlng for the tr1gonometr1c expansmn

: g1ven by Equatlon (19)

o+

. +_‘a'2 vco"_s 00 cos Z + a, cos 06 cos 2Z. + .

‘ “‘ e — r_; .‘ . . ‘e “ . 'J
en _(‘os.(‘)' cos [(n _1')/] + an+l_ co.s. € ces 0Z

‘a . cos®cosZ + ... +a_ cos® cos [(n=1)Z] -

n+2 T . 2n

a(m-lu)n_+1 coe [(m .1)' ] ¢cos 0Z + -

'A‘a‘\ ; .eqs"[(mf'l)-e]"cds [(_n-l)’Z]_ :

mn

a | 'cee 0‘9.:Vs'in.OVZ + .. ... ta " . cos0€ sin A[‘(n-l)Z‘] '
mn+l 7 mnin. . o ,

a4 €98 [(ﬁl 1) §] sin0Z +

‘a, cos [(m:1) 4] si_ﬁ,.-[‘(n-1)zj—’ |

Z.nmll h1n0 vos 0/ v 'l. '.121nn+n Sl:nO (_(..)-s v[(n l)Z»]

11



‘ ,+‘a_3mn_ +1 " sin [(m ‘) ]eosO

+: a3mn sm [(m-l)e] :c:os '[_(.n--l).Z] _

+a sin08 si F ' in06 sin[(n-1) Z]
+ 2 3pmntl smO stZ - fa3mn+_n sin0 ,s‘.1n[.(r.1 .) f]

s1n[m 1)9] s1nOZ + .

*4mn- n+l
% a_ sin [(m-1)8] sin [(n-1)Z] -
~4mn o T
o whe‘re 7 o= mz/L. and where 'the sﬁbsor_ipts ._n,fn bear no relationship

) to the mode. numbers. Hence the indicies assoeiated with a particular
cornbmatlon of trlgonometrlc terms are g1ven as follows (see Section 3.1
» for notat1on) , ‘ | |
| cos if cos jZ -—» NA‘ _
" cos i8 sin jZ - NOFZ - NTHA + NA
4in i@ cos jZ — 2+ NOFZ - NTHA + NA
© 'sini® cos jZ - 3: NOFZ - NTHA + NA
wheré"_NA-j’:‘ i- NOFZ +j+1

" Equation (16), with E'quatioﬁs,(ri)',. (18) and (20), defines
the G»reen'sv function Whichv isz.crn'p].oye‘d m Section 2. 4 to derive analytio
'rjevspon%e sol(jtioflé 'fOr bearn's and cylin‘dricai shells. In a giQen applica-
tlon, all constants whlch appear in the above equations can easily be
'f1xed once tbe numer1ca1 solution to the assoc1ated e1genvalue problemr

is avallable (Sect1on 4 0). -

12



'

L No_"te_tha'.f with proper choice‘ of the coefficients A,B,C, D
in chuationé -(1'8) and ‘(19) Equatmn (16) reduces»to the Green's function

‘_;approprlatc to a uruforrn beam or cyhndrlcal shell (Refs 3 , 6 ). For
- : 1 -
instance,. usmg Equation (18) with-p = 1, 'VAl :. (Z/L) /2 B1 = 0,

_ -kl L= nTT/L in Equation (16) yields the ‘impulse ]‘CSpOan functmn tor a o

uniform beam It follows that the response solutlons of Section 2.4 are

: _vahd for both aniform and nonumform beams and cylmdmcal Shellb

23 o ‘The Irﬂ)uf Function

It is’ assumed that the 1nput functlons in Equatlons (8)

| :(9),.-."(1'4) and (15) are separable in the var;ables, tha_t is,

B @ - ’pl‘(x) Bywr ey
Bz @ = p ey () By@ @2y
O-xiw) = Q (xox') Q@) @
»./\ .' Ty N ) . = -'-.',VVA. o o - o
Q(z-z, Q—Q ;W) = '_Qi(Z-Z_) ,Qz(e-e ) Q3(w)’ o ' o - (25)

The above assumption is standard in structural response calculations,
'_t‘houigh‘ not 'funda'ﬁlental_to the rhethodology.develo-ped' in this -stﬁdy.’ If
~one were to relax it, however, the mathem natical mampulahonb would

~becomie essentially unmanageable,

- We adopt a classification scheme for pressure ficlds, wherchy

input functions are classified according to the analyticity of their spectra

*By analytic_ity of the input function spectrum, we 'me_ah_ the nature of the
singularities of the corresponding Fourier transform in the complex plane.. "

13



(Refs I7 _,.'8 ' ).' ‘This property is suff1c1ent1y general to allow’ the groupmg

of d1fferent 1nput functmns 1nto a class, and yet prov-1des sufficient infor-
| matlon for the analytic calculatlon of the response. In -particular we

con81der 1nput functlons whose Fourier transforms have .any number of

poles of a_rbltr_ary ordcr. ~In the case of d(,termm1st1c exutatmn the

‘proper forms are

S N o -ikx o C_ S ' -
SN I el N a, : o
LB = A B0 Z,_Bi'e'_ by }:; _———’-3—5, @2

S = a=1.B=1 (k-K )© v
R v~if', T S : A | E .
6'3(@)‘,'_:{ H_ 8@ + z K ve | s Py Sy = en

L MRl G (w-v )©

- , - 'n
' vvh‘.e'r'e.'-'i.( is the Fourler conjugate of the coordmate X, or. .z and 'Slf(k):-»
| 1s the’ Fourler transforrn of P, (x ), or p, (z). Tho first two terms in’ |
' _ .Equatmn,b (26)_ (27) have been 1nc1uded to account for the poe s1b1hty of |
' _a"disc»rete”(vdelta f;unct;on)._ a_nd con_btant part of the spectrum. The last
terms a-cc‘ount fer the s'irrgular portion of the spectrum in the co'rn‘plex" k
and - W planes It i'sv"com'posed of an arbitrary number of complex p'ollesk

. K(‘x‘, \)n of arb1trary order The poles are located in the upperhalf-plé.ne

:ohlv, -that is, they have a positive imaginary part;. e. g , »\)‘r7 = \)1'7 +1iv ”,
TR X ;

_ \);; > 0. The 1nverse Fourrer transforrns of Equatlons (26) (27) are

given by

5 v'.v S . . - . B " : ) ' .
Such functions are termed meromorphic.

y P,t) =0 for t < 0, the poles V_ - must
neccessarily be in the upper: fmlf plane. Also, one can associate a step
functioﬁ with p.(x) or p (z) since the intcgrations in Equations (8) and-
(9) .start at zero and thus treat t_h'emb as ''causal" functions. This requires
the poles '_»Ka ‘to be located in the upper’ k half-plane.. . ' 2 S

##Since p(t) is causal, i.e.

14



'folll'ovs’/"in.gv.forvrn‘ for the é.ngul_ai" dis_tribution of preésure.‘

Lo = z B b)) + 1U(x>>: ;: I 1), °‘ w0t 2s)
b0 = H “L:EK b.(t- £) + iU t)z z l)' Mt e
SR R 2 B = =Ry n— e T

where tbc (l/Z 11) factor in the inversion formula has been absorbed in.

the constant coefficients. 'pl(z) is glven by Equation (28) with x

‘,fé'p'lé'ced by z. In analogy to the above expressmns, we assume'the

ik,

B'-1)!

_ N e N A
opyler =D Z Ej' 5(6-9 o+ Z 2 . ¢ ") (30)

Bt o aE g

" Thus, in'thenspa'tial temporal Variables the class of input functions

'cons1dered in th1s study includes a constant a series of impulses and

: }combmatlons of trigonometric functions, exponential functions and_poly—

"‘nomials in the variables. This class of functions adequately represents

phys1ca11y reahzable pressure f1elds of practlcal concern. ‘In any given

appllcatmn values for the constants in Equations (28) - (30) can easily

" be assigned (Sectmn 2 4. .

In the case of random excitation, the correlation functions

‘are'required ‘to be even functions of the variables:. That is,

M) '(9) is defined in the interval 0 to 27 and, therefore, posscssces a _
Ctruncated’ o ourier transform which is ana]yu( everywhere. . The constants

K-a./ are not a%socmtod with smgulanhes of . the spectrum.

15



s edxh

Q@) = adzh

o, = alel) for Jef s By
= "QZ.(Zn- le) for || > @

Q, (1) = Q3(IT»|>.

'Where X = x-x), Z: z-2") © "—"9_9/; T = t-t'. The condition on

Q_Z(G") also guaranf,ees that the same value for the correlation is obta1ned
at © =0 and © = 27. In terms of the spectr_a, the above. cond1t1ons

rAequire that t.}ie's'ingularitie's exist in both the- upper and"lower half 'plan'es
Accordmgly, the class of correlatlon functions analogous to the determm- :

1st1c 1nput functmns glven by Equatmns (26) - (_30) is

0 ) = A bk + Ayt ; z > —be (32)
R o © y=1 e=1 (k-K )
- % AR
. N M,
O (@) = H 8w) +H + — L2y —_— B (33)
'. ' n=l 0=l (w-=v ) "Ez1. p=1  (w-V )O
‘n’ 3
. \ ,i3a 1 |
Q(X) = A+ A 8(X) + iUX) » 73_1')'[1- ¢ (ix)?
- o=1 B=1
: y € ‘iKy«x (’_l_ , .
- iU(- X) 21 Te- Thr e oWl S (34)

16



| iv_ ;
":Q (’T) = H_ +H 6('r) + 1U(T T e (ij)o'
= 1U(-T) z 50 . 5 (lT)p—l_-' : ' . - (35)
E=1 ‘p—'l. .
Q0 =, 400 _E_ Z | °

;gvhere_ k is fhe F‘ou’rier Co’njugete of X, or Z, w is the Fourier conjugete '
| ‘of 1, and where the (1/2'17) "factor in the‘inve"rision formula has again
been absorbed in ~vthve eonstaot coefficients. . Ql(Z) is given by Equation. (34)
Wi'th X re'placed by Z. The poles 'Ka,_ \)n are in the upper half-’pl‘ahes,
: thet is, 'th‘ey have positive imaginary 'par‘ts‘, wh‘ile' the poles K‘y' v g are
in the 1o'w_er' half--plane_é, fhet is, they have negative imaginary parts. ’_I‘hus,
. in the spatial—temporal variables .the elass. of rarndom preséure fie'lde
cons1dered in this study is rcprebented by correlatmn functmnb wh1ch may
be constantv(representmg a perfectly correlated field), delta funct1ons '
(representmg a purely random field), or various combinations of tr1gono-
metr1c functions, oxponent1a1 functions and polynomlals in the variables,
- The arbltraxy constants which appear in Equatmns (32) - (36) can easﬂy be
f]X(‘d in engincering a*pphcatwns (Sect1on'4 0). A ‘pr1or1 knowledge of
alues fm th(“st constants is not necessary, however, in order to proceed

’ w1th tho analytxc evaluatmn of the response

17



o2 4 . ‘Response ‘Calculation

| l,-'_f'"w(x w) = w)z M w)" f () zb fdx d) (x,) Py x,)

.w_ﬁefe' .@r"l(w)' is the'F(v)uvrier tr_anéfo'rrh of Equation (17) given by

where.

2. 41 . ReS'pOnse to Dete‘i'mini‘svfc.i‘c Excitation

o Y;IWIth Equatlons (16) and (22) Eq'uation (8) reéd's:

—w St

gn(w) _ (LU Q ) (UJ Q ) v, n} = i wn:‘+ 1a_h

2 .

: U'éi_ﬁg-vE'qua'_t’ion (18)1n exbonéntiél_forini

R i-,A_“" ae ,
‘_.w(x w) z (M w) g (w) %x) E.z.ap 1‘1.(x1,‘x.2) +_‘.—5L.p L (x

o2 21

“.>I1(}v.{1".'x2) :‘4.1‘ .d_;.(vo'(pp(xo)‘ pl(xo) :

(el

3
L]
i

21 % [ dxg e, ) k)

' \\:zvh(:: re (pp_(xi_) _is given by :Fflquatio‘n_ (21) with” ” replaced by x. The

limits in Equations (40), (41) have been set at-arbitraiy values 'x x, '

- l ’
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[ . . I

to allow for th'e_'rpeys_sibility of.trupca_tion of p, (x). If the pressure
field extendsv over the entire length of the beam, then x, = 0, x, = L;“
if it extends to a poirit' b < L, then x, =0, x2 = b; if it extends from

a pomt a> 0 to a point b < L then X, = a, %, = b; and, finally, if

' the pressure is" dlstr1buted from a pomt a > 0 to a pomt b > L then

v x ‘v_=‘ a, x, = ‘L. With Equat1on(28) the evaluatlon of Equation (40) is .

»stra1ghtforward y1e1d1ng the result

}.(1)Bc B N . rl(k +K)x2
P g 5% o, et
w Bk + k)P rs0 rid
S ikt X, T
T {-ix, + K e T - 42) -
i 7 (kp Ot)} R ] 2
where, for clarity ih_ novtation,' we have droippe‘d the su:persci‘i'pt n-:
from the wave numbers k. I (x )b is given by' Equation (42) with

‘k‘p replaced by - kp. Equatlon (39), with (38) and (42), give's the

‘beam solutlon for the class of input funct1ons cons1dered in th1s study

In the case of a cyhndrlcal shell Equatmn (9) with
: E’quv.ati‘ori-s_(lé), (ZQ), (28) and (30) takes the form



'\_wit_h x., x2 replaced by =z

1
' fwld is dlstrlbuted over the entire shell c1rcurnfcrenco then_ 6. = 27;

v in Eq\latioh (44) is identical

' (;](z'e' ‘."), - 63(“’) R z . (Mnmwnm) _gnm(w),_{pnrn‘_(z'e_)
o : - nm _ . | mk o .
ZZ zapq I..I'(_zl,z )-L.(8,) +.a 4 :;Z(ZI_’ Z»Z,) Iz(el).

(z 7T 4 1.(6)}F - (43)
z f‘zvz).lz(erl),:’r Poa »Iz(zl,‘zz)!_’;l(_ e (43)

wheré Il(‘z

12,0 L(z),,) are given by Equations (40), (41) and (42)

P25 and where

1 1

BT S TR o S . -
1,(8)) =[ A0, 040 Pp5) e
1,(0)) .=[_-d60' 0q8) P 0) )

‘The upper limit in Equatidﬂs (44), (45) has been set at an arbitrary angle

8,. to allow for the poss1b111ty of truncat1on of- P, (B). - If the pressure.

1

if it 1s_trum,atcd at some angle a _< 27 , then 91 = a. Since the integrand

in form to that of Equation (_40), it follows that -‘[l((-)l) is given by
' Equation (42) under the following substitutions [see also Equétiohs (28)

and(30)]: x-»O,x—>0,‘1‘(-¢k,,A_.D

, B.-E_,, x. =6,
..1_.21‘Pq0-OJJ'J,J .
K . ) i taine ifutine
a B a B , - Ky 12(61)‘15 obtained from Il(_el) by su‘bstlvtutmg‘

. kq by - kq._ Equat1oh.(.43) with (42) under the above substitutions gives

‘the cylindrical shell solution for the class of pressure fields considered.
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L Equatmns (39) and (43) const1tute a ”bank" of determ1n1st1c o

response solut1ons for the class of 1nput functions given by Equat1ons
't(26) - (30) A part1cu1ar response solution results once an 1nput :

functlon belongmg to the above class is spec1f1ed -For instance,

“cons1der a bearn 1oa.ded by a pres sure f1e1d whose frequency spectrum o

is constant and whose spatlal d1str1but1on over the ent1re 1ength of the _
. beam has the form |
Bxw) = P e 0 Py

. .‘»‘ Comparlson w1th Equatlon (27) y1e1ds

'H =t =N =0, all s, q,r
. p
Ks:‘l}. . o

".:On the other hand expandmg the ﬁ sum in Equatmn (28)

1K x S S
iC »
+ 4a’3v'(iX) }
g 2_

So fc_h'étt,: by 'di,re_“c’f-:cornfparis:_on w_e»,c'onclu_.de‘

A =B, =0, allj




Cpy = -i5 C =05 C , = 2i
C. . =0, all a#1, B>3.

. 'Stvibes'titution of the above values Ai;d Xl = 0, _x2 = L in Eq_uation (39)
‘Yields the »correspond»inbg'.ané.lytvic: resporisevsAolution. In telfms of the B
cofﬁpﬁterized vebrsion of Equafion (39), the user siniply inpots the
above values (along with the mode shape parameters appropriate to

. .the case at hand) to the code to obtain numer1ca1 values of w(x w)

“at spec1f1ed frequenc1es and pos1t1ons (Sectmn 3.2)..
2.4.2 - Response to Random Excitation”

| The resPonse Cross- spectral den51ty for a beam is given

" by Equatmns (14), (16) and (24) as

: - L) é (w) ) ::,:(x_') g ,(~-w)
W(xx w) w)z NI w z nM,:" E
’ - . n n n ‘

L L . S . ’ . :
) [, fixo[ dxo..lbﬁ('xo) l‘bn’(xo) _'Ql(xo-xo) .

Using Equation (18),

<x>é () Z b5 ) B k)

A
_'W‘(xx w) Q(w)z YT
_ : n’ " n’

EZ{h I(k k )+hI(k -k )+h I(k -k )+hI(k k?)} (46)
pr IR - - 0
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o

I (O S R
1 jo) r

(o]

., p,L L | T o
n n ) . ! . S ’ - . g
A,_-I(kp,Akr ) = / 'dxo[ _de (pp(xo) (pr(x_o) Ql(xof.xo)’ . .. o (47)

/ .

The coefficients a;;, al: are defined in Equation (39) and (pp(i:) =

l

. L n ’ . ’ _ San
exp (1k.p>c), ¢ (x ) = e;;p_(lkr x').

S1m11ar1y,' Equat1ons (15), (16) (20) and (25) yield the.

" response cross spectral densxty for a cy11ndr1ca1 shell in the form

. M, 7w
nm nm n,m nm nm

S (z e)g ') zb, ;(z’,e’)' , (-w)
‘?V(Z'.e,z’.e’;w) = 0 (w)R Z e Z nm -énm- .

T e : o Nz ‘ . ’ o A
z 2 {Hll(kr.l,.k: KT K "sn )+ H. 1( K" k: R -k‘sn)
p,q r,s P 1 ‘ p e '

' n .n' _m . m' *  n.n’ _.m m' n' m . .m’
+HOIKD, kLK, KT + HoI(-K, K, -k )+HI(k KT )
2 P r q . s 2 p r q’ s r . q s

I n’' .r'n ‘m’ . n.n .m .m' * n .nf m ,m’
FH KK, -k -k™ ) + H OIS, KT LK, K™ )+ H IR, <k, kT KT
9’ s 4 p. r’'.q s 4 p r’ q' s
7 ’ / /) . ¢ ]

noem ) gt I(k RS S Sl U (00 S S S S
q’' s q s 2 Pr q s

/ 7 ' n’ / ] '

ik, kT, kKT )+ I, k LK) + J I(k U P Rl
2 p v’ q s q s q s
n n m.. m' * n _n’ m. m' l
T I(-k -k Lk ek ) 4T Ik Lk, sk k) (48)
L. 4 P r’ q s 4 p r q’ s ‘
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.:5

: . 1 ‘ ' : - . Y
nm nm . ‘ nm .‘nm
H = . - = i
1 T _apq ars o '_. - Jl . bpq brs
YT . o T
H2: anman_rn : : o T = S o
e . PQ TS SR .. 27 pq rs
g ooampam’ T am '
737 Tpqg rs - 73 7 Tpg rs
e nm ;)n'.m’>:<' S : nm ‘n'm'* : R ) :
I(k k kq ,ks__-) = P L) S‘q,s(.zn)ﬂ- o S - (50) - -
(L) [ dz o ©o (z ) «p (z )Ql-_(zo-z;)'- . - (51)
21r o ' :
(zw) d6 R (8 )cp (6 ) Q, (8 -8’ ) o (52)

'The constants 1n Equatlon (49) are. defmed 1n Equatmn (21) and
n

(z) = exp(ik z), (z ) = ex (1k z), (G) = e (1k 9), and
P P P , p q *P q
¢s(e) = exp(lkrn 6). The ‘summation symbols in Equation (48) denote
a double summatmh Ae. g R z ‘stands for Zz Noting that Equations
bpq n’

-(47) and (51) are identical [i.e., I(k k ) = Pp L)], it follows that
the evaluatlon of both Equations (46) and (48) rests on performmg the.
integrations in Equations (51) and (52) for the class of mput functions

given by-Equat_ions V(3f4') and (36). This calculation is presented in detail

R ‘in the A‘p’pcndix}' The results are
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For simplicit;} in notation, the superscripts have»been'suppresvsed in

the_wave',numhe'rs k, that is

o
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¥e]
7

kmand k'_r
AR s

vKuati'on (53) in (A46) ylelds _the .res'ponse cross-specti‘al.

. c-lens‘ity. in p.arame‘tric "forr_n for a beam excited hy the class of input
fllni:tions glyen'by‘Eqﬁations (33), ‘(34.), : while Equation (48), "with . |
Eéuati'ons (53) - (58), gives the corresponding solutions for a czlin'dri-: :
v.cal ‘shell‘ when the.in'oﬁt function belongs .to the class‘given by Equations

: (33), (34) and'(36').. 'The resoonse power sp'e'ctral density at position x

Jon the. lbeam, 'orjpositi'on z, 0 on the shell_, resx‘llt's b.y setting x = x'

in. (4_6)v'and 7= z', 9 :“6' in (48). '-'.I’he‘meah-sc.luar(: response can be

obtained by further integrating the above equations over all frequencies.

If the analyst is given an 1nput functmn Wh1ch belongs to the

class conS1dered values for the pressure f1eld parameters can eas1ly

‘be spec1f1ed and the partlcular analytlc response solutmns obtamed
from the above equations. On the other hand, the computer1zed version
~of the solut1ons prowdes means for obtaining numerical response values
The sectmn Wthh follows describes the codes based on Equatmns (39),

(43) (46) and (48)
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3.0 COMPUTER CODE - USER'S GUIDE

3.1 Cur've.-Fi'tti'ngRou'tin"e for Structural Mode Shapes (FITMSC)
. 3.“1.’1_ . Program Description

_ The I“ITMS(“ program fits the normal Compom nt of lh(
stru( tural mode bhapo as computed by a numm ical code, -such as
.NASTRAN The fits arc in the form of 'productq of trlgonomctfic'

v.fu‘nctions: The code uses stepw1se mu[tlple regressmn to evaluate :

the coeff1c1ents of ‘the fit.
3.1.2 . Input -

" Section 3. 1.9 presents the neées sary input to be read into ‘ '

the 'code(..

3 1 3 ‘Géyernihg 1quatiox'1:s. ‘
E | ihe gé'VG-rning equations are-_'given 1n S¢¢tiop 2. 2.
31.4  Method ot Solution
ihe cal'cglétion procedufe is"d.e&-;crijbet‘:'l_l in Se_ction 20
: 3. 1.. 5 | Rastart o

IIu (odo is set up to sk1p past as many sets of modal

' data as nec essary in. m der to refit a partlculal mode shapu
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3,106 o Tér_rn_i.natiorﬁ_

' '1he code w111 termmate -when the number of modes to be

f1tted havc been f1tted '_I‘he term1nat1on occurs because of 1ack_ of

L -‘add1t10na1 1nput_ data.
3.1.7 T Cor_upu‘t_e_r Conversion -

: The program was written in FORTRAN V. It'was used
'extensxvcly on the UNIVAC 1108 (EXEC 8) . . o

To adapt thls code to CDC 6600, or IBM 7090 or 360

: the follow1ng changes must be made

‘ 1».. - A11 control cards at the beg1nn1ng of each subroutlne

must be e11m1nated and/or replaced w1th approprlate cards.
: 3 1'.‘ 8 ".,vE‘.q‘uip'rn'erit.Requ'ir'enients"

- The code uses 1og1ca1 units (15) from which the mode shapes
‘are obtamed No other storage units are needed ~The pre_sentfornq ‘v
"of _the code needs ap‘prox1mate1y 32,000 cells to execute, most of which
,is_use‘d for ’the data it_selfv.' Ta‘pes 5 and 6 are used for reading and »

Y_Wfiting, i‘esp‘ec’ti’vely. Two or three cards'wiil be punched for each fit.
. 3. 1.9 ' Program in'put Require‘meht's
A tape w1th the mode shape data’ must be mounted on logmal

umt 15 | _ See Sec 3.1.15 for the 11st1ng of the code to generate this data
tapc from NASTRAN card output | '
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- 31 10 .- 'Cavrd Forméf,_s

NOTE: All integer variables miust be right adjusted.
Ablf‘loati'ng point fields must éontain a decimal which may be arbitrarily

" located in the f.ie_l'fdﬁwidth.

CARD GROUP I.-

Columns " v _"Desv.'criRt_ion.
1-5 ITEST, case number. (Integer)_
,’6_-‘-'10_ . ’ L vLIN[vIT,' rn_aximum hurhber _Qlf ‘stéps in the
| | reg'fés sion analy'sits'. ' ('Ihtegér..) |
‘ 11-15 ' - NZs, _nurﬁber of co‘.n.s.ta_ﬁtA Z 'for which 't_h'e :rnoda.._l"

" data is given.

A 16-20 o L ' . _NTH, n‘uﬁibef -of_ _av.n_‘gil-e_sv for which the rﬁodal data .

is given.
- 21-25 'E - NPQLI; Ki).,:fnumberv.of 'ter_ms in the fits in the
o - v spa’tial variable. (Integer) - | ’
26-30 © - NPOLK, K number of terms in the fits in the"
o azimuthal variable. | |
31-35 '  ISKIP, number of modes on the data tape to be

| - skipped. If ISKIP is zero, no modal data will be

;ski'p:ped. -
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' CARD GROUP 2

.Col'u',rnns '

1-10
 -11;?0f
A_ '2‘"1:.301‘

v

o 41—50

 51-60

various ahgl‘es’ étarting a_tt 0 .

Des cription

h EFIN, the F value for entermo a Varlable mto

the regressmn (Floatmg pomt)

)

»EFOUT the F value for removmg a variable from '

_the regressmn (Floatmg po1nt)

THNOT, eo, the modal data is tabulated for

o (Floating -poiﬁt)

",DTH AO, angular 1ncrcments _(m degr(‘es) for
thc modal data is tabulated (Floatm_g point)
"DELZ, AZ, spatial incrementé in Z (in inches) .

- for the tabulatidn' of the modal déta. . A(Floatihg point)

ZNOT ZO, length of the cyhnder in 1nches

(Floa‘tmg pomt)

% F - Ftestis a significance test.. L

| The above card groups are repeated for each mode shapc '

to be f1ttc~d

301,11 ‘ 'Sam'p].e i‘n'put‘_,

_ 'lhm, f0]10w1ng is a llqt1ng of the 1nput data used to fit '111

* of the mod(, shapos for modcl 1 (Soc‘tmn 4 0). Sample 2 is. mput to -

. fit modes 3,4, and 8 only
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) | S

14

1.05

1.05

2
1.05

1.05:
‘1405

'i.bﬁ‘

1.05
. 105 ~
-9
. 1«05

leo,
1.05-
S B
1.05
‘n,lzz,
1405

a1
1
11
1
:11.
11

11

11
T
11

11

1.05
1.05

1.05

" 1..05

1.05

1.05

1.05

1.05

1.05

10

10

10

iovf
10!
10 
10
10
'10.
10
105 - .
‘o

o 10

. 36.

INPUT SAMPLE 1

36.

36.

36.

36

36.

36..

36.

36.

’ 36.

36

36.

36

22.

22, -
2.
220"
22.
22,

22.

220
22 .
22.

e 22+

132.

132.

132.

132.
132.
132.
132.
132.
132.
132.

132.

132



t

1.05

1.05

i,os

) S N &
o 1.05°
11 7.

7 1.05

TINPUT SAMPLE 2

11 7

10 -
10

6

O

6

0.
6
0.

. 36

36._'

36. -

37

22.

22;

22.

132.
132,

132. -



3.1.12

. Variable

"ITEST

LIMIT
Nz§
4NTH
NPOLI
'VNPOLKV
 ISKIP

Variable

CEFIN
 EFQUT
~ THNOT
~ DTH
'3DELZK
'ZNOT-

- Description of Outpuf,_ :

Line 1

 Input data, sce Section 3.1.10

Lirie 2

Input .d_ata,' see Section 3.1.10

‘Following the input is a ‘printouf of the pertinent information

at each step of the reg‘ressior'l‘. The last set of variable numbers and the

values of the coefficients are punched on cards for later code runs.

A comparison is made and printed between the actual data

and fhe pre'dict‘ed data (data calculated from the last set of coefficierits).. '

' These columns are self-explanatory.
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3. 1.13 . Code Expansion

' Followmg is a listing of minimum storage requ1rements
NOTE MAXN and MAXNPI must be altered to the dlmensmn sizes

of X and A, respectwely

Minimum storage requirements: .

a) - (MAXN, MAXNPL) cells per variable X

b)) MAXN cells per variable W, XBAR, SIG, IVAR',
B, SB '
c) - 'MAxNPi cells '[.)erv variable R
q4a - NTH c:elllsv per: x.far‘iablye .THA
e) | | NZS cells per variable ZHA -
6 | . ,(MAXNPI MAXNPI) cel}sv per.variable A
'V NO’IE a 1)_. MAXN > Number of modal data points.

2) MAXNP1 2z 4+ NPOLI - NPOLK + 1
3.1, 14 Code Listing

(following)
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aASGoT lSvTORJ3 _
® 3HDG,P POLREG USES UNIVAC MULTIPLE Resncsszou TO FIT A 2-0 POLY FOR COTTI
38FORs IS POLREG o
‘COMMON X(200+86) +W(20C) ¢ XBAR(BE) »A(B6+86) +SIGII0D) s IVAR(E6) +BIBE )y
- 1 SB(86)sR1200) +THA(200)¢2ZHA(200) : _
- - REWIND 15 : :
: " MAXN=200
@ . MAXNP1:-86
.1 READ (5+30) ITESToLIHITvNZSvNTHoNPOLIoNPOLK'ISKIP
- WRITE(6¢35) ITEST-LIHIT;NZS.NTH-NPOLIvNPOLKoISKIP
- NP1Z HO(NPOLItNPOLK)+1
: NPLIZNPL1~1 :
_ _ IF(ISKIP.EQ.0) GO TO 210
@ DO 211 I=1eISKIP

211 READ (15) €I -
210 READ (15) EI.MODE.NPTS.(x(J.Nplx.nunx.ounz.ouns.ounu-nuvs.a 1s

- - INPTS) ,

, .~ READ (5+31) EFIN.EFOUT-THNOT-DTH- DELZ#ZNOY

- © WRITE(E+36) EFINJEFOUTeTHNOT+DTHe ~ DELZ4ZNOT
@ - - IWz0 L

THNOT=THNOT . 017us
DTH=DTH#*.01745
-~ : PT=3.14159265
S DELZ-DELZ/ZNOTPI
. ZNOT=PI '
@ - - THZTHNOT -
- 00 2 IZ1eNTH
. THACI)=TH"
- - 2 TH=TH+DTH
Coe .. ZZ=2NOT
- D0 3 Iz1+NZS
® S ZHALI)ZZ2Z
‘ -3 22:=27-DELZ
- o JdTo -
~ Do 200 1= lvNTH
TH=THACI)Y
o '~ DO 200 L=1+N2ZS
e © Z2zZHAtL)
_ . M0=D
i J=d+1 - . ’
- NO=NPOLI*NPOLK
T NOPz2sNC-
 NOR=3e&NO
[ " . DO 200 M=-1+NPOLI
© - YSZFLOAT(M-1)eTH
TY=COS(TS) -
-~ TL=SINITS) '
. DO 200 K=1NPOLK
' ARG=FLOAT(K-1)e2Z2
d _ . TP=COS(ARG) ‘
"~ TR=SINCARG)
NOP=NOP+1
- ~©_ NORZ=NOR+1l
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{.

MO=MO+1
NO=NQ+1 "
XUJeMO)I=TTeTpP
XCJsNO)=TT=TR
. XCJeNOPIZTLaTP
© 200 X(CJeNORDI=TL=*TR
. TFUIN) 54546
GIREAD (5¢31) (WL} Iz XUNPTS’
NRITE(5¢3“) (H(I)OI lvNPTS)
s IND=O '
. ISTEP=-1 :
7 CALL RE‘TEM(X.NPTSONPIOHAXNDMAXNPlvH'IUOEFINvEFOUTrXBAR!A'SIGDCONS o
. lT'NVAROFLEVELvSYoNOINoIV&R' 'SB'ROIND’ : :
. IFCIND)1I3v129013
13 ISTEPZISTEP+]
14 WRITE(6+32) ISTEP
. IFINVAR)18,19,19
18 NVAR=-NVAR
 WRITE(6+130) NVAR
o 60.70 10 '
. 19AJRITE(50131) NV‘P . S
10 UPITEfﬁ 132) FLEVELoSY'CONST (IVAR‘I)-B(I).SB(I)vI loNOIN)
R IFIISTEP'LIHIT)7$2“020 '
24 "IND=-1 _
... ... 60:Y0 7.
- 12 UPITE(60133)"
. ISTZ1
MCO=NOIN
o IF(IV&R(I)‘I) 121001210'1211
1210 CONST=B(1)+CONST
' IST=2 :

A

- MCO=MCO-1 ‘ .
1211 PUNCH 30.NPOLI:NPOLK HCO-(IVAR(I)-I IST-NOIN)
- PUNCH 136+CONSToIBII)sI-ISTeNOIN?}
DO 29 Y=1eNPTS '
. DEV=XEIsNP1)-RI(I) _
29 WRITE(6+134) TeX({IsNPLIeR(IVyDEV
GO0 TOo 1 '
30 FORMAT(1615)
.31 FORMAT(8E10.3) _
32 FORMAT{10HO RAW DATA)
33 FORMAT(1X,10E12.5)
.34 FORMAT{19H40O WEIGHTING FACTORS/(1Xe¢10E12.5)) _ - :
35 FORMATCOHIITEST = ISse1lHe LIMIT = ISeSHe NZS = IS¢ 9Hs NTH = IS5
. " 1911Hs NPOLI = IS5¢11He NPOLK = IS5Se11Hs ISKIP = IS5) o
36 FORMATC(EHODEFIN = E13.6+21He EFOUT = £13.6+13Hs THNOT = E13.60
. 183He DTH = E13,6/8HODELZ = El}.s.lnu. ZNOT = E13.6)
39 FORMAT(11HO STEP NO. I3) '
. 170 FORMAT(SXs17H VARIABLE REMOVED I3)
131 FORMATISX+)19H VARIABLE ENTERING I3}
132 FORMAT(SXs7H FLEVELsE13.6/5X¢20H STANDARD ERROR OF Yo E13.6/5Xe :
19HCONSTANT +E13.6//15Xe46H VARIABLE COEFFICIENY STD ERROR OF
1 COEFFs/(1TXe3H X T2+4E16.5¢E18.5)) o o
133 FORHATISUHI PREDICTED VS  ACTUAL RESULTSIBH OBe. NO.9»8X97H ACTUALY
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t
110Xs10H PREDICTEDs 9X»10H DEVIATION}
134 FORMAT(ISsE18.6+E18.6+£19.6). '
136 FORMAT(5E15.8)
END
3FOReIS RESTEM
SUBROUTINE RESTEM ( X+ NoNPloHAXNoHAXNPloH.IHoEFINvEFOUT.XBARoAoSIGoRESTEH

1 CONST/NVARFLEVEL#SYNOIN/IVARsBeSBeRs#IND} .~ e RESTEM
O e e e e e e e e e e e e e e e ee -
(of MULTIPLE REGRESSION pnoeann , _ _ o " RESTEM
c ———————————————————————————————————————————————————————————————————————
DIMENSION X(MAXN-I)-U(I).XBAR!lloA(HAXNPlvl)uSIG(l)oIVAR(l)vB(l)v RESTEM'
1 SB(1),R(1) _ RESTEM
c v - wn o T e e A e e e A e e e e S A S L S D e - S e W U S Ee 4 M e A - e e T e - e
c IND=0 UPON FIRST CALL YO SUBRT, RESTEM .
I o L L e e ,
IF (IND) 175,100,160 o "~ RESTEM
100 INDZ1 : - V S RESTEM
C--————-—--——--——‘-—-———--—-—————-~——~——_~‘- .......................... - —— -
c TEST IF WEIGHTS ARE INPUT, IF NOTy SET W(JUIZ1.CeoeeWEIGHT SUMZN RESTEM
of IF INPUTs NORMALIZE WEIGHTS SO THAT AVERAGE OF WEIGHTS IS 1.0 RESTEM
e btttk P ettt e R et e ———————— :
- IF (IW) 101.101,102 : : RESTEM -
c-—-—-—‘-_---—D’------—--——----—— ------------- - e - - - -----—-——o— . |
¢ NOT INPUT S L L o . ' RESTEM
~C'P*‘ﬁ"‘r--r"‘f‘*"--°—-°-*v"”‘°"f”'“"’f“‘f”"" “““ e ————
101 DO 103 I=1eN _ , o o " . "RESTEM
103 WtI)=t.00 ' o - S ' ‘ : RESTEM
. GO TO 104 ' ' _ : , ~ RESTEM
o INPUT . - ' ‘ - RESTEM
© 102 TEMP=0.0 _ _ . - ' _ - . . RESTEM
00 105 IZ1eN o e _ ‘RESTEM
105 TEMP=TEMP+W(I) ‘ - _ - : RESTEM
TEMP=TEMP/N _ : s J T -~ 'RESTEM .
DO 106 I=1eN - , : - > . RESTEM
106 WEI)=W(I)/TEMP , o - : : RESTEM:
C‘“‘“""‘f"“““”°“““"“““"‘““"“f “““ - ——————m - ——— o=
~.C... ... COMPUTE MEAN OF EACH VARIABLE:ZXBAR i ' - RESTEM
Cemmmmmmmmm—— T T e e e -~ ———— -~ = e b it
104 DO 114 J=1eNP1 o R : o . RESTEM
XBAR{J)=0.0 ’ o : .~ RESTEM
DO 115 I=1.N A ' ~ RESTEM
115 XBAR(J)= XBARIJ)OH(I)‘X(Ivd) : : RESTEM
114 XBAR(J)=XBARCJI/N ' - RESTEM
c ............ - D R - —— - —— . - > > ——— . . - D W > M > — - - - - -~ .--. . .
c COMPUTE WEIGHTED RESIDUAL SUMS OF SQUARES AND cnoss PRODUCTS . RESTEM
Crmmmmmmm———— e e e e e e e el e - ,
DO 117 I:-1sNP1 R : o . RESTEM
DO 117 J=TsNP1 g _ : ' o RESTEM
Al(TI+J)=0.0 L ' RESTEM
DO 116 K=1¢N ' ' . RESTEM
116 ACI o J)=ACtEsd)oMiKIe(X(KoI)~ xeAR(x))-(xcx.J)-xaARcJ)) , - RESTEM
117 CONTINUE ' R © RESTST
c ———————————— c———---_-‘----_-----—---——---——--—--———————-; ——————————————

C COMPUTE STANDARD DEVIATION. SET DIAGONALS OoF CORRELATION HTQX “1. RESTEH'
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DO 129 I=1eNP1

120

- - - 0 B o - Ae o - - - - - - - - - G R S e A R e ae e S S S U B M e e e - —
- — - . e o - . W G e e G e W M W e R G W UL G Gh N S e G e e B e T R - e G e e S WS W SR G G W G S P am we W e -

—‘—-—————-—-----—---—----------------’----_-——----—--_--------—. - v - -

.--‘-——-—s--—‘--.——-.—--—————--—------—--—--—---——o-—————----—_———. - - - -

NORMALIZEs THEN EXPAND UPPER TRIANGULAR

STG(I)-SQPT(A!I-I))
AlTIeI)=1.0

NPZNP1-1

DO 121 I=1sNP

I1=T+1 :

DO 121 J=IIeNPl

ACIod)=A(T v U)/USIG(IISSIG(U})
ACJeTIZA(TeJ)

PHI:N-IQD

MATRIX TO FULL

RESTEM

RESTEM.
RESTEM
RESTEM
RESTEM -
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM

RESTEM

RESTEM

INITIALIZAYION PROCEDURE FOR DETERMINING MOST SIGNIFICANT VARIABLERESTEM

‘TC BE ADDED YO REGRESSICN

COMPUTE STANDARD ERROR OF DEPENDENT VARIABLE

RESTEM
RESTEM

RESTEM

. e - G G e S W A e S G T e - e - G - G i M A e G ) G G G Ge e G G G TR R AN W SR A0 S G G AR R S W W e R S S e e -

T A A - L st - —— . " — " —— W} - - — - - - A P U G T - - - - - -

145

DO 131 IZleNP

Be¢IYz0.0

VMIN - -10.E34

VMAX =0 .0

NMIN=D.

NMAX =0

NOINZO '

00 150 I: lvNP

GO T0O 142

IF (A(I+1)-.00001) 150¢150¢141

VZA(IsNPLI*ACNPLsI)}/ACT oI}
IF (V) 142+150¢143

t IF (V-VMAX) lSDolSOvIQQ

VMAXZ=YV
NMA XY

.60 Y0 150

_—_—-——-—-—_.—-—--_-—o--------_----—-—-—-----..-——-—--—---_------—---‘---__

X(I) IS IN REGRESSION...COMPUTE COEFFICIENT 8 AND STAND.

COEFF,

NOINZNOIN+1

IVARI(NOINI =X
BINOIN)-ACI+NP1Y®SIGINP1Y/SIGLI)
SBINOIN)ZSY«SQRT(A(I+I))/SIG(I)
IF (V- ~VMIN). ‘15091509145

VMINZV -

NMINZT

43

= e o = P =t > " o > o -

i > WD e A T G A s e T B D T T . ——— > > D A A S ) D D A D O . A D e > > D A D . >

 RESTEM

ERROR QF

"RESTEM

W - . - A - en G Wi R AR D W G G G G S S S G G G S WL G A e W W S e ER N WA SN G W G Gl G e e W N G WD A e e

RESTEM

RESTEM
RESTEM
RESTEM

RESTEM
 RESTEM

RESTEM
RESTEM

RESTEM

RESTEM -
RESTEM
RESTEM
RESTEM

RESTEM
RESTEM

RESTEM
RESTEM

~ RESTEM
RESTEM

RESTEM



CONTINUE '

RESTEM

. - o i e 2]~ 4 o o D A 2 P e > i e i D . A > o o o e

RESTEM

- - " - —— — S S D S = D U~ D e S e D A W - = - - .

TEMP-D.C

. DO 151 IZ1sNOIN

"RESTEM

- - -~ - - = - - - A - e G R A e e . e = e -

e e e e e e e r e e e e e e m e e e E e ———— — - ———————

" IF (EFOUT+FLEVEL) 153v153c152

. > e D - " —— —— — ——— — - - . > = . —— - - - -

e o —— A . — - — Y ———— - —— . - - — - —— - - " . - —

. 280
. 240
..210

300
280
34p
320
350

175

TE=IVAR(I)

TEMP=TEMP+B(I )*+XBARCII)
CONSTZXBAR(NPL}-TEMP
RETURN

K-NMIN

PHIZPHI-1.0

NVARZ=-K

60 YO 200

FLEVEL=VMAXs(PHI - 1« )7CA(NP]1sNP1)~ VHAX)
IF (EFIN-FLEVEL) 154,175+175 :
K=NMAX ' .

PHIZPHI-1.0

NVARZK )

Do ZXO_IZI'NPI
IF {(I-K) 230,210,230

Do 280 JZ1eNP]

IF (Ju-x) ’GOoZQUvZSD

A(TIsJITALIvJY — ACTI oK ISA(K9J) /ALK oK)

CONTINUE

CONTINUE

DO 280 T=1sNP1

IF (I-K) 300+280+300
A(ToKIZ=A(T oK)/ A[KsK)

CONTINUE

DO 320 J=1eNP1
IF (J-K) 340320340
A{KeJ)ZTALIKIJI/A(K K]

CONTINUE

A(KeK) =1, d/A(K.K)
60 TO 12&
00 178 J=1eN

" TEMPZ0.0

DO 177 T=-1eNOIN
ITZIVAR(I)
TEMPZTEMP + B(I,‘X(JOII)

"RUJ)SCONST+TEMP

L N R D A G D e R G G G G Gy A A Y . S D D m WD W G W A T i D " — . D A e — " A — > - Y D s ———

"RESTEM:

RESTEM
RESTEM

RESTEM

RESTEM

RESTEM

RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM

RESTEM

RESTEM

RESTEM
RESTEM

RESTEM

RESTEM

. RESTEM

RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM
RESTEM



N SEY INDICT, .TQ(INDICATE END OF COMPUTATION HAS 3EEN REACHED

IND=O
- RETURN
END
AMAP,IS +ABS
IN.POLREG.
axqeY ABS
45

RESTEM

RESTEM

RESTEM

" RESTEM



3.1.15 . Suitable Data to Tape for FILMSC

- (folio_win'g) S

46



IAST,T 15eT0gE S
arﬁq'vr :nvn ' 1 . )
C TAK”"V”OWDA°“ TARY SATA AND PUTS YT 0V YAcr F0° ﬁn?Tv;
TTMENSTON DU“'I")'TI(QP”)077(4 ”)oT’(Q”“)-Dl(“33)v?~(“”C)vR’(QDCI
1 PTAD 1 BeIT) MPTS,NMONT
. IO FORMAT(1Z7S)
S NN 1T LT1aNMOOT ,
PEAD 15471) (DPUMIT)Tz199)
71 TAeMATIAL) '
CDTADR (F,77) IT.MODE
TROEORMAT (12Y 9T 1R 492V TA)
T3 @ JZ1.NPTES
9 QLAY (S 77) Tl(J)oT“(J)o77(J)v“1(J)v°’(J)v“1(J)
TT TORMAT (1Y ,7I18
17 WRTTT (1R) EI.Mh“”.N“T'.(Y1(J). ?(J)v*?(J’v”l(J)v"”(J)v”’(J)vJ 1y

INPTS)
TND FYLE 15
en T 1
CTND
AVMAP TS »A3 S
_IN °nTP
AXNT A2S

1482 20
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3.2 - ~ Resporse to Deterministic Excitation (DEXCYL)
3. 21 . A 'Pro‘gra}n Descri'ption

The DEXCYL'program computes the dynamic response
of a' 'cylihder or beam for a class of deterrrﬁnistic pressure fields.
'-The structural mode shapes in thc form of comblnatlons of tr1gono—
metr1c funct1ons with arb1trary constant coeff1c1onts are assumed
o These coe£f101ents .are obtalned from the computer code ”FITMSC

3.2.2 ~ Input.

Sectlon 3 1.9 presents the necessary 1nput to be read

.'1.nto the code
3 2.,:3 o '_Govie’r.ni‘n.g quations

The'gove"friing equ‘atiohs are given 1n Sec’tion_ 2. 4 1.
13.2.4° Method of Solution

The c'orh'putational pro.cedu_re' is described.in. Sectioh 2 0.
3 2.-»‘5‘ o Rv‘e_s‘tai't‘

The ché com’p‘u'tcs thc response at pre'sci'ibed positions
andv»fre}qucncic.:s. "~ Should a‘ restart be neces‘sary, it may be done with-

out having to rccalculate any of the previous data points. Each point

is computed independently of previous points.
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- 3,26 _: v»"ferr'nir{afidn'

The code will terminate when the input data has been

' eXhaL_l'Sted.
:3.2.7 e Corhpiit,er, C,onvé_rsion

The program was wr1tten in FOR TRAN V. 1Tt has been
‘uscd (-xtcnswoly on thc UNIVAC 1108 (EXEC 8). The only obvious
chan;_',e;s necessary. to.adapt Lh_c. code to CDC 6600 or IBM 7090 are
..theAcb_ritrol"cardS‘-. All control cavrds at the beginning of each sub-
' jf.oﬁ.‘ti:ne rhu_st be elimin.é\tea'van'c'l/ovr re'ﬁiaced_ with appropriate control

-cards;
328 Equ_ipmen"tRéqu.i'rer'ne'nts : : o y

» The code uées no tape units other than 5.and 6 for input
and output respect1ve1y Approx1mately 13 000 cells are needed to

_executc in the present foxm
: 3.'2. 9‘ ' Progré.m Input Requirements

NO'IE Cortam real variable arrays were equivalenced
to thvlr cornplcx counterparts to avoid the prol)lern of format var1at1on ,

from mac hmc to maghm(, for complgx variables.
_ 3. 2 10 - CarvdvvF_ormats

NOTE: All 1nteger var1ab1es must be rlght adjusted.
V Float1nq point fields must contain a decimal which’ may be arb1trar11y

Jlocated m the. field width.
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CARD GROUP 1

| ’Celumns :

s

e
11:15

©16-20

' _ Descri'Etion g

NTHA, the response is computed for a number of
v ,angular positions; 8, _and a number of positions on
" the cylinder Z, NTHA is the number of 8's.
.,(Integcr) o | '
- __‘_NOFZ number of Z! s for wh1ch the response

‘is calculated (Inte ger)

'NFREQ, number_ o_f.frequencies for which the

re Sp'ense is -computed (Integer)

: NMODES number of mode shapes for Wthh f1t

data is ava1lab1e (Integer)

©21-25

26-30
b31-35a"'
< e
‘b41,4sf5’
- 46-50
© 51-55
56-60

6165

NBETA number of B tcrms in p (Z) (Integer)

NBETAP numbcr of g’ terms in P, (9). _'(Intege'r) '

NALP number of a terms in P (Z) (Integer)"

NALPP number of a terms in pZ(S) (Integer)

v NJ'S number of B s in p (Z) (I_nte'ger) :

NJPS, number of Ej s in pz(e)_. (‘Integver)

NSS, number of K_'s in B, (w). (Integer)

'NETA, ‘number -of H,Vn's in 1'33 (w). (Inte'ger). :

.NSIG, number of o's in.13'3 ( w). (Integer)
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CARD GROUP 2

L

Cehnnhs'-_   ' Dcscrqﬁion
. 1-10 ; A‘ ZNOT, levn‘gth‘of the cyllivnde'r in"inch'es'.‘ (Floating point)
_ .11-20 : | : ‘R‘CYL,'»‘ radius of the cylinder. _ (F.loati'ng”pvoint) B |
21-30 | L Zl ' Z1- ZZ is the extent of the pressure f1e1d
31-40 o ) zz } (Floatmg ‘point)
.'41.-5‘0,A 51-60 oz, -p"ositions along the cylinder for whi.c'h,bthe response Qill

L '61.-.70, 71-_8(5 - be computed. 4(F10a'ting‘point, NOFZ numbers in all)

CARD GROUP: 3

_Columins’ -~ . . Description
l-10 . THNOT, e, extent of the pressure f1e1d in the

Aaz1mutha1 d1rect10n. (Floatlng pomt)

11-20, 21-30, TTH, 8, angular values for which the response is
' 31-40, 41-50, calculated (Floatmg p01nt NTHA numbers in
51-60, 61-70,  all).- ’ ' ' | |

71-80

NOTE: In the followmg three groups it is assumed the number of terms
for-each var1ab1e is'one. If there are more terms the.columns.wlll be

shifted apprropmately‘.
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.CARD GROUP 4 -

Columns o | Description.
' 1 - 1'0,' ,11..20 - AA, AO,. const,an_t,pre's'sure field term in pl(,‘Z), real part

followed by imaginary part. (Floating point)

. 241..‘3:0,_'3.1_4»(-)' . BB, -BJ_, real component followed by the.imagina‘ry
' ' c‘Qmponent of Bj. (Floating point) - there will be
'NJS successive paris of B.j. If NJS = 0 two zero.
fields must be pres‘en.t.

C . There will be NALP pairs of numbers -

a, B
for B = 1, followed by NALP pairs of numbers

- '41-50, 5'1_-6(-) CC, Cé B,>rea1 and imaginary components of

" for B =2, etc. If NALP = 0 there must be two
fiel'ds cbntainihg zero. (Floating point)
’ 61-70, 71-80" | .""ZKALP,.. K_d, real and imaginary components of
R ‘Ka' ‘There must be NALP pairs of numbers.
At least two fields (which may be zero) must be
- present. '(Fl,oa'_ting point) ‘ :
3 ‘Ne.w card, 1‘._.1.0’ ' _Z,JP, Zj',‘ real and imag‘ina‘ry'.corriporients of Zj'.—’ ”
'11-20 ~ + ° . . There must be at least two fields and up to NJPS

pairs of numbers in all, (Floating péint)'
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CARD GROUP 5

Columnsr
1-10, 11-20 - .

© 21-30, 31-40

Description

: DD DO’ constant pressure field term’in P, (6), real part
4 followed by the- 1mag1nary part (Float1ng po1nt) -

EE, EJ, real component followed by the 1mag--
' 1nary component of EJ . (Floatmg point - there

-w1ll_ be NJBS successive pairs of Bj. AIf:N‘JBS =0

s two zero fieldsmustibe pre’sent) o

41550, 5160 -

FFsF 4

al, B,, ‘real and 1marg1nar’y components of |
0! , B,; There w111 be NALPP pa1rs of numbers »
o for B followed by NALPP palrs of numbers -
' :‘ f°1' B 2 etc. If NALPP. = Ol,two'fie'lds con~

61570, 71-80

New card l-lO"
1l zo '

ta-1n1ng zeéro must be present. .(Floafing point)ﬂv '

.' ZKALPP K "’ real and imaginary comnonents of ;
K‘d,."’ There must be NALPP pa1rs of numbers.._
At least two f1e1ds (which may be zero) must :

' be pre sent. (Floating point)'

'TH-P, e_j',',.‘ "real:and‘ i‘ma“gi‘nary 'eomponents of

eJ', Thefé. must be at least two fields _and up

- to NJPS 'pairs of numbers in all. (Floa’_cing point)
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CARD GROUP 6.

Columns
1-10

11-20, 21-30

31-40

41-50, 51-60

6170, 71-80

”CARI)GROUP.7 

© Columns

1-10, 11:20,
21-30, 31-40,
41-50, 51-60,
61-70,-71-80

Description

HCAP, H_, constant pressure field term in

0
f)é(w). (Floating point)

ZKS, K_S, real component followed by the imag-
inary component of Ks' (Floa.ting point - there
will be NSS successive pairs of Ks' I NSS =0

two zero fields rmust be present.)

| TS, t, appearing in p"3(u)). There must be at least

one field (which may be zero) and up to NSS

numbers. (Floating point)

2

- .ZNN, N ,» real and imaginary components of

| ~ N_ . There will be NSIG pairs of numbers for

"M O .
n =1 followed by NSIG pairs of numbers for n = 2

etc. until the list of nis complete. If NSIG = 0
two fields containing zero must be present. |

(Floating point)

ZNU, \)n, real and imaginary components of v .
There must be at least two fields and up to NETA

pairs of numbers in all. (Floating point)

Description

 AMNI, a ., damping constants.- (Floatihg point -
- NMODES numbers in all)
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- CARD GROUP 8

Columns = Description

~-1-10, 11-20, = WMN, w , modal frequency in cycles per second.”
21-30, 31-40, (Floating point - eight numbers per card, NMODES
41-50, 51-60,  inall.) | |

61-70, 71-80"

~ CARD GROUP 9

CoI‘umns_ . | ‘Description

1:;-'10, 11-20, OM, W frequencies for which the .res'ponses are
21-30, 31-40,  to be calculated. (Floating point - eight numbers .
41-50, 51-60,  per card NFREQ in all.) o

© 61-70, 71-80

“CARD GROUP .10

-Columns : | Description
1-10, 11-20, ~ ZMAS, Mn o’ modal mass. . (Fl'oatvin'g point. -
21-3 0, 3 1-40, eight numbers per card NMODES numbers in
 41-50, 51-60,  all.) | | |

61-70, 71-80
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CARD GROUP 11

A Columns

125

Description

NTH, number of 8 terms in the fitting of the rhodé.l

, 'dafa. (Integer)

6-10

) NKZ, number of Z terms in the fitting of the

.‘ modal data. (Integer)

- i1-15

.16-20, 21-25,

| 26-30, 31-35,
36-40, 41-45,
46-50, 51-55,
56-60, 61-65,

'66?70» 71-75,
76-80 o

"CARD CROUP 12

Colu}mns
" 1l=15

15-30, 31-45, -
46-60, 61-75

-~ NCOE, number of non-zero terms in the fit,/
" excluding the constant term. -
. MCO, _'index tagging the fit coefficients with the

. appropriate trigonometric term. (Integer -

NCOE numbers in all)

- Description

- CON, constant term in the fits to the mode shapes..

(Floating p.oint)

COE,‘-fit coefficients to the mode shapes. ‘(F_loating"

. point - NCOE numbers in all)..
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Card groups‘ 11 ahd 12 are repeated once for each mode °

number. - These two card groups"are the direct output of the FITMSC

computer code. ' V
NOTE: To run the deterministic beam problem set:

1) R = RCYL = 1

2) ) E,, = EE(1) + iEE(2) = 1+0i
3) NJPS =1

_4) _ , .Ea,’ gt FF(I)" + iFF(2).= 0
5) . D, =DD(1) +iDD(2) = 0

6) - "NTH = 1 for all modes

3.2. li : vSa'_I'I'l‘plve‘_In'put

The following is a listing of the input data used to obtain
the safnple output.. Tt was the model | data (Section 4. 0) as computed

from FITMSC.
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N 3 33 59
. «15926782-09 = .%8410990-07?
e 5 3 3 3 SD 69
-.14593651~-08 54167539400

R 3 2. 17 19
~«19943995-09 -.10770847-01
8 411 T 18 22
. -.22611%810-06 .71489229-08
° -« 762954949-04  .22555226~01
-.20228178-0% -.90219221-04
L] s 1 5 7 1%
e e -#221S0605-06 . «22537TIR0-01
+11228375-01 -.17939819-0%
- 20884 - - -02 -.110300 -O%

e o '

-.10586593-03
-.91589819~-02.

.12709915-07%

B P 20 B 28
«54830682-0f -.20535987-01
0 8 4 26 28 58
 +169RT4EK-DS «518431171+00
.8 8 5 22 28 28

- 49536157-07

18

e1622Fr757+400 "

© .13080995-01

.3373011F +00

60
-.95938868-02
€8 &0

- «7925569°2+00

- 10017767401
-.89123013-02

«11265665+01
- 24 R {1] Y
-.18072712-03
- .27655292-01

22 29 26

-.22537106-01
-.11332811-03

s : :

" =.38501851 0N

2018614400

+12295176-01

SAMPLE TINPUT
‘ B
. te 1 1 1? | 1 1 1 n. 0 o .0 0
S 5. 7 OOV : Y 132. .. B6.. L I -
- 3.18159265 SN, De . 2n. an., 60. 80. 100,
.oo.1200 140, C180.. ' 180.. 2n0. 220. 2an, 280,
®  2%80. -300. - 320. 300, . T80, i o
- ;_;f,,.ﬂ.,,-,_ U . 0e - 0. . .0 o Ta - 0. -a1 025
voiDe . D SN « PRI & PR ) Q. RN + P e @O
. ...eD16. .  D. 0. D. n. n. n. " D.
e 02 ‘ .02 .02 .02 .N2 07 .02 .02
19,8409 189,841% 154,478 154.4314 170.1672 187.8919 187.,4922 258,.4557%
....258.8465% - 259.1931  280.3604% 280.3606 : AU
© 1%9.8u4Dn9 : o ’ : A - . * -
. eSB78TT9  .A263I62Y .569R15% 5654379 1.UB9R90  .7IRRIG0D  LETINTET ,760224)
@ 7751001 1.879069 1.0713%87 1.006N09% o , '

e a4 T0 32 62 64 , o A :
 +64891715-05 =-.75502460+00 «?5676082-01 -.61556394+00  .209%343%-01
SUETUN SN D T 32 62 B8 B A e

.11708251-03 «F3559585+00 -.21614622-N1 -.77966249+0 .2651%395-01
. ... B 2 3 a 22 8F o . _ : o
® +18283015-0% -.19142746-01 .93810323 00 .16254538+0N
o R 2 .3 22 3 46 . :

2.17878921-n1

.séhiénlqonn'

.53269285+00

 «100928%6e01

39 s5¢ Sk
- .08095815+U0
<36N73080 «10

310 39 S
-13347271-03
-.70947336-04

58 &2
-.20FR87036-02
.11%91609-n1

56 58
 JRSA2FXDTeNN
«49811298100



i

‘."3. 2. 12 - Description of Output

The input is printed immediately after it is read. No

labels are printed:. The order is the same as listed for the input

cards.
. Variable Line 1
L FREQUENCY ’ w, frequency of the calculation.
THETA . 8] [ Coordinates of the point at which the dynamic
z | ~Z] | response is being computed.
y RESPONSE W, real and imaginary components of the dynamic
o response at 8, Z, and w. o
Variable  Line 2
MAGNITUDE | |W |, magnitude of the dynamic response at 6,
' ~ Z, and w.
_ PHASE - ¢, phase of the dynam_ié response at 8, Z, and w.
3.2.13  Sample Output

Following is a partial listing of a case run earlier. This
is not the case run ‘with the svampl'e input. It corresponds tovthe‘safn'p,le

case with a = .02/w .
mn ~. . mn

59 =



o oo 14

L

® e

o @ o 6 O© B 6 & © o © e

o w9

es s INPUT [ATAss#

19 -
+13200+93
31414401

» 16000+03

036000+03
. .00000
+ 20000

+16000-01

~s20000-01

-ZUUOUfDi_

»14984+03
"e28036+03
L e14984+03
«58788+00

1

t 1

0 Q

+ 10214401
4+ 4 4
«64891715=-05
4 44
+11708251=03
b 2 3
«13283015=04
6 2 3

e 12709915-33

& 2. 2
~+54830642~06

4] ) Y

" 0169674646=05

4 4 5
~+ 1058659303
~e?1589418-02

3 3 3
$15926782-09
6 3 3

~e14583651~08

7 3 2

=0 17993995=09

R T 11
~e22611810-06

~e76995498=04

-e203228178=03

4 4 !

v22150605=06 .

~e11224375=-01
. +20484000=02

 FREQUENCY =

© FREWUENCY .3

W 149841403,

+563559545+00
? 22 46
~e19143746~01
.22 33 45
016226757+00
1t 24
= e20595947-01
26 . 28 59
+61843181+00N
22. .26 . 28
“e49546157-0)

14 33 59
«HB414990~02
33 50 69
e 54168539+00
17 39
- 1077044701

7 18 22

«71489229-04
$22655226=01

“s90219221 =04

5 7 18
«22537380=01
-e17934319=03

-+11030030-03

2esEND OF [NPUT DATAswe

L 145841403, THETA =

THETA =

~+21614622=01
98810329400
+19080996=01

«+78733116+00

60
-495938868-02
58 640

~e79255699+00

e 10017767+01

-+89123033-02

«112656465+01
24 30 37

-¢14372712-03
=+22655292-01

22 24 26
-422537106=01
~e11332811-03

60

.000000 o+ 2 =

.l"’?"’hz“OZ, Z -B*,

12, 1 0 0
¢ 03930 2132C9+03 ¢ 66000+02 :
4503200+02 +00000 +20000+402  .40000+02
¢ 18330+03 ¢23030+03 +22000+03 2 24000+03,
«QNND0 «000320 «00200 - «1003350+01
« 00030 +NN020 +20000 "~ +10000+01
« 00020 + 00020 090000 » 02030
«23330~01 v 200030=-6t - +26030=01 +20000-91
»20900=01 ' _ -
e 14784+03 15443+03 + 15443+023 *17017+03
+28036+03 S
«625636+00 ¢56932+00 1 546544+00 +10899+01
210061401 : '
33 32 62 64 o _
~e75502460+00 025676082=01 =¢561556394+00
39 32 62 64

~e779766249+00

e 156254598+00

-+98501851+00

0 .

c80007+02

+26G00+03

«0c000
«030000
«C2002
«2C000=-01

«18749+03

u73884400

126513894~

+20933483-01

vl

¢83018614+00 =,12878921-01

+12295176-01

+53869285+00

10092856401

39 54  5&
- 4B8495815+00
+86073080+00

3o 39 859
+13347271-03
-¢70947395-04

v59039415+

58 82

v 112914609~

56 58

e B5426307+
«H8112981+

 +660000+02,

338

~+20647336-02

o1

oy
ou

RE
M A

+ 660000402, KE



€

ze

N.

u.

)
.

‘N
L 4

e
L

m.

[N o -

e ISYHD N ZQe6ZZLES

Z0-S9pCEL

= I5YHd

10~hlE0Zhe=

s 3IQVYHI
10=6C8CGHh*~

N

= JSVYHJ

NOlnonmnnol.

= 3ISVHd
10-58202h°

= 3ISYHd
10-9h0hShs

= ASYHd
20-05G4¢C€"

=-3SVHY
10-9€00Zh° =

= 3gYHd
10-€80hSh* =

= 3JSYHd
Z0=4bptHCe=

= 3GYHd
10-0L66ThH*

= 3GYHd
10=h1CHhGH®

= ISVHd

1 20-255GhE

2 3IQVHI

Nonnmmm_ww

“10~L5868h°
10-98hK152°%

‘10-09(80S5°
10-9€662Z°

120-h12868¢
Z0-CL6htZo =

C1Q-(9L68hs
10-19h152°=

‘10-910605°
10-6800€2°~

120-£€500h

20-hhhz1Z®

‘10-8Lhbehe
10=h1€1G2°

$10-220606"
. 10-pH1DEZ"®

$20=Zhh10he
z0~1€0tilze*-

t10=T1ThéBhe
10-€62152°-

t10=€S€40S"
|D-€GECE2® -

$Z20~5aeCChe
20-9804062*

t1p0-t€168h°

10-06961h%= ,ﬂo-onﬂmN«

= 3ISYHd

,~o1co:oomm

2. 3QNLINOYMW
= ISNOJSIY

= 30N INDYHW

= 3SNOdSIY

= 30N1INOVK
= 3ASNOdS IV

z 3aN1INOSYM
= ISNOLSIN

e 3ANLINOVYY

= 3IGNOJLSIY

= 3an1INOVH
= 3ISNOdS3IY

= 3AN1IN9VYW

= 3SNOdS3Y -

e 30NLINOVM

= 3ISNOJS3M.

= 30N1INOVH

= 3SN0dS3N

= 30N1INDVYY
=. ISNOJS3IN

= 30NLINDYM
= ISNOJSIY

= 3an1Inovy

= umzolmuz

.= 30NLINDVW

= 3ISNOJdgINM

= 30n1INOVW

= 3ISN0dS3N

= 30NLINSVYH

204000099

- $20+000099°
420+000099°

$20+000099°

$20+000099°

$20+000099°

‘20+000C99°

*z0+000099"

*Z0+000099°
'z0+C00099°
420+000099°

4Z0+000099°

$20+000099°

1z0+C00099 ¢

‘€0+Ehbbb2"

‘COeLhb6LT®

‘€0+1966S2°

CE0+5546€2°

.no»mmoodm.
‘E0+296661°
,nu+wooo-.
.wo+onowmﬂ.

SE€DehLGHET"

YE0eL LTS

$Z0+118666°

$2C+6h966L"

$Z0+L88665"

$20+G26466¢C"

V13Kl

.«»ur»v

Y-13HUL

Vi3Hl

V13HL
v13Hi
Y13HL
vi3ml

Vi3xlL

VidHL

Yi3HL

'CO+IhBLRT Y
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AMNI1
AMN?2

 ASM
ASMST

BB
BCAP
BSM

BSMST

CC

" CCAP

CCAP
COE

" COE

COEZ
COKP
CON .
DD
ECAP
EE '
FACT

FCAP
FF

'GHAT

MCO
NCOEE

. NKZ

NTH
OM
OMEG
OMEG2
PHI
SRE

‘THP

TI1
TI2
TS
TTH

WMN

Code Expansion

Following is a list of minimum storage requirements.
.

(2) _

(2 « NMODES)
(2 « NMODES)
(NTH, NKZ)
(NTH, NKZ)

(2 « NIS)
(NJS)

(NTH, NKZ)
(NTH, NKZ)

(2 - NALP, NBETA)
(NALP, NBETA)

(NALP, NBETA)or CCAP (NALPP, NBETAP) wh1chever is 1arger. '

(NCOE, NMODES)
(NALP, NBETA) or COE (NALPP, NBETAP) whichever 1s larger. ,
(NALP) or COEZ (NALPP) whichever is larger. '

(NALP, NBETA) or COKP (NALPP, NBETAP) whichever is larger.

(NMODES)

(2)

(NI PS)

(2 . NIPS) | |
(NBETA) or FACT (NBETAP) whichever is larger.

(NALPP, NBETAP)

(2 +« NALPP, NBETAP)
(NFREQ, NMODES)
(NCOE, NMODES)
(NMODES)

(NMODES)

(NMODES)

(NFREQ)

(NMODES)

(NMODES)
(NMODES)

(NMODES)

(NJPS)

- (NTH)

(NTH)
(NSS)
(NTHA)
(NMODES)
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z (NOFZ)

%* 711 o (NBETA) or FACT (NBETAP) whichever is larger
"% 722  (NBETA) or FACT (NBETAP) whichever is larger.
ZI11 (NKZ) .
Z212 - (NKZ)
ZJP - (NJIS)
ZKA (NALP)

' ZKALP =~ (2 . NALP)
ZKALPP (2 + NALPP)

ZKAP (NALPP)
ZKKS (NSS)
ZKP (NKZ)
ZKQ (NTH) -
ZKS (2 « NSS)
ZMAS (NMODES)
ZNCAP  (NSIG, NETA)
-~ ZNN (2 « NSIG, NETA)
ZNU (2 -NETA)

ZNUCAP * (NETA)

: NOTE: The following variables must be dimensioned
the same to avoid errors in subroutine FINDI: (CCAP and FCAP),
(FF and CC). These arrays must be based on the largest values
of (NALP, NALPP) and (NBETA, NBETAP). The present form
of the code allows up to ten values for NALP, NALPP, NBETA, and
‘NBETAP. ' .

: Variable_s tagged by an (*) are located in subroutine
FINDI. ' : '

3,2.15  Code Listing

(following) -
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3.3 ‘Response to Random Excitation (RANCYL)

3.3.1 ~  Program Descriptiori_.

The RANCYL computer program éo‘mputes the dynamic
.response of nonuniform beams -and cylindrical shélls for a class of
~ random pressure fields. The structural mode shapes in the form of
' combinations of trigonometric funcfions with arbitrafy constant co-
.e'ffic';ents are assumed. These coeffiéieﬁts are obt"ained_ from _‘che”
computer code "FITMSC. " | |
3.3.2 " Input v

Section 3. 3.9 presents the necessary input to be read into

.the'v cbde.ﬂ

. | 3.3. 3 : Go.ver.n.ing Equations
Th"e'go‘verning equations are given in Section 2. 4. 2.
: 3.- 3.4 - Method of.Solutién
The cbrnputatignal ‘procédure is describéd 1n Seqtién 2.0,
3.3.5 . Restart

The code contains a restart feature. The first time the

code is run, the quantity "ZJUNK" is 'puﬁched~on cards. ZJUNK is the
double sum involving rerms like H1 I(- kp’ kq’ kr’ .ks). This_part v

of the calculation represents the largest portion of the computation and
Henc’e is advantageous not to recalculate it if additional runs are to be:

. performed.
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'3.3.6 . Termination - . -
The code will be terminated when the input data has

- been exhausted.
3.3.7 Computer Conversion

The p‘rogram was written in FORTRAN V. It has been
‘run and checked as thoroughly as is practical on the UNIVAC 1108
(EXEC 8). The code _waé designed to be as machine independent as
possible. To run the codes on a CDC or IBM computer, the control
cards at the beginning of each subrontinev must be eliminated and/or

: repléced with appropriate control cards.
3.3.8 C Eqni‘pment Requirements

The code uses no tape units other than 5 and 6 for input
and output, respectively. The ainount of core necessary to run is a -
‘strong function of the number of mesh points, modes, frequencies, etc.
(See Section 3. 3. 14 for minimum storage requirements.) The present |
form of the céd_e uses approxirriately. 26, 000 cells. There will be cards

punched if ISHO_T is'less than or equal to 1. (See Section 3. 3.9).
3.3.9 - Program Input Requirements

NOTE: Certain real variable arrays were equivalenced
" to their complex counterparts to avoid the problem of format variation

from machine to machine for complex variables.
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3.3.10 Card Formats

NOTE: Al integer variables must be right adjusted.

. Fl'oating vpo'int ifielvd_s mu_ét contain a decimal which may be arbitrarily.

‘located in-the field width.

CARD GROUP '1

.Columns . Description -
1-5 _ '~ NTHA, the response is computed for the points

Z, 8 2 ‘ 8’. Zand Z’ use the same set of numb‘er‘s.'
8, 8’ use the same set of angles. NTHA is the number '
" of angles in this set. ‘ | |
6-10 , ' NOFZ, number of different values of Z (also Z') .

~ for which the respbnse'is calculated. '(-Ihteger)

o 11-15 o NFREQ, number of frequencies for which the .

. response is calculated. (Integer) |

- 16-20 ‘ o f\IMODES, number of mode shapes for which

fit data is avaiiable. (Integer)

2.1;25 | . o NBETA, numbér of B terms _'in Ql( Zo). (Integer)
2‘6-.3-0: : - NETA, number of ntexfm.s in Q‘Z(eo). (Integer)r
31—35 o - NAIY.,.PY, number of o terms in Q-I(ZO)' (Integer)
‘-36_-“4’0 I __NKZET, nﬁmbgr of ( terms in ‘Qz(ed). (Int‘ege;)v "
41»—4‘5 NGAM, number of y- terrﬁs'.in QI(ZO). (Integer)
"46'-5‘0V R ‘NEPS,V number of ¢terms in QI(ZO)'.A(Intege_r.) |
g . 5l.—55 _ N . NLAM: obsAole:te. | - :
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Columns
56760
61-65
66-70

71-75
76-80

Next Card, 1-5

6-10

11-15

CARD GROUP 2

" Columns

11-20, 21-30,
31-40, 4i-50,
51-60, 61-70,
71-80

Description

- N'STC”,_ ob';(;le‘.te
-+ NSS, number of KS'S 'in,Q3 (w). (Integer)

" NETA1, number of ﬁl‘s in Q3 (w). (Integer)

.NSIGi; number of \)0 _terms in Q3 (w). '(Integer_)
1 o

NE TA2, number of nz's in Q4 (w).- (Integer)

NSIGZ, nurhbér of \)O terms in Q3(u)), (Integer)
N , .
AISHOT, constant: set eQual to 1 for an initial run

I and set equal to 2 for a continuation run. I ISHOT=2

additional data (Z.JUN'K, -See Card Gi‘oup 13) will be
‘required. (Integer) '
NCROS, flég: If NCROS = 1 no cross terms will be
evaluéted in W. If NCROS = 0 all terms will be included -

in the summation for W.

Description

ZNOT, length of the cylinder in inches. (Floating

point)

Z, the Z component of the points for which the cross
spectral density of the response will be calculated.
All combinations of Z, Z‘, 8, 8’ will be used,

where Z ’ takes on the same set as Z. (Floating

point, NOFZ number in all)
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CARD GROUP 3

~Columns

11-20, 21-30,
31-40, 41-50,
51-60, 61-70
71-80 |

NOTE:

Description

RCYL, radius of the cylinder in inches. (Floating

péint)
TTH, 8, angular values for which the cross

spectfal density of the response are calculated.

(Floating point, NTHA numbers in all.)

. In the following three groups it is assumed the

number of terms for each variable is one. If there are more terms

the columns will be shifted appropriately.

CARD GROUP 4

Columns

1-10, 11-20

21-30, 31-40

 41-50, 51-60

_ Descfi‘ption

Al Ao

, constant pressure field term in Ql(Z),_
‘r‘e.al pa'rt followed by imaginary part. (Floating

point)
AAl, real and imaginary parts_' of,A1 ‘used in

Q l(Z), (Floating point)

'BB, Ba 8’ real and imaginary 'components of
, :

Bd 8" There will be NALP pairs of numbers for

B=1, followed by NALP pairs of numbers for .B=>2,

etc. If NALP=0 there must be two fields containing

zero. (Floating point, 2 x NALP x NBETA numbers

in all.)
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-, Columns " Description

61-70, 71-80 CC, CY o real and imaginary corﬁponents of

H

C e There will be NGAM pairs of numbers for
_e=1, followed by NGAM pairs of numbers for

€e=2, etc'. if NGAM=0 there must be two fieids
coﬁtaining zero. (Fl‘oating point, 2 x NGAM x

NEPS numbel;s in all.)

New Card
1-10, 1'1-20 : ZKALP, Ka, real and imaginary éomponents of
'Ka. There will be NALP pairs of numbers. (Floating o
point) '
21-30, 31-40 ZKGM, KY, real and imagihary parts of Ky.
There will be NGAM pairs of numbers. (Floating
point) ' ' |
CARD GROUP 5
© Columns - Description
- 1-10, 11-20 DD, DO’ constant pressure field term in Qz(e),

real part followed by the imaginary part (Float-
ing point) '

21-30, 31-40 DDI, real and imaginary parts of D used in
QZ(Q). (Floating point)

» real and imaginary components of -E .

50 51 . 'EE, E
41-50; 51-60 » B i

There vs;ill be NKZET pairs of numbers for n=1,
~ followed by NKZET pairs of numbers for n=2, etc.

If NKZET=0 there must be two fields containing

zero. (Fleating point, 2 x NKZET x NETA nﬁi’nbers 1

in all.) .
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Columns - Description’

61-70 ZKZETA, K_g, real and imaginary parts of K

‘There will be NKZET pairs of numbers, (Flgating
_po_int) | |

CARD GROUP 6 - |

Columns . Description

~1-10 HCA‘P,F HO, constant pressure term in Q3(w).

{ Floating point)

11-20, 21-30 .  ZKS, K, real and imaginary parts of K . (Float-
' point -- there will be NSS successive pairs of

Ks.' If NSS = 0 two zero fields must be present. )

31-40 ' TS, t_, appearing in 03(w). There must be at

‘least one field (which may be zero) and up to

NSS numbers. (Floating point)

41-50, 51-60 ZNN, NT] g real and imaginary components of

: ' 1’71 _

N . There will be NSIGI pairs of numbers for
My 9

le = 1 followed by NSIG1 pairs of numbers for ‘r]l =2,

‘etc. until the list of n is complete. If NSIGL = 0
two fields containing zero must be present. (Float.-I

ing point)

61-70, 71-80 ZNU, vn , real and imaginary COmponents of v_ .
- 1 M
There must be at least two fields and up to NETA1

pairs of numbers in all. (Floating point)-
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"Columns

New Card
1-10, 11-20

21-30; 31-40

CARD GROUP 7

. ZMU, v _, real and imaginary parts of v

. There must be at least two fields and up to

Columns

1-10, 11-20,

21-30, 31-40,
41-50, 51-60,

61-70, 71-80

CARD GROUP 8

Columns

1-10, 11-20,

21-30, 31-40,
41-50, 51-60,

61-70, 71-80

Description '

ZMM, M
22 % o
There will be NSIG2 pairs of numbers

» real and imaginary components of -

n2 %
for nz“l followed by NSIGZ pairs of numbers for
n,= =2, etc. until the list of n, is complete. If
NSIG2=0 two fields containing zero must be

present. (Floating point)
H.

NETA2 pairs of numbers in all. (Floating

point)

Description

AMNI1, O damping constants. (Floating point-

'NMODES numbers in all)

Description
WMN, w
nm

» modal frequency in cycles 'per second.
(Floating point - eight numbers per card, NMODES
in all.) ’
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CARD GROUP 9

Columns Description

1-10, 11-20, OM, w frequencies for Which the responses aré_
| 21-30, 31-40, - ‘ to be calculated. (Floating point - eight numbers

41-50, 51-60, per card NFREQ in all.)

'61-70, 71-80

CARD GROUP 10

Columns Description
1-10, 11-20, ZMAS, M_ _, modal mass. (Floating point --
‘21-30, 3 1-40, eight numbers pér card NMODES numbers in allv._)

' 41-50, 51-60,
61-70, 71-80

CARD GROUP 11

Columns. Description

1-5 - NTH, number of § terms in the fitting of the modal

data . (Integer)

6-10 © NKZ, number of Z terms in the fifting of the

modal data. (Integer)

11-15 = NCOE, number of non-zero terms in the fit,

excluding the constant term.

16-20, 21-25, MCO, index tagging the fit coefficients with the

26-30, 31-35, - appropriate trigonometric term. (Integer -

'36-40, 41-45,  NCOE numbers in all.)
46-50, 51-55, | |

56-60, 61-65,

66-70, 71-75,

76-80
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CARD GROUP 12

Columns ‘ Description

1-15 : " CON, constant term in the fité to the mode shapes.

(Floating point)
'15-30, 31-45,  COE, fit coefficients to the mode shapes. (Floating

46-60, 61-75 point -- NCOE numbers in all.)

Card groups 11 and 12 are repeated once for each mode
number. These two card groups are the direct output of the FITMSC

computer code.

CARD GROUP 13

Columns Description

. .
1-15, 16-30 ZJUNK, SA, summations involving terms like HII (Kp, Kq,

K_, K_). There will be NMODES groups of
cards with each group consisting' of NMODES

numbers, 5 per card. (Floating point)
NOTE: Card Group 13 will be present only for continuation,
runs when ISHOT 2 2. See Card Group 1. '

NOTE: To run the random beam problem set

1) R = RCYL = 1/2m

2) D, =D +i- D@ =1 + 0
3 NKZET = 0

4) Ep, = EE(1) + iDD(2) = 0

4) D, = DD(l) + iDD(2) = 0

6) NTH = 1 for all modes

3.3.11 Sarﬁple Input

Thé following is a listing of the input data used to obtain
the sample output 1isted in Section 3.3.13. Model 1 fit data from
FITMSC was used as input. Sample 1 is an initial run and sample 2

is a restart run. ‘
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n el jal i
o. -.5
'.I :2:
2. 2.855
.01 .01
187.4922 258, 4557
142, RTT
. 153. 154, 0 .
166, 168.
176. 178. .
265, 270,
. 284, . ?8B,
380, E
SB7I0NIET. _LTEH2241 ..
.20933483-01
285113 ag-01

- .12878921-0C1

.59023415+70

s8 82 -

-«2084T70TE 02
.11791609-01

14 732 5q . ,
.28414900-07 . -,17017767+71 53R69285+00
3 N - 5q

CS4158572+400 -.89123073- 170092856401
17 79 '

~.127727447-01 .11° EGEE401

T 18 2" 2y 30 27 29 54 €5
.T1489229-04  =,14072712-07 - ,48495815+57
«72658225-01 =-,22655292-01 . 360730804+00

~-.03219221-74 .. . o

s 7 .18 22 24 25 . 3n 29 54

84

56

TR



. @

. «22150£05-05
«11224375-01
20484 -n2
»619271004+07

e 35432442-14

«287R584T-0¢5

. .00880000
L5E1I0672F N1

2650732401

-.35457748~14
-~ 5221888 7-N¢’

L«QaNegoen

. ..»10059292-01

.55519809~-0¢&
. e2923023222-N7
-.39946752~N5

. .e.D00NDORTY

~.23508185-14

e 448725910-0F

o'

Lree G s

- .407NERER 05

...‘

.00070007
-+5%207267-N5
.conocoen

. —e187%399935-07
- «21759330-0%

- ..00030000

N LaTslalakala o B
«2717117a-"¢
+.70518327-n°%
14721088517

. +7825120N0+03
.annanenon

L e 10426590400

~e.T72318651-08

. ~e718019%73-14

-~ 41478517-N2
.nnooagen
.17888252400

.~115091483-06
.ANAN0NGN
.23033482-05
LTHENEZOG-N]

' -.22313412-06
,934NN51°-07
.gonanacn
,A2825837-N7
,000N00NA

- .B76UBNG2-NT
.687531N2-17
.nnannnen

-+16125866-05
.onnogoen

.- «10332720-0¢

«56106522-01

- =«11037

2257720-01

-v17924819-07
—n3
.oeapogen
C64147372-05
~e59388939-17
-<24538970-08°

-.26736174-18

-« 7450%8C6-03
L26471867-04
. 00000N0NGs

. ~449450580-07

+11258684-12
.ococoonn

-+59152063400

.2003ne0n
«860352009+01
~.13995749-1%
.14210855-13
.41957354407

-e14203916-13

-11297942+C7
» 300300487
-.£7288229-17
-»735828%57-0%
-.71019879~-14
~e251548474-07
1403289217
~e14137099-172
-.?71787127-0%
«NRCOCODND
«32982348-07

«%9388929-17 .

-.14238€10-13
~e78027732-0%
-.18E6264F1-0n
.11752475-05
-.1126729€-17
.0pozoenn
-ePE276887+01
. 00000070
L13826454401
. Tpooonnn
.mhapnnen
~e11797952407
.anpnoeen
$ T2R2T72IN4NT
.ocoonnorn
EaleYolalelslalel
—e167RRRII-N7Y
I olstslalalsls
-.17971187-0n5
. 20000000
.13428907-1"%

-.22537106-01
-.11332°11-33

L2€507292-01

.337527137-14
-.57879925-25
.00goeegn
L42572224-01
<61963097403
- IESHYTO-1T

-.54828254-04

00006000
-.34553275-01
.318rn387-15
.CNCeCco0o
-.29952€12-05
.00000003
.14226722-04
.87259181-04
.29802722-17
-.77597799-04
.00Conose
.12294711-03
-.21208235-15
-.35527137-14
.65237352-05
.0C000297
-.679970328-0%
-.99799539-06
.0aC00r00

LT eBI4287T40-02

.0"oeseon
-.12667332+0°
-.58613527-"y

.71082368-14

.723004624072

.goocoeeen
- 36622507400

.11785502-1¢

.ocoeonon
-.12369964-"6

.oocooeenn

«22217379-06
-.36028377-18

.07000000

.27419653-26
-.7450506-03
-.24228745-76
-.55837823-77

- Huupee21-15%5

«2N756735-16

»C0C0C0C00
-.1835S5C26-05

«17"027761-01

85

.13347271-03

~.70°47236-04

.19073436-05
.142563103-0%
alstalalaladele)

< 45207499-37
-.11630163-09

20200000 -
~.14421€685-C5

«593883713-17
- «369533252-07
-.11518734-78

aleisisialatal

~-.18881809-75

.00000C0G0

.007°00000
-.71054274-14
-.605204389-G6

.28421779-17
~.98204112-n8
~e27547409-13

.N0N00Co0

. «14426653403

+30oonNooa
«e52218745+01
~.86735174~18
« 2775557616
~«.3DE028722-0F
«19626451-08
-+97757167-07
-+13877788-16
L00noncace
2 45707555-25
.00700000
«13380293-C6
+46554760-09
. 200Cc0osnNo
«575279%41-07
. 302000000
«291E5202-0F
.J00genooc
.000CaCoo
-+319856376-07
atalaluislgials)
-.162710818-0%
Salelalalsledals
.JCNCNC30
.527918778+01
.230cC0000
«2E709TIT7+0
.20007320
L00C00000

.854263CT¥00
<48112Q81 400

.268843792-0%
-.34694877°-2 7
-.,6990NG628-07

<0o000nen

10878237 -ng

-, 3469447717

. +18081078-07
.nacoenge

L41866453403

.88817842-15
-.1128"961+02

.nooaeonn

.85Ma5357400
~.71054274-14

<.85236339401

.00C300Ge

-.18195811-05
.00030000

.60791107-07

.0000000"

-23285121-05
.oopooeone
«12379359-06,
LO0000000

-.6%32528%-75
.71088968-14

~.78778218-07
000802770

=,11280977+02

.0neoeoan
72524594072
L I5%27127-18

.86053338+71
02000000

=.21484949400

Logoogonn,

- .62969645-"7

.0NCCCo00
.31395113-05
.00090000

—.21858523-n4



S

ALY

.13928810-17

~«10u25783+0"

Q0030030
«RUTEN321407

T e 42578674-11

M DalolslaYolelo]

~e172567398+30

Esiaiaiatsiaboly

~+35695551401

|
I

£16227122~-07

- nC00000N

«28EC1627-07

«22341858-0%

-+£9320289323-17

«15757730-03

-«104082U1-15

«1078319%-05

«22202322-027

Nalalolslelefnln
W1798F5504+00
.00poenge
e3573725824+01

-s34572432-01

.710195793-14

-«370717874+00

.gnoocoar
«8732710354272

86

«25124913-C5

.59894658-09

.£5398£29-C7
.4034s871-07
.11541538-29

-.45213664-05

«33122257-29

-.11558868~05
-2111282C5-CH

.14321877-11

-.99885321n-07 -

.oocgcoee

.180029383r-ny
Melolalsfalalala
«78277914-07.
.0ngoogne



3.3.12 ' Déscription of Output

The input is printed immediately after being read. No
labels are printed. The order is the same as listed for the input

cards.

VARIABLE

'Freque.nc'y - W, fréquency of the calculation.

z - z

- Theta : 8 Coordinates of the:two points for

Z1 , oz . which the cross spectral density

THETA1 o 8’ of the response is cor’nputed;

Magnitude |W(z, 8, 2, 8’)|, magnitude of the cross spectral

density of the response.a‘t two points on the cylinder

~ PHASE v, Phase associated with W(Z, 8, Z”, 87)

3.3.13  Sample Output -

The following sample case was run with the sample -

input as data, -

87



¢

v W
® Y

o9 INPUT DATA®e®

| 3
4] 2
0)3200003
¢650000+02
e 00000 '
« 00000
« 00000
«16000-01
_e¢0000D0
e100N00=-01
21000001
028034+03
«10000+03
e 14900+03
016200+03
+17600+013
+19200+03
¢25400+03
«+28000+03
¢ 35000+03
+68788+00
+10214+01
4 4

71

. 0

4

L64891715=-05

4 4

4

t

~+50008+00
«25000~01 -

+ 00000

- +00000

+10000-01
«18749+03
«140030+03

+15400+023
«17000+03

«18600+03

*+22000+03
«27000+023

- +30000+03

++73884+00

A Y4 v 09

v11708251=03
6 -2 3
v18283015-04
) 2 3
«12709915-03
6 2 -2

~e54830642=06

4 4 4
016967464=05
4 4 5
-,10586593=013
-~,921589418=02

13 3 3
015926782=09
6 3 3
0014583651'08
7 3 2
»e19943995=-09
4 4 o1l

?oZZéllBlO’qé
»e76995498=04
-,a,20228178=013
4 4 Il
¢221504605-06
«11224375«01
«20484000~02

12 } 0 2 | 2 1 i
0 66000+02 «88000+02 011000+03
+ 00000 '
¢00N00 » 00000 » 00000 + 00000
+50000+00 +10000+00 025000=-0! =,1C000+00
+ 00000 + 00000 " +00000 «1Cc000+01
+ 00000 +000COo +30000 « 00000
+ 00000 , , -
«1C000~-01 »10000-0!  +10000-01 +10000-01
¢ 10090=01 : .
+14984+03 2154434023 ¢15443+02 17017403
+280346+03 _ ,
¢11000+03 v 12000+03 »13000+03 +13500+03
+15000+03 «15100+03 +15200+03 « 1-:5300+03
v 16400+03 . +164600+03 16800403 +16900+03
+17800+03 «18000+03 18200403 «18430+03
¢ 19400+03 2+ 19600+03 +20000+03 «21000+03
+25600+03 25800403 026000+023 026500+023
v28200+03 +28400+03 +28600+03 +29000+03
062636+00  +56982+00 ¢56544+00 +10899+01
' 10061+01 :

3o 32 62 b4 _ .
=e75502460+00 ¢25676082=01 =¢61556394+00

30 32 62
¢63559545+00
9 22 4%
e 1914374601
22 33 4%
016226757+00
11 24
-420595947-01
26 28 58
v 61843181+00
22 26 28
- H9544157=03

1y 33 69
*88414990~02

A3 50 59 .

e54168539+00
17 39
~e10770447~01
7 18 22
+71489229=04
022655226=01
=e90219221=04
5 7 18
¢22537380~01

=e17934819-=013

=+11030000-013

64
=e21614622-01

+98810329+00
«19080996=01
+98730116+00
60

-e95938868-02
58 60

~e79255699+00

~4s10017767+01
-~+¢89123033~02

e11265665+01
24 30 7
~«14072712-03
~022655292=01

22 24 26

~e22537106=01
~e11332811-03

88

-e77966249+00

0 16254598+00

-e¢98501851+00

+830184614+00

+12295176=-01

+538469285+00

v 10092856+01"

39 54 56

-¢48495815+00

+86073080+00

oD 39 54
$13347271~03

-e70947395=04

«209334813+-01

«26513895-01

-.12878921-01

+590139415+00

58 62
~e20647036=02
e11291609-01

- 56 58

«85426307+00
e48112981+00

e . e -




FREGUENCY

CLlLLece+c?

«1LCCC+C3
s10LLCH+C2
L1LLCCeC2

JlLCCCC?

C1LCCC+02
L1LLCCHC2

L1LLLCHE2

«10LLLC+CT
«110CC+C2

«11CCC+C2

«11CCC+(C2

sllCCC+C2

s110CC+C2
«110CC+C2

"o 11CCC+L2

sl11CCC*C2
J11CCC+C2
«12CLCHC?
.120CC+C2
J172CCC+C2
J12CCC+C2
.12C0CC+C2
.120CC+C2
«120CC+C2
s120(C+C2
s12CCCH+C2
s13CCC+C2
s17CCC*+C2
L13CCC+C2
$120CC+C2

- «13CCC+C2

«12CCL+C2
«13CCC+C2
»120CC+C2

e12CCC+L3

e 125LC+C2
«13SCC+C2

w13ECC+C3

«14LCC+C2
+14CCCH+C2
«lulCCe+C?
«lUuCCC+C3

e JUCCC+C3

«14¢CC+C2
«14CCC+C2

i
-
JEECCC+C 2
+EECLC+L2
JEFLLL+C2
sB3LLL L2
eBOCLL*(2
«83CLC+C2

S ellCLLAC2

S11CLE+L3
s 1ILLC+C2
+BECLC+CZ
SsEECCCL*C2
SEELLL+(2
s 9FCLL*+L2
«83CLL+C2
«RRLLLC*L2
«11CLC+C3
«110CC+C3
+11CLC+C23
ebeCLC*+(2
eSELLLC+C2
sBEBCCLC*L2
«33CLCC+L2
«P8CLL+C2
«83CCLC+C2
sllCLce+Cz

«12CLLC+C3

s11LLC+C3
e68CLC+C2
eBECCC*+L2
sBELLEAE2
«82CLC+C2

.83CLC+C2

»8RLLC*+L2
«11LLC+C3
»11CLC+C3
.11C0LC+C2
s EECCL*+L2
«BELLL+C2
oEECCLAL2
«83C0LC+C2

s BECLCL+LC2

28YLLC+C2

L110CC+L3

s11CLC+C
ellLLCHCZ
«6ECLC+C2
«BECCC+L2

«EECLL+C2 .

«RBCLLC+C2
«83C(CC+C2
« #8CLLCHL2
«110LC+C3

THETA

.cccce
.ceecec
.cecec
N ddds
.oeecc
.coeee
.Crree
.ccccc
.ceece
.cccece
.creece

JLreecce

+LCLLL
LCLLCC
+LLCLL
+CLCCC
«LCCCLC
»CCLCC
+LLLLCL
«LLCCC
«CLCCC
JLLELCr
+LLLCC
.CCCCC

s CLELCC

.cccce
.reeee
.ceece
.Crcee
.CLeee
.cecee
.crecece
.ceeec
.cceec
.ceeee
.cccece
.ceeee
.cceec
.cccec
.Lecee
LCCcec
.cecee
.ceecee
.cccee
LCCCLC
.ceeee
Na3q4s
.ceeee
.ceeec
.CLoee

-+ CLLLC
«LCCCC

21 :
#EECCC+L2
«88CLC+L2
S110C0C+C2

«BECCC+C 2.

o 88LLCC+L2
«JILCCC3
+BECCLHL2
<880 CC+L2
«11LCC+C3
«8ELLC+C2
.8ErCCHL2
«110CC+C3
eEELLCLE+L2
«88L CC L2
e11CCC+L2
o EBCLC+ 2
«88LCC+L2
«11LCC+2
sEECCC+L2
«88LLC+2
«11LLC+L3
«BELLCC + 2
«880CC+L2
«11CCC+C3
«EECCC+LZ
«88LCC+C2
e11LCC+(2
«BBLLC+C2
SBEBLCL+L2
«110LL+C3
«EECCC+L2
« 880 CC+2
2 11LLCC+L2
«EELCC+L 2
«11CCC+C3
.EELLC+C2
«83LCC+C2
«110LCC+03
«6EL CC+L 2
«880CC+L2
«11CCC+C13
+EECCCH+L2
«83L LC+C2
«131LCC+C3
«EEL CC (2
«BECCC+L2
«110CC+C2

sBECCCHL2 -

«88L LC+C2
+11LLC+L2
«EBELCL+(C2

THETAL
.CLCCC
.CLCCC
.cccee
«CLCCEL
.CLCCC
.CLCCC
LCLCLL

.ceeee
.ceece
.cccee
.0CCec
.cecce
.cLece
.ceeec
.cCeec
.cccec
Nilqdds
.cccec
.cceec
.Croee
.CCCCC
JCLCLC
.CCCLE
.cecec
.ccece
.ccece
.ccecc
.creee
.crecc

+CCCCC

+LCCCC
«CCLCCC

«LLCCC .

.ccece
.CLCCC
LCECCL
.CLcLC
.ccece
.CCCCL
LCCCCC
.LLCCE
.CCCLL
.cLece
.cLeee
.CLecc
LLLCLC
.ccece
Lcoece
.CCCCC
.ccece
+CCLCC

OYNAMIC PESPON

MAGNITUDE
«84C99-CE
«45882-CE€

.25281-CE

«45882-C6H

" «399€9-CE

«22488-CE8

e25281-CE

.22488-CE€
«12864-CE
.752C8-C6
<E3756-CE
+3SC97-CE
<E37SE-CE
«S5178-C6

«23(284-CE

«15C€97-Cé¢
«17€16-C6
e 11772-CF
.99725-C6

e SHEL2-L6 .

«23728~-CE€
«85719-(¢
J47€84-~-C6
»S04822-LF€
«47688-C6
«2E783-LE
«22824-CS
«13222-CS
«19222-CS
«l€488-CS
«91C723-CE
«1CE598-CS
«31022-(E
«SCECH~-CE
«27C86-CE
«31382-CS
«17186-CE
«31352-C5
e 2FES53-(E
«14662-CS

“e1718€-CLE

«Juce2-CE
«8C289-CE
«£2792-CS
«24284~-CS
«€2782-L€
«S21€E6-CS
+221CS-CE
«34284-CS

P
«1€
o1&
«1E
e18:

.18

o188
o187
«18
o18
18
o1
18
«18
«12
ol 8
e17
.18
18
o 17
ole
«1¢
.18
o172
ole
o 17
13
18
«19
ol£
18
ol€
18
o1
18
e1%
o1
«1F
o1&
o186
18

o181

e18i
o1
19
181
o179
«1F1

o181

o171

o181

o1 El
«1°




3.3.14 . Code Expansion-

The following is a list of minimum storage requirements

+ for running the code.

, »VARIABLES IN MAIN CODE
AA (2)

- AAL (2) | |

AMNI1 - (2 - NMODES)

~AMN2 (2 « NMODES)

ASM - NMODESNTH(i), NKZ -

~ ASMST =1 - max
BB (2 - NALP, NBETA)
BCAP (NALP, NBETA)

| (NMODES _ >

BSM NTH(i), NKZ
BSMST =1 max
cc (2 + NGAM, NEPS)

CCAP (NGAM, NEPS)
- COE (NCOEE , NMODES)

max . ’

CON (NMODES)

DD (2)

DD1 - (2) ,

ECAP (NKZET, NETA)

EE - (2 + NKZET, NETA)

FF (2 « NLAM, NSIG)

GHAT (NFREQ, NMODES)

GHATS (NFREQ, NMODES)

MCO (NCOEE , NMODES)

max
MCOEE (NMODES)
NKZ (NMODES)

- NTH (NMODES)

90



oM
OMEG1
OMEG?2
o

. PHI

‘TS

TTH
WMN
ZJUNK
ZKA
ZKALP
ZKGAM

- ZKGM

ZKKS -

ZKP

ZKPP
ZKQ
ZKQQ

ZKS
ZKZET
ZKZETA

- ZLC

ZLCS
ZLI
ZLL
ZLLS
ZMASQ
ZMCAP
ZMM
ZMU
ZMUCAP
ZNCAP
ZNU
ZNUCAP

(NFREQ)

(NMODES)

(NMODES)

(4 « NKZ . NKZ )
’ max max

(NOFZ . NTHA . NMODES)
(NSS)
(NTHA)

' (NMODES)

(NMODES, NMODES)
(NALP)
(2 « NALP)

- (NGAM)
(2 « NGAM)

(NSS)

(NKZ )
max

(NKZ )
- max

(NTH )
max

oTH )

(2 + NSS)
(NKZET)

(2 « NKZET)
(NB) '

(NB) ]
(NB, NB)

(NB) J
(NB, NB)
(NMODES)
(NSIG2, NETA2)
(2 « NSIG2, NETA2)
(2 « NETA2)
(NETA2)
(NSIG1, NETAI)
(2 « NETA1)
(NETA1)

9]

where NB =

1 + maximum of
NBETA, NEPS, -
NE'I_‘A, NSIG



BCAP
CCAP
FACT

-.SM2

SM4
-ZKA
2ZKGAM
" ZLC
Z2LG
ZLH
Z1l1
ZLL

'VARIABLES IN FINDI

(NALP, NBETA) or (NKZET, NETA) whichever is larger
(NGAM, NEPS) or (NLAM, NSIG) whichever is larger .

(NBETA) or (NETA) whichever is larger.
(NBETA) or (NETA) whichever is larger.
(NBETA) or (NETA) whichever is larger.

(1)
(1)
(1)
(1)
(1)
(NB, 1)
(1}

where NB is the largest of NBETA, NETA,

NEPS, NSIG + 1

NOTE (*) variables may appear in Main and INIT.

| NOTE: The fbllowin'g variables must be dimensioned"

" the same to avoid errors in subroutine FINDI, (BCAP and ECAP).

These arrays must be based on the largest of (NALP, NKZET),
(NGAM, NLAM), (NBETA, NETA) and (NEPS, .NSIG). The present

form allows up to ten values for the above variable . The dimensions

of ZLI should be based on the larger of (NBETA, NEPS, NETA, NSIG)

+ 1.

3,3, 15

Code Listing

(following)
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COMPLEX ACAPQBCAPQCCAPQDCAP’ECAP!RESPS’IKA’

® I ZNCAP, ZNUCAP, OMEGL, OMEGZs PHAT, GHATy CN, CM
. 29ASMyBSMyASMST yBSMST »SMaCB1 9CB29GHATS

39ZKKS9ZJUNKsS2Ps Py ZMCAPs ZMUCAPs A1CAP9ZKGAMs D1CAP, ZKZET{
4 SM1 ‘ L

COMMON /A1/NBETAsNEPSsNETANSIG
__ COMMON /A2/ZL1(20420)
° " COMMON ZLL (207 5ZLC(20)sZLLS (20)52LCS(20)
2 1eZLLJ20) 9ZLCJI(20) 9ZLLSI(20) #2LLCSU(20)

DIMENSION AA(2) sBCAP (10910) BB (20910 sCCAP(10910)5CC(20510)+00(2)s *“

1 ECAP(10910)9EE(20+10)+ZKA(20)

2 IKALP(40)¢TS(40)9 ZNCAP(10910)9 ZMCAP(10+10) ZMM(ZO’IO)’

- 3 ZNN(20910)9s ZNUCAP(20)9s ZNU(40)+ OMEG1(50)9 AMN1(100)s OMEGZ2(SO0)s
® 4 AMN2(100)s ZKKS(20)s ZKS(40)s 2(100)s TTH(100)s WMN(S0)s OM(TS)
SvZMAS(SO)vASM(IOle)vBSM(?Ole)oMCO(lSydO)oNTH(bO)oNKZ(bO)oCON(SO)_
6+COE (15930) sNCOEE(30) +ZKP(100) 9ZKQ(100) 9 BSMST(70+10)
T9ASMST(70+10) »

8 PHI(IOO)96HAT(75925)9P(800)ySdP(GOO)9ZMUCAP(20)sZMU(40)9
9 ZJUNK(20+20) s GHATS(75925) 9 ZKPP(50)s 2ZKQQ(S50)s AAl(2)»

. T # ZKGM(40) s ZKGAM(20)s DD1(2)s ZKZETA(40)y ZKZET(20) . ‘ :
 EQUIVALENCE (ACAPsAA)y (BCAPsBB)s (CCAPsCC)s (DCAP+DD)s (ECAPSEE)s

1 (ZKKS9ZKS) 9 (ZKA9ZKALP) ¢ (ZKGAMs ZKGM) o
2 (ZNCAPsZNN)s (ZNUCAP¢ZNU) s (OMEG19AMN1)s (OMEG29sAMN2)

37 (AICAP,AAL) 5 (DICAP,DD1) s (ZKZET+ZKZETA)
4y (IMCAPsZMM)s (ZMUCAPsZMU)

"THNT=6,.2831853
THCON=57,29578

CM=(0e91.4)
PI2=6.28318530

TP 1=3.14159265
1 READ (5531) NTHAsNOFZsNFREQyNMODESsNBETAsNETAsNALP sNKZET9sNGAMy
1 NEPSs NLAMs NSIGs NSSs NETAls NSIGls NETA2s NSIG2e ISHOT ~
® 1sNCROS :
- WRITE(6+38) ' ‘ - R T
WRITE (6931) NTHAsNOFZoNFREQsNMOUES sNEETAsNETA+NALP sNKZET o NGAM o

1 NEPSs NLAM»s NSTGs N$Ss NETAIs NSIGIs NETAZs NSIG2s ISHOT
1sNCROS S N | |
IR0 wp e o o .
e LB=NBETA |
T LD=2%NGAM
LE=NEPS

TF(LA.LT.2) LA=2
IF(LDeLTe2) LD=2
° IF(LEeLT.1) LE=I |
CREAD (5432) ZNOT+(Z(I)eI=14NOF2)
WRITE(6934) ZNOTs(Z(I)sI=19NOF2)

READ (5932) RCYLy (TTH(I)sI=1sNTRHA)
WRITE(6934) RCYLe(TTH(I)9I=1sNTHA)
. READ (5432) AAsAAls ((BB(LsJ)sL=1sLA)4J= 1sLB) s ((CCL1sL2) sL1=1sLD)s
L 2 1L2=1.Lt).(zKALP(K),K 1oLA) s (ZKGM(KK) sKK=19LD)
C WRITE(6934) AASAAL ((BB(LsJ)sL=19LA) U= l’LB)’((CC‘Ll’LZ)’Ll loLD)’
1 Le= leE)o(ZKALP(K)vK~loLA)q(leM(KK)oKK leD)

CA= Z“NKZET T | | o



LB=NETA+] ' o = } : ,
IF(LA.LTW2) LA=2 ' S IR
IF(LBeLT.1) LB=1

READ (5932) DDsDD1ls ((EE(LsJ) sL=1sLA) sJ=1sLB) s _

TT1CZK2ETA(K) sK=19LA)

WRITE(6434) DDoDUlv((EE(L’J)QL 19LA) s J=19LB)s

e

l(ZKZETA(K)oK loLA)

LA= NETAI
LB=NSIG1#2 ) I e
IF(LJelLTel) LJU=1 :

LK=2%LJ

IF(LA.LT.1) LA=1
LC=2%#LA
IF(LBeLT2) LB=2
LE=NETA2
LF=NS1G2#2
IF(LE.LT.1) LE=1

LG=2%LE
IF(LFLTe2)LF=2 ,
READ (5532) HCAPs (ZKS(I)yl= 1sLK) s (TS(J) 9J=19LJ) s ( (ZNN(L oK) sL=1sLB)

o LaK=1aLA) s (ZNU(M) 9M=11.C) o ((ZMM(L19L2) oL 1=1sLF) sl 2=1sLE) o (ZMULL3) sL .

23=15L6) | »
WRITE(6934) HCAPs (ZKS(I)oI=19LK) o (TS(J)9J=19LJ) s ((ZNN(L oK) sL=1+LB)

1oK=19LA) 9 (ZNUIM) sM=13LC) s ((ZMM(L1sL2) oL 1= loLF)gL2=19LE)o(ZHU(L3)vL
_23=1sL6)
LJ=2#NMODES

WRITE(6934) (AMNL(1)s1=24LJe2)
READ (5432) (WMN(I)+sI=19sNMODES)

READ (5532) (AMNL(I)sI=2sLde2) e

14

WRITE(6934) (WMN(I)sI=]19+NMODES) _ : . _
READ (5932) (OM(Q)I= loNFREQ)“___'W. L e

 WRITE(6934) (OM(I) 1= l’NFRtQ)

OM(I)=PI2¢OM (1)
J=0

DO 14 I=1sNFREQ . A

15

00 15 I=1sNMODES

WMN (I)=WMN (1) #PI2

NENDY

AMNL (J)=AMN] (J) ®WMN (1)
CD=P1/2ZNOT

DO 42 I=1sNTHA

42

TTH(D =TTH(I)*. 0174532925
READ (5532) (ZMAS(I)+1=1,NMODES)
WRITE(6+34) (ZMAS(I)+I=1,NMODES)

=1 .
DO 20 I=1+NMODES
L=L+2

AMNI (L) SWMN (1)
AMN2 (L) ==WMN (T)

AMN2 (L+1)=AMN] (L*1)

RR2=RCYL®#®2

DO 43 I=1.NFREQ '

DO 43 NM=1,NMODES ‘ e

GHATS (LoNM)=1. /((OM(I)*OMtbl(NM))G(OM(I)*OMEGZ(NM))'ZMAS(NM))'
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43 GHAT(lLsNM)==1. /((OM(I)-OMEGI(NM))§(0M(I)-0MEGZ(NM))*ZMAS(NM))

CALL INIT(ZNOT9ZLL9ZLCyZLLJ9ZLCY)
CALL INIT(PT9ZLLSeZLCS92LLSJ92ZLCS

MAXKz'lo .

J)

MAXQ--I e
LC3=0

s

DO 102 NM=1,NMODES

READ (5,31) NTH(NM)oNKZ(NM)oNCO&o(MCO(LqNM)vL =1+NCOE)

C0=+25/SQRT (ZMAS (NM))

" WRITE(6931) NTH(NM) sNKZ(NM) sNCOE 9 (MCO (L oNM) sL=19sNCOE)
READ (5+30) CON(NM) e (COE (L9NM) oL =1+NCOE) -
WRITE(6930) CON(NM)y (COE (LoNM) sL= I'NCOE)

U NTHS=NTH (NM)

“NCOEE (NM) =NCOE
IF(ISHOT.GT.1) GO TO 102
NZS=NKZ (NM) '
NZSl = NZs - 1

NTHS1 = NTHS - 1

© 00 110 J=1eNTHS

DO 110 K=]1sNZS
I=K+LC3

ASMST(19J)=(0e90.)

TBSMST(TsJ)=(0es04)
BSM (I9J)=(0e90.)

110 ASM  (I+J)=(0e90.)

T TASM(LC3+l.1)=CA

CA=CON(NM) #CO

BSM(LC3+1s1)=CA
00 6 LL=1+NCOE
L= (MCO (LL sNM) =1) /NKZ (NM) +1

M=(L=1)/NTH(NM) ¢}
L1=MOO(L=19sNTH(NM))

T 2= MOD(MCO(LC.NM)-lcNKZ(NM))

T p2siLe’

Dl=L1

L3=L2+1+LC3

c

L4=L1+1
CB=COE (LL sNM)

GO TO (8+49910911) M

8 ASM(L3sL4)=ASM(L3sL4)+CB

BSM(L3sL4)=BSM(L3sL4) +CB

- WRTITE(6431)° NMoLloL29L3’L49L9M9LL

T TTTTTTTASMS T IL 3L L e =ASMST (L3,L4) +CB

BSMST(L3sL4)= BSMST(L39L4)*CB
GO 10 7

9 CN=CM%(Cg

ASM(L3sL4)=ASM(L3sL4)~CN
BSM(L3sL4)=BSM(L3sL4)+CN

T T REMS T UL I L4 SASMST (LIS L %) ¢CN

10

BSMST(L39L4)=BSMST(L3sL4)~CN
GO TO0 7 o
CN=CM=CB
ASM(L3sL4)=ASM(L3+L4)~CN
BSM(L3sL4)=BSM(L3sL4)=-CN

‘ASMST(L39LQ)=ASMST(L3'L4)*CN

95



BSHST(L3,L4)=BSHST (L3541 +CN
- 60 TO 17 S
11 ASMULIsl4) =ASM (LI sL4)=CB”
®  BSM(L3sL4)=BSM(L3sL4) +CB
' ASMST (L3sL4)=ASMST (L3sL4)~CB
BSMST(L3;L4)-BSMST(L3¢L4)*CB , C .
7 CONT INUE '
6 CONTINUE
" 'DO 18 IP=1.NZS1
® | 3=IPeleLC3
DO 18 IT=1,NTHS1
La=IT+1
ASM{L3sL4)=ASM(L3sL4) #CO.
BSM(L39L6)=BSM(L3sL4)*CO
ASMST(L34L4)=ASMST (L3sL4)*CO
® 18 BSMST(L3I4L4)=BSMST(L3sL4)*CO
ASMST(LC3+1+1)=ASM(LC3+1,1)
BSMST(LC3+191)=BSM(LC3+1y1)
LC3=LC3+NZS
 IF(NZS.GT.MAXK) MAXK=NZS
TTIF (NTHS L GT MAXQ)Y MAXQ=NTHS
® )02 CONTINUE .
IF (ISHOT.LE.1) GO TO 199
DO 198 NM=1,NMODES
198 READ (5530) (ZJUNK(NMsNMM) sNMM=14NMODES)
. G0 TO 321 .
199 ZB=0.
® DO 265 I=1sMAXK
ZKP (1) =278
ZKPP (1) =28
265 2B=2B+CD
DO 201 I=1+MAXQ
C T ZKQUI) =FLOAT(I=1)
® 201 zkQa(l)=zKka¢l)
IL=0
DO_202 1=19MAXK
DO 204 M=1,2
. ZP=ZKP(I)
DO 203 L=1s2
® D0 203 JsIJMAXK
ZR=2KPP (J)
IL=IL+]
CALL FINDI(ZPsZRsACAPsA1CAPyBCAP +CCAP +ZKAsNALP sNBETA»ZKGAMsNGAMs |
INEPS s ZNOT 9P (IL) #ZLL 9 ZLCoZLLJ 9 ZLCS)
203 ZKPP (J)==ZKPP (J)
® 204 ZKP(I)==ZKP(I)
202 CONTINUE
CIL=0
DO 722 IS1sMAXQ
DO 724 M=1+2
 ZP=ZKu(1)
°® 00 723 L=12
DO 723 J=1sMAXQ
ZR=ZKUQ (J)
IL=IL+1




CALL FINOT(ZP9ZR¢DCAP¢UICAP9ECAPoZKZEToNKZEToNETAoPIoSZP(IL),

12LLS»ZLCS9ZLLSY9ZLCSY)
® 723 ZKQQA(J)==-ZKQQ(J)
724 ZKQ(1)=-ZKQ(I)
7722 CONTINUE

IN=0

" NZ42z=a4vMAXK '
NT42=44MAXQ
DO 300 NM=]s+NMODES
IN2=0
NP =NKZ (NM)
NQ=NTH (NM)

IN3=(
IN1=0
DO 301 NMM=]4NMOUES
NR=NKZ (NMM)
NR2=MAXK+MAXK
NR3I=NK2 +MAXK

TNQS=NTH (NMM)
NQS2=MAXQ+MAXQ
NGS3I=NQS2+MAXQ

 SM=(0490.)
IM=IN
IN2=0

DO 305 TP=1eNP
IPl=]IN2
IMI=IN]

IM=IM+ |

DO 304 IR=1sNR
IP1=fPl+}

IPI1=1P1+MAXK

IP12=1P1+NK2
IP13=1P]1¢NR3
IMl=IM]l+1
IN3=0

00 303 IQ—loNO

- IS] I_Na.m e e e e ‘.,_._.__.,..A.IA_,*.._..T.‘.T R _>_ . - V o .. e e

DO 302 IS=1sNQS -
- IS1=IS1e+l '

IS11=IS1+MAXQ

IS12=1IS1+NQS2

IS13=1S1+NQS3
‘”SW?HTA?NHIﬁ‘oITST‘*TASM‘?TWT;TS)“P(TP’IHSZP(IS!HASMST(IMX IS) 4P (1P
1 )9S2P (IS11) +BSM(IMLIS)#P(IP11)#S2P(1S1)+BSMST(IML+IS)*
2PUIP1)#S2P (1S11))+BSMEIMeIQ)#(BSM(IM1IS)#P(IP13)#S2P (1S]1)+

3 BSMST(IM1+IS)®P(IP12)#S2P(IS11)+ASM(IML,IS)#P(1P12)%S2P(1S1)
4+ASMST(IM1oIS)#P (IP13)#S2P (IS11))+ASMST (IMs1Q)®#(ASMST(IM1,IS)#
SPUIP13)#S2P (1S13) ¢ASM(IM],IS)#P (IP12)#S2P (1S12) *BSMST (IM1+1S)*P(

T IR T2V eSS 2P (IS 3) YBSM(IMIZ IS ®P (IP13)%82P (1S12) ) +BSMST(IMe 1Q) ¥ (BSMST

6(IMleS)“P(IPl)“SZP(I§l3)*BSM(IMIoIS)‘P(IPII)“SZP(ISIZ)OASNST(
7IM19Ib)“P(IPll)“SZP(ISI3)OASM(IMI'IS)“P(IPI)‘SZP(ISIZ))

302 CONTINUE

IN3=IN3+NTG42

. 303 CONTINUE

304 CONTINUE
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305 CONTINUE oL L

301 CONT INUE

IN2=IN2¢NZ42 N

ZJUNK (NMyNMM) =SM
INI=INL*NR

IN=INeNP

300 CONTINUE -

DO 322 I=1sNMODES _
PUNCH' 30+ (ZJUNK (15J) s J=1sNMODES)

321 NRITE(6’37)

NN=0-

322 WRITE(6934) (ZUUNK(IsJ)9J=1eNMODES) .

. 72=721B)%CD _

DO 200 IB=1sNOFZ

DO 210 JB=1sNTHA
TH=TTH(JB)

DO 507 NM=1,NMODES
~NN=NN+]

PST=CUN (NM)
NCOE=NCOEE (NM)
DO 506 LL=19NCOE , ,
L LE(MCO(LLINMI=1)/NKZ(NMI#L =
M= (L=1)/NTH(NM) +]
L1=MOU(L-1sNTH(NM))

L2=MOD (MCO(LLsNM) - lyNKZ(NM))
o D1=L1_

02=L2
WRITE(6931) NM9L19L29L39L49L9M5LL

GO TO (2939495) M

2 PSI‘PSI*COS(DI“TH)*COE(LL9NM)“COS(DZ*ZZ)

© GO TO 506
-3 PSI-PSI*COS(DI“TH)“COE(LL;NM)“SIN(DZ*ZZ)

60 TO 506

-4 PSI= PSI'SIN(DI“TH)“COE(LL’NM)*COS(DZ’ZZ)‘

GO TO 506
5 PSI=PSI+SIN(D1#TH)#COE(LLsNM)®#SIN(D2#22)

506 CONTINUE

507 PHI(NNI=PST

WRITE(6935) IBsJB92ZsTHePSI

210 CONTINUE
200 CONTINUE

WRITE (6936)

DO. 220 LB=1.NFREQ
SM=(0e90.)

PHAT=HCAP

IF (NSS.LT.1) GO TO 224
DO 221 IS=1sNSS

221 PHAT= PHAT*ZKKS(Ib)*CEXP(-OM(LB)“CM“TS(IS)}

224 IF(NETAl.LT.1) GO TO 825

DO 222 I=1sNETAI o
"CB121./(0M(LB)=ZNUCAP (T))

_ CcB2=CB1

" SM=ZNCAP(1s1)#CB1
IF(NSIGl.LT+2) GO TO 222

DO 223 JU=2sNSIG1




€B2sCB2%CB1 = . T
223 SM=SM+ZNCAP (Js 1) 4CB2 -

222 CONTINUE
825 IF(NETA2.LT.1) GO TO 826

- DO 822 I=1eNETAZ
CB1=1./(0OM(LB)-ZMUCAP(I))

CB2=CB1

SM= SM’ZMCAP(I;I)'CBI
IF(NS1G2.LT.2) GO TO 822
DO 823 J=2sNSIG2 :

T TCcB2=CB2#CB1
823 SM=SM+ZMCAP (Js ) #CB2

822 CONTINUE
‘826 PHAT=(PHAT+SM)#RR2

225 NMDX=NMODE S®NGF Z#NTHA
1P=0

D0 913 18=1+NMDXyNMODES
IP=1pP+]

TP2=(IP-1) /NTHA+1]
IP4=MOD (IP-1sNTHA) 1"

TTTTIP1=0
. DO 914 JB=1+NMDXsNMODES

BEI T
IP3=(IP1~-1)/NTHA+]

— IP5=MOD(IPI-1sNTHA) +1
 SM=(0e90.)

T IL=18
IF (NCROS.EQ.1) GO TO 918

‘DO 915 LZ=1+NMODES
JL=JB

2 134 FORMAT(4T5+8E12.6)
SM13SM1+PHI (JL)#GHATS (LBoLY) ®2ZJUNK (LZsLY)

SM1=(0.90.)
DO 916 LY=1sNMODES

- C WRITE(69134) LB,LYQLZoJLoPHI(JL)QSMloGHATS(LBvLY)oZJUNK(LZoLY)

JL=JL+]

ot

918 DO 920 LZ=T+NMODES

916 CONTINUE
SM=SM+SM1#PHI (IL) #GHAT(LBsLZ)

© IL=ILel
915 CONTINUE -
GO 10 919

T WRITE(64134) LBvLBoILTEZySMTSMI?PHI(TL);GHAT(EB}LZY*”'ﬁmwm”"“““m”“Lm

JL=JdB+L2Z-1

 gM= SM*PHI(JL)*GHAT&(LB;LZ)“ZJUNK(LZsLZ)OPHI(IL)“GHAT(LBoLZ)
® IL=ILs]l |

920 CONTINUE
919 RESPS=SM#PHAT

- C WRITE(6934) SMePHATIRESPS

o IF (ABS(X) .GTe1.E-16) GO TO 243

- X=REAL (RESPS)
TTTTY=AIMAG(RESPS)

7T PHASE=1.5707963
"~ IF(YeLTe0s) PHASE=PHASE+PI

60 TO 242

J T PR N - . B L T e



[
243 PHASE=ATAN(Y/X) - ' 4 ;
o IF(xaeY) 24092419241 S S S
@ 241 TF(XeLT.0.)PHASE=PHASE«PT ” ' ' ‘
GO V1O 242 . ~ - - )
240 PHASE=PHASE+PI] o T
IF(XeGTe0.) PHASE=PHASE+PI . - R :
242 WMAG=SQRT (X#82+Y8#2)
_ PHASE=PHASE#THCON e
@ OMM=0M (LB) /P12
TTIA=TIHCIP4)®#THCON L
TT2=TTH(IPS) #THCON
_WRITE(6934) OMM.Z(Ipz),Trloz(xPJ).Trz.wnAG.PHASE
914 CONTINUE . . .
913 CONTINUE : : : e ' : —
® 220 CONTINUE E o
. GO 710 1 S
30 FORMAT(5E15.8)
31 FORMAT(1615)
‘ 32 FORMAT(8E10.3)
.34 FORMAT(1X910E12.5) .
® 35 FORMAT(2I599E12.5/(1X910E12.5)) ,
36 FORMAT(1Hl+64X916HDYNAMIC RESPONSE 74X 9 SHFREQUENCY 9 6X s 1HZ 98X o :
1SHTHETA99X92HZ 1 98X 9 6HTHETAL 96X 9 IHMAGNITUDE 9 SX 9 SHPHASE )
37 FORMAT(24HO®#2END OF INPUT DATA###//) .
38 FORMAT(17H1##2INPUT DATAnu##). B
" END - .
. .
aron.rf INTT :
- SUBROUTINE IMTT(ZL o2l L 2l Co.ZLL 30 ZLCI) .
3 COMMON/AT/NETTAINEPSYNETASNSIC ,
: .._“Mm_m.rounou-/A7/7L'r7042ni e et e e e
- DIMENSTON 7LL(1)v7LC(1)vZLLJ(1)o’LCJ(l)
e M BTMAX DA NBETA W NERS S NETALNSIG )41
- 7Lt=1. . _ i
~ 4 B B Bl PO e e
. : 7"“'1 . . . A
"Mka*wwﬂo A0 TS e NB e e e
- ZLLJeT 7"L1J o
ZLLATLZZU Y i et e
‘ , ZLCJCTYISTL1Je 7N . . , , .
o e 2 ZLCA TN ZZU L MZN o ot et e e et e o
® TLTCY1)=2N ‘ ' ’ ' -
e eeorarem e e L T N e et et e et e e o+ = = o erm o oo - e -
-~ T3=Y , ; _ ,
00..11..L=2 Na- e b o ~tmra o b+ ST <SPk 3R S 354% $mm ABRARE 5 TAEE sr
FL=FL-1. ' S U ,
- — SZLILIBALNLY S ZLILIB:L SLLEL e e s e e, e S it
® 11 73=I8+1 . _ ' R :
e ZLATZLI I ,.,*ﬁm et e e e e e e e L
- 7LIJ=-7L1J*7L. '
- Lt St e+ 5 b e gt o Seh by he b Mmtind i et menkenegn a4 e e—ar v o A 6 0 -uu,..v'..'fl_yo,Q.......,.. et e b 42 2o b o tes e wn —— ‘ et




‘% ¢ & ¢ & -.rf-_-_-r;_‘c ®

oc

oc

e ZNEIN =Y o o e e i

10 CONTINUE
RETURN_
END : . .
.wuwaFORlIS FINDIT . . . e o e
SUBROUTINT "NDI(7K° 7KR'ACAPOAICAP'BCAQOCCAP'ZKA'NALP'NBETA’ ] co
i 17K GAMNGAMINCOS o ZL o FUNT 2 ZL Ly ZLC ZLLIZLCJY. . . - SO
: COMPLE X ATAP+ALCAPYBCAPsCCAPs7KAsFUNTI2Z 21022292307LHOCC'7Q' L
quw.;WWWIMSHALLCONIyCONZJCBlZLGJCQN3JSM'SMIOQMZ'SH3JZZlL.,WWMMW_&WNMWMwm;“mgQMM
' 25MGM, SN+CONEyCONToZTL sCONU9CD o ZKGAMo SHY = YT

i...3sCONS - R s P

COMMON /A”/’L'(ZDv?O) .
emeeDIMENSTON ZL;(ZCJoZLH(ZUlvSMQ(ZU)vFACT(Il)'BCA°(10LLQ),-“Mnm_,A%ﬂQhamm
1CCAP (10217 ) 9 ZKA(20) 9 SM2(20) 9 ZK3AM(20) :

T eZLLC100Z0001) v ZLLI (1 e ZLC L) . e e
" DATA facr/1..1..2..5..74..170..720..soun..uozzo..sszsao..3528300., :

P, ._......."D.— (1 .'.) o). e ST e T IS

CC=(Navl.)

mhcatesoes 7 ke

T

,_;;mwwm”;mzzazxzma*zmnlgromJi,Jmm@ﬂwx,ﬂ;mMWWW. . whﬁwwmwu,wM;WM¢m;,;m;m;;MWWmT;WW

: CON2=CEXP(ZZ3+7L) . : : -
renmrrime o TEAZKORZKRVICOB 0 0 L e e e e e
: & CONZ=7L - S : R
e 80 T0 11 et e e e e e e e e et e e oo
10 CONZ=- (cON’-”D)/’Z? : S o

e BL L SMAL T C0a 0 D) o e i e e e o e e e oo

DO 107 TAL=1sNALP ' o S , _
e ot ZZITAZKR-ZKA(TAL Y Y2 (Do r =1, ) C e e e e [ o
_ _ TI2=(ZKP4+TKALTAL) Y # (0. 140 : _ o s g o
ot CONTZCEXPAZZZOZLY 0 i e e et e e s e e e e

: 23=1./7271 ' o '

i WTOEL0LZTZ L e e e e e e i e e e

771 =73 .

e . 2222704 RS e e e

0o 12 I-lvVBE*A

e < W GATVEZZ O S S e R

ZLHIT) =7y - : :

A A T 4 R w tin e evemeote vt ppe i o oL et o et okt St A At .,...‘.,.‘..‘.;....‘,,..ﬂh-,..
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.4.0. ° SAMPLE PROBLEM - COMPARISON ' '
WITH NASTRAN CODE

In this section, we apply the results of this study to a spe-
cific engineering problem in order to test the usefulness, accuracy
and efficiency of the developed approach as compared to strictly
numerical methods. The NASTRAN code is selected as representative
of such methods. The problem consists of a ring-stiffened cylindrical
shell excited by a random pressure field whose correlation properties
- resemble those of pressure fluctuations beneath a turbulent boundary " ‘

~layer, Figure 2.

Two discrete models of the shell were constructed;_*Model 1,

having 360 degrees of freedom, is shown in Figures 3, 4; Model 2 is a
more detailed one (720 degrees of freedom) and is shown in Figure5.
The NASTRAN eigenvalue routine was used to obtain the corresponding
normal frequencies, modal masses and values of the associated mode
Nsiha'pes for the first few modes. Table 1 lists the co'mputAerc-l na.tuxrz;l fre-
quencies for both shell modelé, while Figures 6 and 7 show typical
_ NASTRAN plots of the deformed shell in its natural modes. The solution
to the eigenvalue problem is common to both the present approach and
the NASTRAN calculation. At this point, the present method departs
from numerical procedures. The NASTRAN-generated mode-shape data
was first curve-fitted using the FITMSC code (Section 3. 1) which pro-
ducéd values for the coefficients in Equation (19) (see Figure 1). Typical
FITMSC plots are shown in Figures 8 and 9. The points in these figures
are the NASTRAN values. Each curve represents a cross-section of the
shell. For clarity in presentation, the curves have been displaced rela-
tive to each other. The undeformed ends of the shell are shown by the

inner and outer circles in each plot.

*The modeling was performed by Mr. G. Jones, Goddard Space Flight
Center, who is also responsible for the NASTRAN calculatxon of the eigen-
value and response problems.
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Figure 2. Construction of Shell Sfruc_ture Used

in Sample Problem.
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i !

m n A Model 1 Model 2

4 1 | 154, 4, '154.4'1-17; ' 130.7, 130.7 Hx
3 | v | 1400, 149.,81—17, 131.4. 131.4 He
5 0 170.2 - Hz 160.7, 167.4 Hz
2 1 187.5, 187.5 Hz '175.8, 175.8 Hz
4 2.'  258.4, 258.4 Hx 214.5. 214.5 Yz
6 1 | - - | ansoanim
5 | 2 259.2 - Hz 219.0. 228.5 Hz )
3 | o2 | N S 2437, 243.7 Hz
6 2 - - © 259.9, 259.9 Hz
y | 1 280.4, 280.4 He © 276.8, 276. 8 Hz

TABLE 1 Modal Ffequencies of shell model 1 and 2 (m = numbef
' .0of circumferential waves, n = number of axial half waves).
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Figure 6. ~ Shell Model 1 in Natural Vibratidn
(f = 149. 8 Hz) : :
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Figure 7. . continued (f=167.4 Hz)
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Figure 7. . -continued (f = 214. 5 Hz)
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Figure 9. Trigonometric Interpolation of Mode Shaﬁe Data.
Shell Model 2 (f = 130. 7 Hz)
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Figure 9.

continued (f = 160. 7 Hz)
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Figure 9.

- continued (f = 214.5 Hz)
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Figure 9. - continued (f = 217, 3 Hz)
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Figure 9. - coﬁtinued (f = 228.5 Hz)
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Figure 9. - continued (f = 243. 7 Hz)
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Figure 9. - continuea (f = 259.9 Hz)
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Figure 9. - con_t-Ainued'(f
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= 259.9 Hz)




The out‘put of the FITMSC code, - along with the other structural
I
parameters (e.g. modal frequenc1es and masses, length, radius, damp-~
1ng , et cetera) constLtute part of the input to the RANCYL code (Sectxon

3.3). The remaining parameters depend on the mput function.

The following form for the 'p.reésuré_‘cr'ossv-sipectral dehsity

was chosen:
Q(Z,8,w) = 0.016 exp[-0.056 - 0.025 |Z|] cos 0.1Z; (psi)*/Hz 0<©<r (59)
With reference fo Equation (2.5),

e.o.__ozs |2 ] cos 0. 1 Z

QI(Z)' =

) % [.ei(O.l +0.0250Z | i(-0.1+0. 0251 ]U(Z)

+ % [o1(0-1 = 0.0250Z (- 0. 1 - 0.025i)Z ]U( 2 %0)
Q,@©) = e A Py < | Ce1).
Q. (w) = 0.016 - | | | - - (62)
Expanding Equations (34) and (36),

) ik Z
~ - o >
Q(2) = A, +A 8(2) +U(2) :;1 3 B, FiBy LZ) 4. ;
| ik 2 . - _
+ U(-2) ;:1 e ? g-lcy, ) -G, ,(i2) } | (63

*For this example, the ratio of damping to critical damping was chosen
to be 0.01. In terms ‘of th1s ratio, the modal damping an is gwen by
a = 0.01 w. '
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! o

o e o
Q,(6) = D_+D, 6(9)_+ }: e T IB GBSt b (64
S n=1 ) - S

3
&

o »C,orn'pavri'n‘g' Equé.t_iohs_- (60) and (63),

i
e
-
[}
o

K . =0.1+0.025i : K '0.025i
ca=l , , o _

Ca=2 bro.ozsio p = - 0.1 - 00258

B =k =0, all'e>2, g1 C

K ='0.,-a11 >2, ' >1' -
a’B y . Y "€’ ]

‘Similarly, ‘comparison of Equ_étidn (61) with (64) yieldS‘

E. =1 E e 0, all n>1, 6>0

K _. =0.05;k =0, alln>1

°n T

F_rorn_ Equations (62) and (33), we further deddc’:e

'H =N~ :M 'p.=<0, ailn, o, &, D_V
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The above values for the pressure field parameters constitute‘d the
Arerﬁain}ing portion of the input to the RANCYL code, which was run to
obtain ‘valu-’es for the response crosrs-spectr,al,and power specfral
" densities at selected grid points of shell rﬁodels 1 and 2. For this
'p,urpc')se, grid points 2,3 and 4 weére selected (see Figures 3 - 5).

The pbwer spectral density at the same grid points was also computed
using t}ﬁe NASTRAN computer pfogram (rigid format'll). The pressure -
was input in the form of discrete values at the grid points. Rigid format
11, rhodal random response, makes use of modal data to derive a dyﬁamic
-transfer function for a set of input frequencies and then using the inpuf .

' random loads to calculate the structural response at those frequencies.

) The resulté _of these computations are shown in Figures 10 -
19. Power spectral density plots at grid points 2, 3, and 4 of sheil
model 1 are shown in Figures 10 - 12 along with the NASTRAN values.
The power spectral density at the same grid points of shell model 2 is
plotted in_F‘igures 13 - 15. Due to difficulties encountered in the
NASTRAN analysis of shell model 2, a limited number of v‘a'lues' were
oBtained, as shown in these figure’s.: Typical éross-spectral density
results obtained using the RANCYL code are shown in Figures 16 - 19. v

A NASTRAN éalculation of response cross-spectral density was not

' performed.

Inspection of the results show very good agreement, in gene.x;al.
The mode-shape fits, as exemplified in Figures 8 and 9, are indeed ex-
cellven_t. .It should be noted that, at most, éight terms of Eq. (19) were
necessary to produce any one mode shape. The power speétral density

results based on shell model 1 show reasonable agreement in general trend
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and ;ha'pe of the éu:ves,_.thbugh magnitude différéncegs exist. These differences
are reduced considerably rwhen a.mc')re detailed model is used (Shell Model 2)
resuiting in the ve’zr‘y good agréement shown in Figures 13 - 15. That is, -

the NASTRAN and RANCYL results converge to a -particular value when

more detailed discrete models are used, as expected. Differences in the -
vhigh.frequency 'ra-‘.nge still persist, however, as one would also expect.in

'vglvoing fror‘n'a discrete to a continuous représentation of the structure. The
impoftance of hodéliﬁg becomes clear by com'pafing the RANCYL calculation
base(_i on Models 1 and 2. Typical of the ekisting differences is Figure 20
whére the 'bower spectral density at grid point 3 of Shell Models 1 and 2 is

plotted.

A com'parison of computer time required by the two methods was
also performed iﬁ order to assess the efficiency of the present approach as
‘com‘pared'to strictly numerical 'techniques.l With reference to Eq. (48), it
1s noted that the terms within the brac_ketsv(i. e., the terms summed over
P, 9, r, and s) are independent of frequency and position. For a.set of in-
put values, the evaluation of these terms is éarried out, once and for all,
reg>ardle_ssr of the number of spatial points and frequencies at which the re-
sponse is calculated. The machine time required for the evaluation of thesev
terms was found to be 5.04 sec. and 70 sec. for Shéll Model 1 and 2,

. respectively. In addition to this fixed time, 0.009 sec. per point (i.e., per
set of values for z,6,2’, 6’and w) was required in the casé.ofModel 1 and

0.0107 sec. per point in the case of Model 2. Thus, the macliine time_,tm,

required by the RANCYL code is related linearly to the number of points

at which the r.esponse is calculated through the formula

t =a + bn sec. - T (65)
m : ' _

where n is the number of points and where a.= 5.04, b= 0,009 in the

case _of‘ Model 1 anda =70, b= 0,0107 in the case 6f, Model 2. The above
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|
~ time .requirement is the same in both pov,?rér ,spéctral and cross-spectral
density calculations. Typically, eé.ch curve in Figures 1019 represents paﬁ
of a single computer run involving approxifnately 75~poin£é (i.e., 75
frequehcy vélues at the coordinates of the chosen grid point), resulting

in a total méchin'e tifne of é,.724 sec. and 70.8 sec. for Model 1'and 2,
respecfively. | In this particular a'_pplication of the NASTRAN code, up’

to nine frequenciés per run wefe input at each grid point in the Model 1
power spectral density analysis and two frequencies per run were input

in the case of Model 2. 'i‘he corresponding machine times are shown |

in Table 2. The RANCYL time régiirements for the same number of

 points, are also shown. These values are based on Eq. (65).

MODEL NO. of POINTS MACHINE: TIME
o NASTRAN RANCYL
(gec) (sec)
1 7 636 5.1
1 9 750 5.12
2 2 444 70.02
;Iable 2 Machine Time Requirements in the Response

Evaluation of the Sample Problem -
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It should be noted that the NASTRIAN éode v;/as' run on IBM 360-95 cbm'puter,'
while RANCYL was run on a Univac 1108 computer.. The latter xﬁachine is
slower by at least a factor of three. On the other hand, some .fraction of the
time required by the FITMSC code for the trigonometric 1nterpolat10n of the

" mode-shape data should be added on to the RANCYL entries in Table 2. | In‘

- this ‘particu_l'arVsa‘mp’le_problem,‘ the curve-fitting routine required a total -of
77 sec. for twelve modes of Model‘l and 115 sép. for eighteen modes of
Model 2. The time requirement of this rbutiné de‘pends strictly on the
number of modes an.d on the number of points per mode. It is an initial time.
investment, independent of thé evaluation of Eq. (48) and the number of: | ‘

‘points at which the response is evaluated.
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5.0 CONCLUDING REMARKS

' l.A A methodology for the calculation of structural response
has been presented and applied to nonuniform beé.ms and cylindrical
shells. The method rests on the use of parametric representations fqr
tﬁe im‘pui‘s,e réép onse and input functions. Use of these representations
makes 'possibie the derivation of analytic résponse solrxtibns .applicablé

to a host of structures ofthe above geometries andpressure fields. The
| arbitraryparaﬁefers inthe response solutions canbe fixed once results of
the numerical solution to the elgenvalue problem and a particular input
7 functmn are available. |

2. Use of the developed corn'putér.codes, based on the

analytical results, is simple and efficient. For instanée ‘for an initial
run of the RANCYL code, it is necessary to manually keypunch about a
dozen cards only (the remammg cards are direct output of the FITMSC
code). For a restart run,only a few cards need to be punched manually.
In general only those cards contammg the grid pomt coordmates or
frequency values are changed. In its present form given two or more |
spatial‘ points, the code computed.the response power spectral and cross-
) spectral densities at these points simultaneously for up to sc—;venfcy—fivé
vfrequencies"per run. The dirn_ensions of the pertinenf cgjde Vavriabll‘es.‘ |
may still be in'c-reased significantly without exceedihg core storage

to allow for more _frequencies, mode shapes, grid points, et cetera.

3. The s;patial-terrrporal distribution of 'presS'ure (or, the
lcorresporlding spectrum) must be giveh in one of two forms for the analyst
" to determine values for the relevant inpﬁt parameters to the code: if én
: analytic function is.givén, values for these parameters(éan éasily be speéifie_d
bir direct comparison of the given input fxrnction to the class of functions considered
in this study. Such has been the case in the sample problem (Secfiorl 4, O)l.
If 'pressure field data is given, then the énalyst muét‘e-ithér, empirrcally
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fit'a function to the data, or ._em'plloy some interpolation technique. In, ‘
.the first instance, the procedure for identifying input values for the
pressﬁré field parameters is the same as before, namely, by simple |

A g:om'pari_son. In the latter instance, readily available interpolation
routiﬁes involve either polynomials or trigonometric functions, both of
which Eelong to the class of input functions considered. Such a routine
can easily Be' coupled to the response éodes so that its output (i.e.,
values for the coefficients) can.be directly input to the RANCYL or
DEXCYL codes. | '

4. The FITMSC .code has been most sﬁccessful in its
aﬁp’licati_on to the samplve problem, both from the standpoint of the godd.—
ness of the fits to the given mode-shape data and the minimal computer
time necessary. This, however, may not always be the case. Difficulties
rﬁay arise in the application of the code to shells of unusual construction,
especially for high frequency modes. It is anticipated, however, that |
in th‘e case of mosf,cofnmon engineering applications, this will not be the

case,

. 5. The sample 'problém has demonstrated some of the
advantages of the tools developed in this study. Although general con-
clusions valid for all applications should not be drawn on this basis, some
lfeatures of the comparison with the NASTRAN computation are ‘ihdicativé
of the usefulness of the developed codes. Perhaps the .most striking
features are the efficiency, and hence low cost of operation (Table 2), tlhe_
ease with which the analyst can use RANCYL and the nuﬁlbm‘ of sf)at_ial-
frequency points per run at which the response can be evaluated (e. g ,
in the. case of shell m'odel.l, a RANCYL run accommodated seventy-five
frequency values. NASTRAN accommodated nine). Com‘parison of the
r,e-sullts of the two calculations (Figures 10-15) points out the irﬁ_portance»

of modeling in response calculations and the usefulness of the developed
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codes as guides in the applica[;cion of the fiiscrete element .approach.

The differences in the results stem fronrxi both rood‘eling of the discrete
structure and modeling of the driving pressure field. In the discrete
element approach (e.g., 'NASTRAN), the pressure field is specified

by discrete values only at the structural grid points; the 'preéent method
requires a continuous repres_entation of the pressure, i.e., a function.

As the number of structural grid points considered increases, the model

betfer approximates the continuous structure. Moreover, pressure _‘

field values_ at a larger number of po_ihts are soecified, so that the

~discrete pressure field representation better approximates a 'continuous

function. Indeed, the disagreement in the results, exemplified paftioulafly
in the vicinity of 165 Hz, is considerably reduced when a more detailed
discrete model is used. In fact, the agljeem_ent in results based on

model 2 is .s.ur-prisingly good. |

| ../o . .

6. The results of this study indicate that the developed
codes can provide a vaiuable supplement to numerical analys_es of c_omplex
structureé, eS'pecially in the early stages of design of a vehicle where
ease and ‘épeed of computation is crucial: The applicationb of the developed
methodology to other structural shapes (coordinate systems) should further‘
iocrease its us'efulness arid versatility. Such an extension follows the o
.same procedure, (Figure 1). However, the rhathernatical manipulation

: oan be greatly complicated depending upon the coordinate éystem u‘se.d..

This is particularly true if the structure and driving pressure field can .

not be represented most conveniehtly in the same coordinate system.
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APPENDIX

Evaluationof P (L), S (2m
. pr .-qgs

Consider Equation (51). Using Equation (34) and letting’

f(z,2") ' o _(z) ¢p (z') = exp [1(k z +k z')]

P (L)

- / dz f dz f(z,z' +A/ dz fdz' f(z z)6(z-z)
T - o)

B L L ik Z - -
-1
+ z @8 .8 dz dz’ fz ,z) e ¢ °z8 1y
. (B-1)! J o) o o o o o - o

a’B

'}’ZO e-1 .
(e 1)1 _[ dz f dZ f(Z 2y Ve 'ZoA U(~ZO) .(A_l)_A

where Z = z-z’. The first two terms are evaluated trivially giving

rise to the first two terms in Equation (53). To evaluate the third integral

in Equation (Al), let z’ =z -Z to obtain
‘ o} (o] (o}

L Zo . 1KaZ 6-1

f dz f dz. f(z ,z -Z ) e © %z Uz
(e} [0} (o] o O Q ) (¢}

o ZO-L

- Since the range of z is always less than L, the lower limit of the Z

integration is always negative. In view of the step function U(Z }, it

follows that the integfal to be evaluated is

Al



ik Z  B-1 .

L _ 2
f dz. f dZ f(z )2 -Z ) e 'Zo _
L o o 2o g .
=/dz (z)/dZ(p(z-Z)e © zP 0
.0 . T o] o] - (o]
1% - .
7 . :
L k +k )/ o - =itk =K )Z
. 3 . _1
:f ds_ | °f az_e T @ °zF-
o] ) . ’ (o]
o .
Repeated application 6f the formula
, : n n - K - . :
a ; . - - - - - : - . o
:_/dx 2xon _ ax fx z (-1) “"n(n-1) (a-2). .. (n-k¥1) n-k (A2)
: v : o a ak+l- » . o | -

k=1

gives rise to the term within the @, B-sum in thuationv(5_3). Similarly,

to evaluate the fourth integral in Equation (Avl), let z’ = ZO‘-Z‘; to obtain
-0
oL, “o ik Z R
f‘dz f az f(z ,z -Z )e Y %z u(-z)
o ) - o o'’ o "o o : o
o zO.-L : : : : ‘ S

Since the integrand vanishes for Z > 0 and the upper limit of the
) . [o) . .

Zo-’mtegration is alw_ays positive, the integral to be evaluated is

ik Z S
f J‘O (z ,2 -Z ) e Yo Ze_l.
o o o . o _ L
L. | 2y e
. dz -7 Ve 7
f (,0 ( )f-l o "or(zo o)e /o

o

L 1(k tk )z ik <Kk )Z 1'
[ dz_ - ’ az e "7 ©z¢
L © o o

0

A2



. Repeated use of Equation (A2) yields the term within the . y¥,€ ~sum in

‘ -Eciuation (53).

In the evaluation of qu(Z'n), we note that the first two
terms of Equation' (36) in (52) give rise to the first two terms of
Equation (54) in a straightforward manner. The evaluation for the
third term of Equation (36) is somewhat more complex because of the
. conditions‘on Qz(é-e') given in Equation (31). These conditions can
be combined in a single equation by introducing appropriate step
- functions;
Q,0) = Q,(lel) ur-le)h +Q,@r-le|) u(le|-r) - (A3)
| where e = 6-06', Using Equation (A3) in Equ'a'tion (52) and létting

£8,87) = 0 (8) 0 (8") = exp [i(kqe‘+_kse )1, | o (A4)

we obtain

. 2T 2T -
S (2m) =f dae f,de' f6 ,8’)yQ (|le |) um-le |
gs A ° J o o "o 2 o o

v 2 | 2T ' :
S 4 f de f ae’ f(e ,8’)Q (2m-le | u(le |-m - (A5)
: A ° J, o o o 2. ' o ol : _

Under the change of variable 8; = 80—60, Equation (A5) becomeés

A3




da® (6,6 -©)Q (le |) um-le |
-217 o o o o 2 o o

'\.

2 17
.S (21T) f de
. gs

4 de de f(6 ,6 -0 )Q_(2n-le D u(le |-m
o o o o 2 o o

27 d

[ dG /

+ de de f(6 ,0 -© )Q _(-86 ) U(r+6 )
2‘”,oooo.Z.o.'_o‘

(D

4 (0,6 -6 ) Q. (6 ) U(r-06 )
o o o o 2 o o]

a6 de_ £(o_ ; 0 )Q (27-6 ) U@© -1)
o) 2_ o o

f f
+]2 ae f do (6 ,6 -© ) Q (2.1r+6 ) U(-6 -1) (A6)
o] o o o 2 o o] v :

2m
Let
0
21 0 v
s, = f ae / do £(6.,6 -6 )Q_(6)U(r-0 ) (A7)
. (o] ° (o]
2T - 0 _ » ‘ ..
S. = de "de (8,6 -6 )Q (-0 )U(r+te ) : " (A8)
2 o o) o o o 2 o o) :
o 8-217 _ : :
[o] .
o ' 8 B o |
: T o s .
s. = | ae de. (6,6 -6 )Q_(27-6 ) U(© -7) ' ' (A9)
-3 A o A o} o o o 2" o o
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2 - ‘ v“ ‘ H ) L
= § .do - do f(6 ,6 -6 )Q 27+ ) U(-© -m) : (A1Q?
°Jy 24 © o o .o 2 o . o : A

To establish the regions of integration in Equations (A7) - (Al10), one
" need only plot the limits of the’ 60, 60 integrations. and the domain in

'wh'icvh the int'(:g'ra_nds do not vanish, that is, where the step funct_ib_ns

arc unity. This is done in Figure 21 . Fron] this figure; it follows

that

~2n T . '
f e  F(e ., )+ de / e F(6 ,0) (AL
(o (o] (o] (o]
(o} .
| T ' 2m A0 o .
S, = / de_ f de o) / de / . de-G(e ,e )  (Al2)
: . o. (o X (o] -0 o} ’
T T e -21 : :
S. = / das f de H(e ,~e ) ‘ - : : . {A13)
3 o . . _ ‘ )
_ o - m _ B o ' Do : :
o m -7 ' , ' . , _ -
S, = /de / e T1(s ,© ) ' : (A14)
O O [0} o . .
_ (o 8 -2m _ , - :

" where

F(6,0 ) = f(e‘o,éo'—e.o) Qz(eo) o o o . . (A15)
G ,0 ) = f('eo,e'o’.-éo) Qé(-eo)' o . | | (A16)
H(0 e ) = 1@, %"%i Q,ere) @
6,0 ) = fv('ed,eo--e(‘))' Q,(2mte ) | | B | - (‘AIISI)
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FIGURE 21.

Repions of integration in the evaluation

of Sl, S?‘,_.S3, 84; Equations (A7) - (A 1()»)
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Consider Equation -(All). Usin'g.Eqﬁations_ '('A15), (A4)

and the third term of Equation (36),

- o | , |
. . . 0 - . .
. [ ae [ ae_ @ () 0,0, ©) Q,© )

U)-
"

21 T - . '
+ / de_ / 40, 0, (8,) ©_(8,-6) Q,(© )
. T : o . . o
0

m i(k +k )0 o -i(k -k )©
. Z E . de e ¢ % ° / i e ° M °g°
s M0 | ) o , o ' )

(6) _'
’ 27 ik +k )0 T -ifk_-k )0 7 ‘
+ / de e 1 ° f‘de e M 2671
. O . : . (e} N o '
: (1 o Yo _

- Repeated application of Equation (A2) yields Equation (55). Similarl;},
.with'Equat.ions (Aié) and (A4) in (A12) - |

p o : .
SZ - / deo / d'eor(‘oq’('eo) (ps(eb-e-o) QZ(_eo)
‘ (o) -m : : -
' 2m o] o
+/ de'f d® ¢ (8 ) 0 (6 -0 ) Q_(-8 )
o o 'q o s o o 2 o
. ™ O—ZW , . -

Letting y = —90 and using Equation (36), we have

0 (6 ) f”dy o (0+y) Q,(y)
(o] ' '

' A' q
27 - 211-9-0 : _
.f. . =
'[_ de (pq(e ) | dy (ps(eo-ly) Qz(y)

(LA
S = :
2 _/deo-
O
o

O
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25 ik +k )9 " 2me0 ik 4K )y o
o)
B f deole Q # 0 / odyc s m y o

i _ B

i

which can.be evaluated by application of Equation (A2) to yield

Equation (56). To evaluate ,S3, let y = 27 -60 in Equation (Al3) to

obtain ‘
27 7
S. = [ de / dy H(e ,2m-y)
-3 o o
T : 2m-9© .
| | =%
) m v ) :
= f (IQ() f dy L(OO, 60+ y-2m) Qz(y)‘
. - O )
a2 -
= - de . : d 0+y-2m) Q. (
/ eo wq(eo)/ y <ps( y-2m) 2(y)
YT : 2m7-9 .
, .o : .
_ -2mik 2m ik +k )0 v Ak T )y '
‘:.ZE e f de e 9 Of dy e M y° (A19) |
. 7,0 ’ i -0 V ' B : :
7,0 m , 2 o .

m-0
o

‘where use has been made of Equations (A17), (A4) and (36). simi_larly, ‘

let y =27+© in Equation (Al4) to obtain
(9]

: e 11 T 11
. S b o ; Ri ~2 - : 0 N Y v 2
_ 4 / dO0 .[ dy (eo,y 2m) f_d . [ dy l(Gﬂ, to y Tr) ‘QZ(.Y)
. o - : Y S

[§]

T T :
=l deo coq(eo)[ dy ‘Ds(eo_‘y*'?‘"'): Q'Z(y)

(o]

. 2mik ik +k )6 T ‘-i(ks—K by | '
= Z E e o e 1 °° dy e ny (A20)
,n o] n,O ‘ o O ’ 5 ’ . .

(o]
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_ , b o
where Equatiohs (A18), (A4) and (36) have been used. Equations (A19)
and (A20) can now be evaluated using Equation (A2) to yield Equations

. (57) and (58), respectivelyf
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