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SECTION 1

INTRODUCTION

The problem of general instability of a flat, rectangula r sandwich

panel subjected to combined inp iane edge loads has been considered in

Referenc e 1. This report describes a computer program which implements

that analysis. The program is suitable for interactive or batch processing,

and is readily adapted for use in interactive design/optimization programs.

I
1. 1 PROBLEM DESCRIPTION

The sandwich panel under consideration is flat, rectangular and

composed of three layers of uniform thickness (Figure 1). Each edge of

the panel is simply supported , as indicated in Figure 2, and the t ransverse

shear strains of the core parallel to the boundary are assumed to vanish on

each edge. Edgewise loads applied to the panel consist of compression,

shear and bending forces (Figure 3).

Each face sheet of the sandwich is idealized as an isotropic thin

plate which deforms according to the Love-Kirchhoff assumptions. The

thickness and material properties of the two face sheets are independent of

one another.

The sandwich core is assumed to be incompressible in the direction

normal to the plane of the panel, and rigidly bonded to the face sheets.

Since the inplane extensional and flexural stiffnesses of most core materials

are generally small in comparison with the extensional stiffness of the face

sheets, the core strain energy is taken to consist solely of contributions

due to t ransverse  shear deformation. The elastic properties of the core

therefore consist of the two independent t ransverse  shear rig idities.

lt
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Figure 1. Sandwich Panel Geometry.
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1.2 METHOD OF SOLUTION

The analysis contained in the subject compute r program is based

upon a discrete form of the principle of minimum potential energy. By

relating the components of displacement in the face sheets to the displace-

ments within the core, the potential energy associated with the buckling

deformation of the panel is expressed as:

= 11 ~ (x, y ) , ~ (x ,y) ,  w(x,y ) ,  e , e] (1.1)

Here ~ (x,y) and ~ (x ,y) are related to rotations within the core , and w(x , y )

is the transverse displacement. Two additional parameters e and e
x y

describe the effects of unbalanced face sheets upon the buckling displace-

ment pattern. Equation 1. 1 is cast into a discrete form by the introduction

of assumed displacement modes satisfying the conditions of simple support:

0 (x , y )  = • cos 
m itx sin~ .!~Ym= 1 n= 1 inn a b

4, (x , y )  = L ~ sin
mlTx 

cos~ -~-~ (1 .2)
m=l n=l  mn a b

N N m,~x n i r yw(x , y )  ~ W sin sin
m= 1 n=l mn a b

The requirement that the discrete potential energy function be minimized

with respect to the undetermined coefficients appearing in Equation 1. 2

*esults in the generalized eigenvalue problem:

[K f l W }  + x [ G ]  ~~~~ = l o l  ( 1 . 3 )

Solution of Equation 1. 3 yields an approximation to the critical load and the

corresponding buckled mode shapes.

In the computer program, at least two solutions of Equation 1. 3 are

performed per problem in orde r to assess the convergence of the numerical

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
- .

-~~~~~~ - 
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result. An initial value of the limit N of summations (see Equation 1. 2) is

first  selected, according to the types of loading which are to be considered.

Solutions are then obtained using N and (N + 1) terms in each serie s, and

the critical loads are compared. Furthe r solutions are performed until the

- 
change in the calculated buckling loads is less than 0. 250%, or until N

reaches a preset maximum value.
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SECTION II

PROGRAM DESCRIPTION

The subject compute r program (listed in Appendices A-L)  is coded in

CDC FORTRAN-EXTENDED language. The organization of the program

and the functions of individual subprograms are described in this section.

2 .1 PROGRAM SEGMENTS

The functions of each of the individual sections of the program are as

follows:

Program MAIN - initializes control parameters, calls the

subprograms, and computes the execution

times of major steps in the problem solution.

Subroutine INDATA - reads problem data , initializes sizing para-

meters and define s all geometric constants.

Subroutine ASSMBL - assembles the elastic stiffness [K] , and com-

putes the contributions of compression and

shear loads to the geometric stiffness [a].

Subroutine BEND 1 - compute s the geometric stiffness terms due

to nonuniform (edge bending) loads.

Subroutine CRAMER - solve s a linear system of four equations using

Crame r ’ s Rule.

Subroutine DET - performs a literal expansion to obtain the

determinant of a matrix of order four .

Subroutine NROOT - manages the solution of the generalized eigen-

value problem {AJ [X) = X [B] C x] , where [B]

is positive definite and symmetric.

Subroutine EIGEN - extracts the eigenvalues and eigenvectors of

a real , symmetric matrix.

I
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Subroutine CHECK - locates a minimum eigenvalue and the

corresponding mode shape , and determines

whether or not the solution has converged.

Subroutine OUTPUT - prints the final solution for  critical loads

and mode shapes. During ba tch processing,
intermediate solutions and segment execution

times are also printed. Entry point ECHO is

called to reprint the problem data for yen -

fication purposes.

Subroutine ALTER - accept s corrections and modifications to

problem data during interactive execution.

Subroutine TITLE - prints a title heading at the start of execution.

2.2 PROGRAM ORGANIZATION

The general s tructure and flow of control within the computer program

is shown in Figures 4 and 5. Execution proceeds in exactly the same way for

both batch and interactive processing, with the exceptions of a multiple-run

provision in the batch mode and a data modification sequence for interactive

Use .

The solution procedure is arranged as follows . The problem data is

read , and an initial range on the displacement serie s (Equation 1. 2) is chosen ,

according to the types of loading which are specified (subroutine INDATA).

Subroutines ASSMBL, CRAMER, DET and BEND 1 are  entered to form the

elastic and geometric stiffnesses, and the resulting eigenvalue problem is

solved in subrout ines NROOT and EIGEN. The lowest eigenvalue is

loca t ed -m d  compared with previous solutions (subroutine CHECK). If the

requi red  convergence test is passed , the solution is printed (subroutine

OUTPUT),  and a new problem is begun. Othe rwise, the number of terms

in the displacement approximation is increased by one, and subroutine

ASSMBL is recalled to begin the next solution.
Ar 
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INITIALIZAT ION

READ INPUT DATA

ECHO-PRINT DATA

S . . ASSEMBLY OF
I 

MATR ICES
1 

III

EIGENVALUE
SOLUTION

~~~~~~~~~~~~~~~~~~~~~~~

NO
INCREASE NUMBER

PRINT RESULTS

REDEFINE YES4. INPUT DATA ?

NO
STO P

I

Figure 4. Program Structure.
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Figure 5. Subroutine Interaction.
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The maximum number of terms which can be considered in the

numerical analysis  is limited by hig h-speed storage requirements, since

no scratch file s are  used. For interactive use , the program is restr icted

to seven terms in the displacement series (Equation 1. 2), since the resulting

eigenproblem is of order N2 
= 49. The order of approximation can be

increased when the program is executed noninteractively, although this is

usually not necessary for  panels having reasonably small aspect ratios.

A r r a y  dimensioning for  the listing of the program (Appendices A - L)

corresponds to a maximum of N 7.

I
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SECTION iii:

PROGRAM USAGE

The subject computer program is operable from card input (batch

processing)  or interactively at a teletype console. This section describes

the required input data for both modes of operation , and give s the necessary

information for  inte rpretation of the output .

3. 1 DATA INPUT FROM CARDS

Punched-card input is arranged in free format , with each item of data

separated from the next by a space or a comma. The data deck is arranged

as follows :

Card 1 : 0

Card 2 :  NRU N

Data for pr oblem I

Data for problem 2

Data for problem NRUN

A zero entered on the first data card indicates batch processing. The

parameter NRUN determines the number of problems to be considered.

• Data items for a single problem are entered on five cards , as indicated

below:

Card (a): El E2 NU 1 NU2

Card (b): GX GY

Card (C):  Ti T2 TC A B

Card (d) : NX NXY NY

Card (e): NXB NYB

Some comments are in order concerning the loading parameters

specified on cards (d) and (e)  above. The value s NX, NXY , NY , NXB , and

NYB are understood to specify only the relative magnitudes of each of the

12
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applied edgewise loadings; the intensity of loading is de termined by th e

eigenvalues of the problem . For example, if

NX = 1.

NX Y = 2.

NY = NXB = NYB = 0. ,

a critical load intensity is sought such that N = ZN . The values ofxy x
NXB and NYB refer to the maximum magnitude of an edgewise bending lo ad ,
measured at the corners of the panel (see Figure 3). That is, values of the

corresponding loads N b, NYb 
are to be interpreted as defining the edgewise

resultants

N = N ( 1- 2 y/ b )x xb
( 3 . 1 )

N = N  ( 1 - 2x / a ) .
y yb

The corresponding total bending moments are then given by

M = N  b 2/ 6x xb
( 3 . 2 )

M = N  a 2/6 .y yb

The loading parameters specified on cards  (d) and (e)  may be g iven either as

integer or real values.

3. 2 DATA INPUT FROM TELETYPE

The data required for  inte ractive processing is similar to the card input

outlined above. However , the counter NRUN is not used , and additional
options may be exercised for making modifications to the problem data and

for selection of output.

To in itiate requests  for  input data , the valu.~ “ 1 is entered (in free

format) as the first item of data following the command to execute; for example,
Ar
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LGO. 1

The program then responds with the following requests for input:

ENTER MO DULl & POISSONS RATIOS, El E2 NU 1 NU Z

ENTER CORE MODULI, GX GY

ENTER GEOMETRIC PARAMETERS, Ti T2 TC A 13

ENTER LOADING PROPORTIONS, NX NXY NY NXB NYB

After each ENTER request, the appropriate input data are typed on the same

line, with each item separated by a space or comma.

An optio i is provided in the computer program for rerunning a

previously defined problem, with one or more input items revised. Following

the output for the current problem, the message

BEG IN ALT ER

MODIFY DATA ( Y I N ) ?

is printed. If the next analysis to be done differs from the last in only a few

parameters, requests for revisions to the data are initiated with the response

MODIFY DATA ( Y / N ) ? Y

A request is made by the program for the first parameter to be modified, as

follows:

GIVE *PARAMETER NAME

Immediately following the asterisk, the user enters the name of a program

variable whose value is to be changed , and depresses the carr iage return .

* The symbol indicates that the carriage return key is depressed. All

commands and data entered by the user are underlined.

14 ~~~~
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Variable names recognized by the program are given in the list below.

El E2 NU I NU2

CX GY Ti

TC A B NX

NXY NY NXB NYB

END

The program responds by requesting the new value of the data parameter.

For example, the process of changing the modulus of the lower face sheet

of a sandwich panel proceeds as follows:

BEGIN ALTER

MODIFY DATA (YIN)?  Y

GIV E *PARAMETE-R NAME

El = lO. 2E6

*END

The keyword END signals the end of modifications to the data . Normal

completion of all data revisions is verified by the message

ALTER COMPLETED,

and the solution to the new problem is begun.

If no revisions are to be made by ALTER, the appropriate response is

BEGIN ALTER

MODIFY DATA (YIN)?  N

The next line to be printed is then

BEGIN NEW PROBLEM (YIN )?

The response N Q at this point causes execution to be terminated.

A response of Y initiates the input sequence for a new problem

beginning with the ENTER requests as previously described.

I
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3.3  DESCRIPTION OF OUTPU T

Output f rom the program for each individual problem solution consists

of:

i) input data verif ication

ii) result s of intermediate calculations

iii ) problem solution

iv) diagnostic information.

The current  set of problem data is reprinted upon completion of the

input procedure for each problem. During ir~~ ractive use , the data is also

printed afte r each set of modifications in orde r to provide a readable

summary of the cur ren t  problem.

During batch processing, the results of each solution iteration are

included in the output. This information includes the number of terms in

the displacement approximation (E quation 1. 2), current values of the critical

loads , and processing time s for matrix assembly and eigenvalue extraction.

Intermediate result s are not displayed during interactive execution of the

program.

Final results displayed by the program include the c ritical load

magnitudes, the ei.genvalue solution, and the mode shapes for the first

buckling mode. When executing the program interactively, the user can

suppress the display of eigenvalues and mode shapes. It should be noted

- 
that , in a linear buckling analysis, only the relative magnitudes of the mode

shape coefficients are meaningful ; therefore, the vector of coefficients is

normalized to unit length before printing .

Diagnostic messages output by the computer program are of two types.

In the event that a solution using the maximum allowable number of ter ms has

failed to conver ge within one quarter of one percent (see Paragraph 1. 2),

the message
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WARNING : RE LATIV E CONVERGENCE TOLERANCE

OF . 0025 NOT SATISFIED

TOLERANCE OF ( ) ACHIEVED

is printed. This situation will occur in the analysis of panels having v e r y

large aspect ratios, and subjected to edgewise shear or bending loads. It

should be remarked that the tolerance of . 25% for  convergence  of the

iteration is quite str ingent; in near ly all practical  applications, convergence

to within one or two percent  can be expected using a maximum of seven

terms ( N = 7) in Equation 1. 2 .

Messages  may be printed during execution of the ALTER sequencc ,

to identify invalid parameter  names (see Paragraph 3. 2) entered by the

user . For example , the following sequence occurs  due to the use of the

invalid name E3:

BEGIN ALTER

MODIFY DATA ( Y I N ) ?  Y

GIV E *PARAMETER NAME

*~~~~~~ @
INVALID DATA : E3

RETRY OR TYPE END

*

Multiple errors of the above type during a sing le pass through the ALTER

sequence will cause execution to be terminated.
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SECTION IV

EXAMPLE PROBLEMS

Typ ica l ana lyses pe rformed using the subject compute r program are

presented in this section. The examples are intended to familiarize the

reader with the mechanic s of inpu t and output , and to demonstrate most

of the important features of the program. In each of the following examples,

information supplied by the user  is identified by underscoring.

4.1 EXAMPLE 1~ INTERACTIV E EXECUTION

This example is an interactive session which demonstrates many of

the available program features. Two separate problems are solved , each

involving variou s combinations of material parameters and loading conditions,

Output for the session is shown in Figure 6.

For the f i r s t  problem, a 24 in. by 40 in. panel having 0. 025 in. aluminum

face sheets is analyzed for buckling in axial compression. Following the

co mmand to execute , the problem data is read in and echo-printed by the

program. A converged solution, corresponding to three te rms in the

disp lacement serie s, is printed out, followed by the eigenvalue s and f i rs t

mode shape requested by the user. It should be noted that the mode shape

coeff icients  shown are not deflections , but modal participation factors;  for

the present case , since only W
11 ~~0, the deflection of the panel is of the form

-lix
w(x,y )  = A sin si.n b

In the ALTER sequence , the face sheet thicknesses are increased to 0. 32 in. ,

and the core shear modulus in the direction of the loading is made slightly

larger.  Once the modifications to the problem are complete , the new set

of data is echo-printed , and a new solution is performed, In this instance

the user  does not request a listing of the ei genvalue solution and buckled

mode shape , so that only the critical load is printed. The ALTER sequence

i s also bypassed , in order  to beg in the next problem.
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~HTER r1ODLILI ~, PUIL:DrI  ~A T IO~. ’ El E2 ~!J1 f lj~ : ~~~~~~ ~~~~~~ .~:3~~~1

~HTEI~ ‘:O~ E I1ODULI b. .~~ A : i~~~ ’.I .

~NTEi~ GEtJI1ETP II: F-A~ AMET EF :.. Ti T~ TC A : . ‘ _ 5 .~~~5 .5 24. 4 ) .

ENTER LOAD ING PFOFDF:T ION H: H .  H~~ 11~~~ B N E :  : i U :1

FA’:.E :HEET FAPArIETEP’::

E rliJ T
FAC E 1:
FAC.E : . i A :ic~~iE+ :i. : •~~~:~ i,iri

COP E FAPAMET ER:

IC.
CUR E : .2350E+i:’ 5 .235ci E-i- A:I !3 .5c’ U .:’U

PLAFIFORM i ItlEr4: 10r4 3

A -~ 2 4 . : :, : ,)

B 4’) . U’)’).)
LOAD FAC T OR

F4:: .= I .c :  N:.:~~~ —~ ci . ’ ) .)  ~~~
- ‘

B- j~

~.:OLj IfIQt ~ FOR t’1- N-~

•...... CRITICAL LDAD3 . •~~•+•+*
N:.: —l i’~8 .ci ’),:i4
r4~c~’ -~ ci . ci cc i  ci

:1 • .:i ,:i cci
A) .  ~I~i.i~i •~ 1—2+ I . E : ::A

N A:i . ci ,:i :1 ci + .. I —2+ : A

PP l~iT E II3ENVALLIE . F$~4ti MODE ::HRFE,:, (‘ 1 ’r4~~~

,.-. ....,. EIGEN’.-’ALUE.L +*.,... o
— -,-A ’~~~~~~~E+ 4 — ‘- -

~~~ E+ 4 — -4 44E + t4 - ‘
~ 44E+ 4

Ar 
— 44249E+c’ 4 — . 3~~ :9:~~ I E+ ~4 — . 3571 9E+ :4 — .2~ i 2E:E ÷ ~4

.1
Figure 6. Compute r Output : Example 1
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MUDE HAPE
AT CRIT ICA L  LOA D:

. I.t ’~ 1 ,~~12, . . . ,i..,I1 3 .hI.il ,l,322 . . . .
i . t J  :A:A i i . .I i i  A J . J  ~~~~~~~~~~~~~~ . ) , . : i . ~~. , i  0. )  :‘ :i.) .:i,J ri ,:IUi:i
~ J J ._I . j ii  I I  I I i i i i i l I I i  I 1 1 1 1 1 1  I i i  I I i i i J i J J i

— i i

BEGIN ALT ER
tIOLilFI DATA. .~~ ”N :’~~’(

GIVE +PAR~ QEIER NAME
.11

TI = .0:32

T2 -
~ .0.32

is:.< c~ ci .

+EFID
@

ALTER COMPLETED

FAI::E .;.HEET PARAM ETER:3

E Flu T
FACE 1: . lci2oE÷ci3 . 33~1.) ii . ‘).3~~ci’)
FACE 2: .1 cI2 ciE+o~ .:3.3 c iOU .0.32 ci

c:QRE FP.P~ M ET EP: :

‘5:. 3 , TC
CORE : .275ciE+~~ .2350 E+c i s

PLANFOPII DI MEN:3 I ON 3

A 24 . ci.) ci
= 4 ci . ) ci

LOAD FAC:TDR:3

~E-~ 1 .c’ :i F’l:.:’ i= ci .ci o t’l’i’= 0 . 0)

ci . tl ’E= ci
1

...,. :oLiJTIor4 FOP 1141=

Figure 6. (cont.
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•... +.. CRITICAL LOAD: .+e•+++
- —l ’321.524-3

ci ci .:.)
N i ’ = .3 . 0,).)’ )

cI . ,:I .: ,) u + .  I —2. ’ ‘B.:’
U _ O d d ,) + j — ,~.:: A .:.

PRINT EIGEMVALIJES AND MODE ,3HAPE:: .: , .. ft:.?N

BEGIN ALTER
MODIFY DATA ~ Y’N;’?M

BEGIN MEW PROBLEM<Y..M) ~~Y

ENTER MODULI P01350115 RATIOS , El E2 NUI 11U2 : t0.25E6 l0.25E6 .32 .32

ENTER CORE MODULI , i3:~ G~’ : 24000 .  200:1’) .

ENTER GEOMETRIC PARAMETERS , 11 T2 IC A B : .06:3 .36:3 .375 23. 20.

ENTER LOADING PROPORTIONS , M:~ N~.~’( N? N~<B M ? B  : 0 1 3 ‘) 0

FACE :3HEET PARAMETERS

E MU T
FACE 1. : .i02~ E+08 .32030 .06300
FACE 2 : .1025E+0’3 . 3 2 000  .06:300

CORE PARAMETERS

‘3’ TC
CORE : .2400E+05 .2U00E+.Y3 .37500

PLAMFORM DIMENSIONS

A 20.0 0 00
B 20 .0000

LOAD FACTORS

M~~ 0 .00  N < ? -  1.00 tl’i’= :1.00

Ar M~ B-- 0.0.3 M?B= 0.0.)
I

•~.+. SOLUTION FOR M-~r4 = 7

- 

I Figure 
~~ 

(cont. )
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+. ..... ‘:F-L T IC FiL LOAD:’ +++~~~+*+

14:..: = ,:i . li d, di

14’ ’ . ci ci di .:
:1 .,‘ ;i.~ici +., ~~~~~~~~~ ~ ,.

i . .3 .)’)) • . 1 —i *’d A ’

FR 1111 EIi3ENVALUE:: ANt’ MODE 5HAPES: (‘r’ .’ r ’ 4: ’~>Y

EIISENVALUE ::
.?~~1 di3E+U4 .3~~317E+.:i4 .1 d140.3E+.:t5 . IAJS63E+i5
.1 1421E+di 5 .1 1649E-s-0’3 . 12,:’73E+ ’5 . 1218.3E÷05
.13799E+,:i S .1427~~E-i- ,:I’3 . 1~~.3 ~~~~E÷.:’5 . 1~~ .51E+di 3

1744.3 E-’- .Y3 . l :~45 :E :E + :i ’3 .21355E+;:’S .22di29E+di 5

.23787E÷05 .23746E+03 . 1’179E+19 .29’~.99E+19

.:344di.3E+19 .48639E+13 .85136E+19 .55543E+21
— .722:3 1E+20 — .16755E+2.) — .1:.351E+2) - .5714 .3E+19
— .5’3 :375E+19 — .24292E-’-19 — . 14;340E+19 — .25746E+d’ 5
— .2 :37:37E+Ci5 — .22di29E+C,5 — .21E:SSE+05 — . 18458E+O5
— . 1~~443E+O5 — . 15651E+O5 - . 16366E+d’S — . 14276E+di 5
— .l:3799E+35 — .12183E+0’5 — .12073E+O5 — .1164~ E+U5
— .11421E+ dIS — .l’)56.3E+05 — .10403E+O5 — .:36317E+04
— j ’)SE+’)4

•++.++... MODE SHAPE +++++++++
AT CRITICAL LOADS

~I.i j j  .U1~ , . .hJj 7 .1,121 .M22 . . . . ,I.J77: :.
— .37,39~~ di2?67 dl .,)ci ci di rt ii ci dld i di .137:574:339 di .OdI .:iO’)OcidIOo

0124294550 0 . OCt di ci U U di’du did’ . 3 3.35 14:3155 3 . di d’ ’) di di’)’)’) 00
.4234:21.377 3 .O d i O di di di di di di i3 — .0309763 :3:3 1 U. ,:i.:Oodi diood i o

— .00~ 6975.347 ,j. Aj s3 .j dw ,) ci ,j ,_iO .1~~,~3,~0di199
— . I4l42t (5~~( 3 ,  0000’ ) ’ )  000.) — .01 di1696869 0 . 0 0 00 0 00 0 0 0
— . .)._i l . ) ,2 .3 4 .j :: j .ij0ij i_I j i J J A _I~j Li .i_i.~~. ’3’~ 4 ’ :.’’ ,.’
.U27:34191:3:3 Ii _ di ;l di ii di li di,i’).J ~~~~~~~~~~~~~~
,31j4 .3:35973 O .0 0 0C , di U ,:iO Ci O — .dll 0264608 :’ ci .00 .:oOd I ,30U0

— ,~ i i~.e. i47j 3’: i I I i i  I lJ  I I I — i i~ s~2: ’ .,~,41 i.i i i j
— .0di~3.E ,) ’’9E0,~. di .,:i3 ,:t ,:I,) ,:i,:Ici .) .3 .ci diE. ::::;E::~:,E~ .1 di .ci ,:I:iOOi) i:idiodl

I , i i i i .iii _ : e,. _ ’E’ ,.l I i I I ii
— ‘1 1t 2:114.3 1,1 1 I I i i  I — i i,. ~~~~~~ i i i
- . 0024294065

BEGIN ALTER

~-1ot’IF’i’ DAIA~~’ ’N ’

1.I”/ E +PAPAMETEP NAME
•FE:’?

N::, =

‘r i’
— ‘

~~~~
‘ Figure ~ (cont. )
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F l u ’

+EHLI
O

ALTER COMPLETED

FACE SHEET PARAMETER S

E M IJ
FACE 1: .102’3E+O:3 .32000 .06300
FACE 2 : .102’3E+uS .o~~oo .’  .06300

CORE PARAMETERS

‘SI ’ TC
CORE : .24 00E+05 .200d’E+ YS

PLAMFORM DIMENC ION:

A -~ 20 .0000
B 20 .0000

LOAD FACTORS

ri:-<-= .:i.oo HXY= 0 . 00  ti’i’-= ~~~~~

t-~~~- 1 .00 H?E= di ..)’)

SOLUTION FOR ft~rF 6

•...... CRITICAL LOAD.:: *+*•+•+
0 . 0 0 0 0
ci . o o o o

H? —5149.7155
— 1 7 1 6 .!371:3 +.: 1—2, ’r’,..~~ :’

0.0 000 •(1—2-.:.~.~A :~

PRINT EIGEFIVALIJES AND MODE SHAPE (‘? .. ‘ti)?rj

Figure 6. (cont. )
I

23

S

.-__ ;-_- _•
~~~~~~ ‘ —.‘-—.----—--—- .— —---‘-~

-
~~
-.

~~~~~
.- 

~
- ——A ~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

,‘



-A - -A -  
~~~~~~~~~ ‘ ,, .:r: . ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- A ,
~

+ ~~+.+G+++++++4+++4,+,+4.+4..~~.

ALTER
MOD I F’~’ DATA .: .-‘ . N’  ~11

BEG Ill MEt..) PROBLEM : ‘ - ‘N  :‘ ?M

TOP
11, .923 CP SECOMD:~ E:<ECuT ION T I M E

el

Figure 6. (concluded)
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The second problem in the session consists of a square panel with

identical face sheets and orthotropic core (G IG = 1. 20), analyzed for

buckling under two different loading conditions. First, a shear loading is

considered, for which a seven-term solution is required to obtain a converged

result (it can be seen that the shear-buckling mode shape of the panel is

quite complicated; thus , more terms are needed in the displacement

approximation). The ALTER sequence is next used to modify the data for

the second loading condition. A critical load magnitude is then found such

that N = 3N , where N defines an edgewise bending load as defined in
y xb xb

Equations 3. 1 and 3. 2.

The session is terminated when the user bypasses the ALTER sequence,

and doe s not elect the option of beginning a new problem. Execut ion time

for the session is displayed following the normal exit from the program. It

should be noted that the solution for a compressive load only is started with

two terms in the displacement serie s, and for bending and shear loads with

five terms in the series. Thus , the execution time listed for this session

(11.928 sec . )  is the time required for nine separate eigenvalue solutions,

even though only four separate problems have been solved.

4, 2 EXAMPLE 2: BATCH MODE EXECUTION

Two problems are solved in this example to illustrate the use of the

program in the batch execution mode, with data input from cards. Output

for the problems is reproduced in Figure 7. Input data required for

running both problems in a single submis sion is as follows :

Card 1: 0 ( Flag for batch mode)

Card 2: 2 (Number of problems )
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~~~ 

.- == - -
~~ -A—

F~~C~ SHEET D A M ~~’E~ 5 . - —

— — - A  _________ ‘--A—- — ‘
~~~~ 1~!: 

—‘ ______________________________

FA C E  ii .i.~~2 J i + .~3 .3 . J C .~ J .0 2 3 0 3
F A CE  2: . i ’ ] 2 0 E 4 0 5  .3 ’ J G C 3  . 0Z3 C ~ 

- — . - - -

C’7~~E P~ METE~~S~ 
‘ -  . ‘ - -

~ 
: ‘ ‘  — -

I,Y , T1 —

C ORE I .235~~E-’-J5 .2 !5)~~- ” 5  .3 75 0J

PLAN FORM DIME NSIONS

A Z3.5L.~
= ~~~~~~ 

—_______________________________________

L1~~~~~ CTO~~~’ - - - —-A ’-- - . - -  - ‘- .— — - -A ’- -- .-- - — -———-A— .
-

flr: ~~~~~~~~ 
- ‘N~r= ij~ 3~ ‘I I’-. 

~~~~ 
— 

~~~~
3 ’  :.~~~~~~~~~

--—— —“-
~~~~~~~~~~~~ ‘T ~~~- 

‘ -A

T ER MS ‘~X - 

~iXB N X Y  NV NY R A S 3 E M( S Z C ) E I G E N ( S~~C)
2 -:3~r ~~‘ C C ~~ D~ Z •0C 5~~~~~~~~~C Z
3 ~~~~~~~~~ a .a :~ 3 .00 0 u . 0 0 0  0 . 0 0 0  .010 .020

-‘ ~~~~~~~~~~~~~~~~~~~~~ 3 — . ——
—. 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
_-__ - __  _ _.___ _ ___  ..______ -A

— 1361 .  3~ 2A 
—. - .— —- ‘-A — .- - ‘  -—--— .—— - --- — --‘-—-A—.—-

NY C .33CC
— -4 ’( = C . 0 0 0 ‘ t i — 2 ~~f,~~,NYB: C . 0 0 ’ C • ( t — 2 X / A )

•4~~4~~~•ö~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~
- - - .2 sr+0~ - .LC~4 gr+ 3~~~.7 TE+C~~~~- .77L~~ 5~~~~W~ ~~~~~~ 

— .~~~~~~~~~~~~ E~~’~~~
L — .~.5iS2E~~~~ — .2%92~ +~ Le — .19Z~ 1~.0Is -A .

~ 

~~~~~~~~~~~~~ ~*.***s~~.~ - - -. - —— - - - .

AT C RIT ’ I CAL LOADS

(W 1j,W j 2 , . . . , W 13, 1421, W 2!,..., W 3 3 )
I

i . 0 0 0 3 0 G . 3 3 0 0  0 . 0 0 3 0 0 0 0 0 0 3  C , 0 0 0 0 0 0 0 0 0 3  0 . O i . 0 0 0 0 3 1 3 0 0
0.~ m04 a~~~ ~~~~~~~~~~~~~~~~ 

— 

~~~~~~~~~~~~~~~~ 
- .

~~~ ~~
•.j -A __

~
___ .

• G~~0 0 0 G 3 0 G C

Fig ur e  7. Computer Output : Example 2
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F~~C~ SNEEr PA~ A M~ T Z S
-A - - -- - — - - - - - - - - —  . . 

1 ’l’ - ‘ -

FA I ~E 1? .1]3~~E’-~~8 •3~ C~~ .35~ ::FACE ?’ ~~~~~~~~~~ .3 3 C 0 .C 5 000

CORE ~A RAMt 1tRS 
. ‘ - - - -

- — - — - - -A 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-‘__
t~~~

_ ’
~~~~~~~

— _ .  - - - -- - - - - —- -A

CO RE I •.~50~~E~~C~ .2 5.~ ) E+~~. . 2 S 0 0 i ~ —

PLAN F OR M DIME NSI~ MS

A :
‘—-A— -.-— - ----- — -A—-— - — —-- —-A-A— —

LOA O FA CTOR S 
—-A —-A - — - - - . - .—  - - —-A- --

— MX . .5~ NXY :  3 .30  .5~ 
— —--A — -

____________________ ____________________________________— --

T ERMS NX NX c3 ‘ l XV I~IY NYR A S SEM ( SE C )~~IG~~l ( S~~Ci
— 1 L . 3 . 9 S~~~

’ ‘

— 2 ~~~7 . 1 ± 6  _ A & ~~.wI.~ — . 3.5 5 8  — 57’. .232  - . .j55 1.530
6 —I L.C. 769 — 281 .538  • .L. ,~~~ —iLe O .763 —563.076 .095 i..520

~7~~~~~~~~~~~~L39 279 7~~~~~~~~~~ 3’ . 7~~~~13~ . 638 —53 ~~. 552 • ~~~ ~~~~~ o ’

~~ ‘ R ~AI~~G :  T. A T 1 I~~ ~~~~~~~~~~~~~~~~~~~~~ TOL ~~~~ ’~~ E
.3~ .30 25 ~JOT !ATI5~ i1O

~~ TOL~~ .8l~iCE OF’ • , ; 5 j , A~~H Z V ~~O — 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
-

— - . -— •- -D~—TrCAL ~~~~~~~~~~~~~~~~~~~~~~~~ 
-

MX —1 39.6379
- - 

~~~~~~~~~~~ 
- - -A  - .

MY — —1 39.6379
~~~~~~~~~~ ‘( 1, —~~~ V ’ 9 )

NY9 —5 58 . 5516 ( t — 2 ’Y I A )

ê~~ 4 4 ~~~~~~~~ EIGE NV A LUES 4~~~~~4~~~~~~~ % 

A 

- - - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 7~

33_
~~~ 3~

_ -A _ - - --A-A-—— - - - A -- - -- - -

•58t36E.,~3 .587 1.5E* C3  .7 1186E4 L3  .7 2 767E +0 3
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$-
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~ 
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—~ 23 i~~ f ?t~~ - II~ ’5E~~ ’~~ - . j 3j 5~ 4-~~~ — .16J~ ’e~ +01.
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‘ Z 7 ~ 2 E + U 3 ’ ’  -A .————

~~~~~~~~~~~~~~ r,Uu~ 5M~~A ’~~

— - 
AT CRITI CAL LOADS

(Wt 1, 1412,.... W t7 ,t ’ 121,W 22...., W 7 7 1

— .3122565 ’.IJ .~.AA 38. I82 2 1  .C23 ~~377730
.1.38398500 1 .02332 31.865 — .021.C 176 ’.81 .1892 181.2 16
.120391.12’+2 .1.8785193*3 .2 S .~I+1195~~3

~~ 15’-TI~~3I’67t ‘ ~~~~~~~~~~~~~ .~~~?2~~Th~~11 - 1~~A5TS1TS2 -

.1~~t 7 83 3 1 . 8 8  .i€A3 7 81 .65 j — . 2 3 1 2 6C 5 0 0 .  . 0 7 8 57 1 7 1 2 3

.~ t973zg 3~r - .Otl2 5~~zi~ ‘ . 0!3&2 .6~~3
— .13131.221.132 •O3721~52c7 .Ct.51331127 — .036’.71 153

.002U.. 76b07 — . 3u7’iC~~~~~ — . oiu ~~o ,9 .j ’,’. ‘-~~~~275TT.j,~ i. - —

.0112 1.83811 — .3197~~~~~~ 8 .00 ’.8219853 .3.3 1 .122317
- •.~~11~~ L.t~ 1.3 .t 9l~~3Z6~ 

-

• .01.17571278 — . Ge 3 9 c ,~ C 1.73  • 00 06  !t;li1. — . 0121 763316
- - ‘  . t0Z 2~~~ 

- . 1.1.65751 .0IJ2587726i -A
~~~.~~~~~~1’~ 3i1.5

—._______ ______ ___________

Figure 7. (c rnclude&)
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Card 3: 10. 2E6 10. 2E6 . 30 . 30

Ca rd 4: 23500. 23500.

Card 5: . 023 . 023 . 375 23. 5 23. 5 ( Data for Problem 1)

Card 6: 1 0 0

Card 7: 0 0 
____  ____

Card 8: 10. 0E6 10. 0E6 . 30 . 30

Card 9: 25 00. 2500.

Card 10: . 050 . 050 . 250 15. 30. ( Data for Problem 2)

Card 11: .50 3.0 .50

Card 12: 1.0 2.0 
_ _ _ _ _ _ _ _ _ _

Card 13: 7/8/9 END OF RECORD.

The first case considered is that of a square panel with an isotropic

core , analyzed for buckling under a s ingle comprLssion load. It can be seen

from Figure 7 that the output is identical to that obtained in an interactive

session, with additional information printed concerning intermediate

calculations and execution times. For the present problem, the solution is

begun with two terms in the displacement series, and converges imm ediately

due to the simplicity of the buckling mode.

The second problem considers a panel with a 2:1 aspect ratio, subj ected

to a complicated system of loading which includes compression, bending

and shear forces. All input data is echo-printed, followed by the results of

intermediate calculations. Due to the complexity of the loading, the solution

is begun usin g five terms in the displacement serie s, and proceeds thr ough

the maximum number of terms, (seven). Since the relative change in the

last two solutions is greater than the preset tolerance of 0. 25%, a diagnostic

is printed , followed by the current solution. In this case , the diagnostic

indicates that, although the solution has not fully converged, the relative

change in the result is less than one percent; hence , it appears that the
-
• buckling solution is still quite accurate .
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4.3 EXAMPLE 3: A DESIG N PROBLEM

This example illustrates the use of the program for a simple desi gn

application. Consider the design of a simply-supported sandwich panel which,

due to design constraint s and material availability, has the following

prope rties:

Face sheet material - Aluminum 5052-H32
E = 10. 2 x 106 psI , ~ 0. 33

Core shear moduli - G = G = 21300. psix y

Core thickness - t = 0. 5 in.c

Planform dimensions - a = 30. in. b = 24 . in.

Maximum thickness - t 1 ÷ t 2 ÷ t � 0. 65 in.

Minimum thickness of faces - t 1 = t 2 ~ 0. 016 in .

The f ace sheet thickness, t, is to be selected from standard gage sizes

(. 016 , . 020 , . 025, . 032, . 040, . 050, . 063) so as to satisfy stability

constraint s for the following loading conditions:

(1) N = N = -750. lb/ in
x y

(ii) N = 600. lb. u n .  N ~ 300. lb/in.
xy xb

Output for the present problem is shown in Figure 8. A solution is

performed first for the compressive loading case , using the minimum gage

size of . 016 for each face. Load condition (ii) is next checked, to determine

which loading case is more c ritical in determining face sheet thicknesses.

Since the panel is unstable only for load case ( i), the facing thickness is
increased to . 020 in. , and both load conditions are reanalyzed. The critical

loads are then found to be

(i) N = N = -809 . lb. /in.
x y

(ii) N 3249 . lb. Rn. ; N 1624 lb. /in.
xy xb

I
and the prope r face sheet thickness is therefore t = . 0 20 in.
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ii
~it1T E~~: MQt’ LII_ I  :~, FOI~~~Q r4 RIRT IOO, El E2 ~IJ 1 1U2 : 10.~~E’.~ l~ ’ .2E~ • :33 .;33

ENTER CORE r-1ODULI , ‘3~- GI : 3 .:’ :’ . 2130’) .

ENTER ~EOr- 1ETRIC PARA r-1ETER:3 , Tl T2 T i:: A : . ~~~ .316 .5 :30. 24.

En TER LOADIM’S PROPORTIO N; . N:-: r~:-:~ N, r’~:.::~ N~~ : 1 0 1

FAC E :HEET PARRPIETER:3

E MIJ T
FACE 1: .102 :’E÷08 .:~:.::r, ,~:i .0 1630
FACE 2 : I 02 :’E+0~3 . 33 000 .

CORE PAPAMETER:~

‘5 :— : TC
CURE : .21-30E+05 .2130E+05 .5 0000

F-LF’r-1FORM DIfIEN:310t4:;

B -=

E -

LORD FACTDRO

~~:.:- i.,:io r- i:— : — ,:‘ .o:’ r-~1- — i. .:t :’

r-E.e:B.= o .oo  r~~p-~ o.:’ .:’

•+ee• :3~ LIJTIOH FOR M~~N— 3 •..*

• •...... CRITICAL LOAD:: •++.~~•+
— —646 .33:3 3

N:-~ — :1 .0000
— —646 .3:3:3 3

0 .0 0 0’)  •( 1—2. ? . ’-B ’~.o.:’oo +-: . 1— ,~.:.-.:_ — B )

PRIn4T EIGEMVALUE:3 AND MODE 3HAPE’~ 
..‘? .--M :’?N

- - ~E’5IN ALTER
MOZ!IF~ t ’ATA-~ ~J ’

Figure 8. Computer Output: Example 3
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‘3 t yE •PR~~.A~ jE~TEF : N AME

ri:- .: -

11, -
~ 0

.5@

ALTER ,::DMPLET ED

. +*• ~ ,++* +*+ #44*4+44++ + * * + * +44

FA,::E :HE ET F-A RA METER::

E NIJ T

FAI::E 1: .1 :,20E+03 • :~~~~~I,i .0 1500
FACE 2 : .1,:120E÷,:I E: •.~~:ri ii .l .01600

3_
~ PARAME TE R::

TO
LOR E : .21:3 0E+ Cr3 .21:30E+05 .!300C10

F LANFORM DIMENc.ION: .

A = :::I
24 . 0 0 0

LOAD FACTDR:3

— r-1 :. -~ ~: • 0)  ri:-.:,-= I . oo ri, — 0 . 0)

H:.-
~~ :— .30 N,,’~~:-=

•+... : LUHON FOP ri— r i— s

Figure 8. (cont. )
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++.. *+. CRITICAL LOALI L’ -e+~~ *++*

ri. : — 0.

—266 6  .477)

— 1 . 3 3 3 . E .:35 + C j — 2 + , - E: ..’
:1 . ,:.:oa .•, 1—2-* :-- : . .- --A .-

P RI r - I l EIGEr’IVAL:JE. . AND MODE .L .HAPE :~: ,- : r . .’ r.l :i ?M

BEGIN ALTER
MUDIF’ i’ DAT ’(’M)?” ?

GIVE •PRRR~ TER NAME

*Ii~~~
Ti  — .020

12 — .020

•END @

ALTER COMPLETED

FACE . .HEET PARAMETEP: .

E MIJ T
FACE 1: .1020E+03 .33000  .02000
FACE a i Ia~lE+~I~ - :‘  i i  ~sa 1 1  I

• COPE FARFiIIETEP::.

ic
,::ORE : .21.30E+05 .21 3CIE+iY3 .50:0’:’

F’LFiriFoPri DrrlEftLIort: .

A — 3 0 .0 0 0 0
24 . 0 0 00

Figure 8. (cont. )
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LOA D FACTOF.’:

~~ .- ‘:= o .o:  r-i:- ’:~~= i . :‘.:‘ r i , ’ — ~:
— r -  ~~~~~~~~~ 

-

~ i . — • —, u _I I 1 I L• ~_I Ii

+*#*# : :OLJjT ION FOP r i—N— 6 *...

++**.*+ CRITIC-AL LOAD::: **++***
— C’ .Oc ’ c’ ci

~324:3.r~.37~.

— 0 .c ’ooc ’
—lt.c.4 .,~:1 ;33 •~: 1—2 * ’’ .- -- B . ’

u . ~i j~ i j  ... l— ,~.:.<..---H;’

PRINT EI’3EMVALUE:L AND MODE -::HAPE:L •: . I ~ .’N,:’?

~E’3Ir4 ALTER
MODIF? DATA<’~

-’.’M::s’
~~(

GIVE +PARA1j~~TER r-IAME

—

—

,tiI 
~~

Ii’i’• -=

A LTER COMPLETED

-:

Figure 8. (cont. )
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FA,: E .:HEET F’APA-~1ETEF:.:

E tiU T
FAC E 1: •1 :’ ,~~ :E*3:3

FAt:.E ~~: .10.~ uJE+0;:: ..3 3u3 uJ i

,::ORE F’ARAMETER:L

TC .
CORE : .21E:OE+05 .213)E÷0!3  .5~ h)c, :I

pLiRr-IFDPrI DIMEr-4-: b r-i ::.

ft  — :30 .0000
P ~4 .

LOAD FACTOR:L

1-1~
-
~— 1.00 r-i :.-:?~ o.c ’ o r-i’~= i .ci o

M:.•~P— 0 .00  NiB~ 3 .0 0

~~~~~~~~~ :L.QLIJTIDN FOR M—N— :3

+*+**+* CR ITICAL LOIR D:L *+*.++e

— — 309 .1:307

— — :;: ~j ’” . 1 :~:
0 . 00 0 0  +(1—2+?..-’-B:’

0 .0 0 0 )  +.: i—2.:4..-A .:’

PRI N T EII3Er—IVALUE:L. AFID MODE :L’HAPE:L. (
~

-
~

- -
~i)-fl~

• BEG IN ALTEs-~
MOD IF? DATA .: ‘

~ — - - ri ::‘ ?N

~:Ee3 IN NE~u~ PR OBLEM : I/ N  :‘ ?H

.T OP
12 .011 ‘LP 3ECOMD ’ . E:.::ECUTION TI1’lE

Figure 8. (concluded)
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SECTION V

SUMMARY AND RECOMMENDATIONS

A computer program for the analysis  of stability of f la t , rectangular

sandwich panels has been presented. The program is capable of considering

ve ry gene ral systems of applied loading, and takes into account the effects

of orthotropic co re materials and unbalanced face sheets.

The subject computer program is capable of obtaining solutions with

a re latively small amount of comp utation , and requires very little computer

storage (the compiled program occupies 11460 decimal words of memory).

As such , it is ideally suited for use in optimization or automated design

systems.

A number of extensions of the present analysis a r e possible, and

should be investigated. Within the confine s of a linear analysis, generalizations

of the present code to include layered composite faces , elastic edge rein-

forcements and more general panel shapes would represent  a valuable

capability. The existing code can be extended to consider the case of

multicore constructions and panel s which undergo normal deformations,

although both of these modifications require the solution of larger  numbers

of degrees of freedom. The analysis of other than simply supported panels

can be ac hieved by altering the assumed-mode approximation, althoug h

computational effort will be increased for othe r cases.

In conclusion, a useful and reliable tool f or the analysi s of sandwich

structural components has been described herein. Furthermore, the subject

computer code provides a suitab le starting place for the consideration of many

more gene ral types of sandwich construction.
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____________________
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~~~~
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—___________________________________
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1HtCK~ T ( 2 ) + T C * T ( i )  
~~~~~~~~~~~~~~~~ 
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~~~~~~~
_____ ________________

SIGN (2 ) 1 .
-_________
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M~~Ott r~t7t1~~~~~1’~~~V ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ HE 1,1 IIIE 2-
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C0 4MC~t/t C’ACt —,LX ~~,LY , L~~~~L , ~tX ,t ~~~~~~~

JIME”JSi~ N ~C ( L , , . . ) , BC ( L . ) ,X C ( ~.)- - - - - LOGIC -AL INT ”~~~ 
---— - —-—---—- -—-- - -——---.-______ _____—

1A T 4  ~I’3, t~ t 5~~2653589S/

<~~~K 2~~(2
00 1 T~~t~ l(~A A ( I ) =0 .
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00 110 ‘1=j,K
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- _____ ______________________________ ______

J O 3 1 1, L
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~C ( I ) - 0 .
C~~~ M’ P I/A
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~~~~i1Et! )-~ -T- t fl - .J-~-i--fl-~-EE-f~ f-I
C2=~it)*T (I)~~3T4 (I) SIGN (I)/XLMDA (I)
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A C ( 1 , 1) : AC  (1, 1)~~ .5~~GX ~~T C÷C 1’  (C M ’C M+ . 5  (1.—X NU (I) )4 C N~ CN)
________
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~ ‘J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- - ‘ ‘JO ‘
~~~~~

- I~ 1~~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~~~~~~
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3 C ( I ) = — 3 C ( I )

4 A C ( 2 , 3 ) ~~A C ( 1 .~.) 
- 
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~~~~~~ 

AC (1,2):4C (2,3)
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~C ( : ~ , 2 ) : A C ( 2 ,  .•)
• - A C t ~~~~~~ N 3 c ’~ 

---——___________ ______________________- - -

~O ’ 0  !~~f , 2  - - .. 

‘a 3= ( t ) ’ T (  t ) ,x L~ 0 A ( : )
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

42

_ _ _ _ _  - - IT .‘T~



— - -  — ‘ — - . -  -- — - — - -- — —-— -——-— -—- - -—- -- — - - - - - -.—.-—- -—- - -— — — — - — - - - - — - — • — — - ~~~—-_ . — — — - - --- —--- - — — - ,.--— ‘ ---- -_—----—.- —--‘ ——-—.-—- .—-•—- -

C)C C)C5+CM*CM GX’~TC + CN~ CN~ GV4TC
r.ALL C C A M E~~( A C , B C , X C )
A A  (J J )  =1C5
)O 133 I~~1, ’.

100 AA (JJ ) AA (JJ )—fl C (I )~~XC (I)
110 CONTI~’4U

‘JO 150 1 1,K
DO 1~~0 i~~1,K

‘JO 1C5 0 tR~~1,K
‘JO P50 1S 1,<
CM=M~~PI/A

CN=N~ P!/0
IRflW~~(M-1) 

4K+N
IC OL= ( P’—I )-*K+IS
JJ= (ICCL— 1 )4K2+IROW
1F (I~ 0W .E 0.IC1L)GC TO 125
ICHK (M#IR)/2
XCI 4K= .15~ FLCA T (M4IF.)
IF (A ’3S (~ LO AT (ICHK )~~XCt-1 K).LT..100)GO TO 150
ICHK (N+IS) /2
XCHK . ~4FLCAT (N-s-IS)
IF (ABS (RL0AT (ICH i< )~~xcH K .LT..100)GO TO 150
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
GO TO 1~ Q

12~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
15] CONT INu:
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ENP
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X ( J )  X ( J ) / i E N O ~l
~O 75 t=1 ,.+

L~7’
‘ 3 0  CO N T IN U

FNn

‘a
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— — - - -- . r  ~~~~~~~~~~~~~~~~~~~~~~~~~ ____________________

SU~ R0JTtME ‘J~ T(4,O)O IM NS IJN A ( 4 ,LI)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3, j ) ’ A ( - , , 2 ) — A (  3, 2)  ~ A (  + , 1) )  (A ( l , 3 )  ~ A ( 2 ,~+ ) — A ( 1 , 4 ) A ( 2 , 3 ) )

‘J=fl1+D2+03+D~ +05 +06

~~ TU~ N

F

I ;

47

‘I

:~~‘ i~~~~~~~~~~~~~~~L _ _ _



---- - -A - - —  — - - - - — - - —  .~~~~~~~~~~~~~- -  
_ _ _

APPENDIX F

SUB RO UTINE NROO T

‘a

I 48

- - T~~~~~ ~~~~~~ 1~~- ’~~ - ’~~~~11TLJ _ _ _ _ _ _ _ _ _



__  —-—-_-A’ -- ’- - - - — - —----- 

~~‘J~~~ ’J’J T~~N E  N ’ O O T ( M ,A ,B, X L ,X l  -

V.

- . . I .  • l l • t . .. . . . . .t l

‘~U-~ -‘]U I iN~ ~RUu I
L
C PU~~°1~~~~~~~~~~~~~~ ’ - — -——- -- --- -- -- -  -A -A - — - -—’__________

C C3M P UT Z ~I G E NV A L U E S  AND E IG ENVE CT 0 ~~S OF A SEA L NONSY MMEI PIC
O - - - ‘ $~ r~ t~

-’ C~F ‘TEE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

C NOR MAL LY C A L L E D  BY SUBPOUTINE CANOR IN PERFORMING A
C C~~~Or~ICAL CO~~~!tA1’ION A NA L~~~I~~.
C

C--- - ---tT~~~~ 
-‘ - -

C C A L L  N~ OOT ( M , A , R , X L , X )
0--

~~~
--- ——-— -

C 0 E SC ~~IPTI1N OF PA R A M ET E RS
C — Q~~)~~ OP SQUA~~! ‘fA T~~rcEs A ,  ~~, AND X.
C A — INPUT M A T R I X  C M X ri)1

~
—-— —— - T ~~~~~~~A-T-RIX (Pt1~-tl). 

-— 

C X L  — OUT PUT V E C T O R  OF LENGTH ‘1 CONTAINING Z IGENVALUES OF
- -- - - -IW!R~~~~~~ E~~ AT-- —______

C X — OUT PU T MATRIX C M X (4 ) CONTAI N I NG LIGE NVECTORS COLUMN—
C-
V.

C -- 

~E4- A-~~ S - -  ~~~~
—— — — —-— —— _____ —— -

C NONE
C -— ——--——---— —— - - — — —-—- - —- - -

C S U B R) UT I NES A N C  FUNCTICN SUBPPOG~~A M S  REQUIRED

C
C---- -~~~-Tf ~7Q-—---- - -—------—_____________________________ _______-

C P F E~ T O  U. W . C O OLEY AND P. ~. LO NNES, ~ MULT IVARIA T PRO—
C  — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

C 1~~ 2 , ~~ A PTER 3.
C’ -—- —

C . . . . . . . . . . . ••  l •~ • ~• • • I • l i I i • l i 5~ S I • • I I S • S I S S S • • l i  • S  • •
C - ———--—-- ——- -—— - —  - _ -A- — -A-- - - - -— — —

‘JIME” lSION A ( 1 )  , 3 ( 1 } , X L C I ) ,X ( 1 l
C - ‘ -— -—-‘  - - - - A — — — — —  --‘-A- - - - - A— — --—-- - - — — — — — — - — -—— — - — -- ——-—- -— --—- - --- --——— - . -  - _ _ - —

C • S  • S S l S ~~~l~~~• • • I • • I I  • I I • S  • • I S t l~~~I I • I I t l  S I~~ I i S• ~~~I I S  • I S S • •  S •• I
C-—--
C A D O U ~~L~~ ~ RECIS ION V E R S I O N  OF THIS ROUTINE IS DESIRED , THE
C - - - - - - C - IN--CeLu-4 M-t—S~4O ---aE--~E v --F~ O —T-++€--OOU8LE- - PREGISION- 

-; C S T A T ~~r4 E 1T W HIC H F O L L O W S .
_________________ ______— - -

C D’JU~ L E ~~ ECI5IOM A ,B,XL,X ,~~UMV

C TH~ MUST ALSO B E REMOVED FROM DOUBLE PRECISION STATEMENTS
C — —  —APP E’~~IftG IPt OT ME o -- R~~U l-NES- - E —IN—-CO-NJUNCTIOM W ITH— TI~ IS—
C ‘OUT ~~~ E.

- C - - — - -
~~~~~

- ‘ - _____________ ______

-
• 

C TH~ J0U~ LE P~~ECIS ICN VERSIO ?~. CF THIS SUBROUTINE MUST A L S O
C -  ~Os-t T-A I N-UO ‘~~t-E—P~ E~~I-5-I o~*—F-op-~~* -T-H S-.—--S-OR-T---I-N--S-T-A-TE~ E N-~ 5
C I1Q ~.ND 

j
~ T MUST ~~ CHAMG EO IC 3SQRT . ABS IN STATEMENT 110

C  MUST ~E _ C 4 A ~*G~ V. 0 DABS.----

I~~ ~~~t • ~~~ ......... .~~•. • • S l • • I  S t  . . S i i .j . . l i S t~~~i ’ i i ’ t l * i l I.
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_ _ _ __ _ __ _ _--A - -- - — -A-- -- --- -

1%

C”~ JT ~ ; : -~ - 1 - ~~ u F :  A~ . f l  :IG N ’ J E C T C ~~S OF 3

— ‘V ~~~~~~~~~
L~~ 1 ( J — 1 )
0 0 t O O  ~1.J — — - A- - - - - - - -

L~~L~ 1.

~(4 1  - - _ _ _ ___ _ _
~
._

~
. 

~~
__

~~ 
- -

1 O C  ~
( K ) = 1L)

C —

C T H~ 1-~T~~IX B IS A RE A L SYMMETRIC M A T R I X .
C’ -— - - - - - - -~~-—__—_ ~~~~ ____ ________ _______________

4 V = O

C
C ~O~ M ~-E~~I-P~~ e-A-t5-—eF SQU A RE ~- O-O-~— O F Er&e - A e E5-i--—-—~-~-4- E ~ES~t~-T-S-
C A~~~ PR~~~ULTI~~L I~~~ BY THE A S S O C I A T E D  L I G E N V E C T O P S .

L 0
- — - - - — -— ‘- --------— -— - - - - — - - — - —-- -‘ -A - - -- - —  --A-’  -

L~~L+J
1t0 Y t t J )  -1. ~/ — A-e S-~ ~-ttii - )

K 0
- ‘ ——-— ~~O— t - P 5 — J = 1  ,~i — —- --—-— . - —---- —— -- -—- 

~“0 1i~ ~~~~~~~ 
—----- ----—— - - - — - — --- - -— _ ---—-— - -‘ -- - ----

t1~~ R ( < ) = X  ( < ) ~~~X L ( J 1

C ~~O~~M (
~~‘ (—1/ 2 ) ) P P I M E  ~ A ‘

I— -- -- - -— - - - -- - - -‘ - - - - . _- -_ --_ --- ----- --.- - -- - _ - - -

J O  120 T~~1, -
~

- 
~ I 2 = O  -- - --. - - - - - —  —- -—--—- -—-- — --- -—- -—--— - --— - - . -

CO 123 J:j~~
—

- -—-‘- L-~~ 9 .) — - - - - - - - . - - - - - - - —-- - -- - - -- -— -- - ---— — —---—- --—  - - — — - - -

‘~O 12 -) <:1~~1

L 

81~~ 41+-t - - - - - -— — -- - --— -- -- -- - --— - ------ --—— ----— - -— - —--- -- —— - ——-- --- --  - - .—- -

~A 2 = 9 2 +  j
~~~

--
~ -f L-) ft ~ +~~fM - t- A- ft~2-) — —

L 0
—‘- - - --— -—-~‘}O-- -t~ 0- - _ J = 1 , ’...  - -——- -- —-- -----—-—-- --—— - - ----—— —- --- ----

0 0 133 ~~~1,J
- - - - t = I— -

~ 
- — - - - A  — - — - - - - A — - - — -A- - - .-— ——-—-—-A -.- --—-——- - - A - - - -

A C L )  ~~) •
- - - )O- - 133 <~~1’,M -- -- —- - - - - - - -- - --- — - - — -

N1~~~ J t 4 . M

- N2
~

H2 + t - —  --_ -- - . - - - - - - -

t 3~~~ ~~( L ) = 4 ( L ) 4 ’X ( ’ ~1)’~~~( N2)

CO ’~~J T ~ ~ :G~~iv A L u E s  A NO E I G Z N V E C T O ~~S O~ A

C A LL ~ i~~~r-~ ( .~~,X ,’-1 ,M V )
- - - - - L~~ O --— - - -  — - —— - -_ _  _____
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rw ~~~~ ‘ - - - - — •-—~~~~~~-A - _ . _ . . _ ~ -.. - - - - A  ~~~~~~~~~,

‘JO 1~.0 t:1,M
L = L + I

11+0 X L ( I ) = A ( t )
C

C CO~,PUTr T H~ ‘IOPMALIZED EIG~~N V E C T O R S
C

‘JO P50 ~~~1,M
N2~~O
‘JO 150 J 1 , M
U I I ~~~11

L M ~~ ( J — 1 ) + T

00 150 K=1, M
N1=N1+M
N 2 = N 2 + 1

1 50  A (L ) ~~~~ A ( L ) +~~~~ t 11)~~~~ X (N 2 )

L=C
(=0

‘JO 1~~O J=j,(-4
S U M V = 0 . 0
00 170 I=1,~’
L L+1

170 SUMV SU iV+A (L )~~A(L )
17~ SUMV S~~R T ( S U M V )

‘JO 180 1 1,M

180 ‘~ ( K ) = A ( K ) / S U M V
RETU RN
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SUBROUTINE EIGEN I
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r -‘ - -— - . - -  -

C

I • . 5 1* 1  • 5 . t I t* 5 * t  • • S . I• I I•  • • • I •  I I S IS • . • I •  • . I S I S . S• I S . I I I

~~U B~~~) UT I N E  ~I G E N
I’ - - - - --— ‘---- -- -- —-—--- - -—--—— — -—--- ~_-—_ --__ — -- - — —- - -- - - — ‘ -  -

C 3 U R P )S E
- - C PUI!T G~~~tA LiJtS--Ar ’tO - - E-IGE TO~~~~~~~

-A--~~~A~~
- - ’-S y~ljaf -To IC- - --

MA T R I X
C
C US~~G~-

~~~~ C A L L  E:Gft4—fA-,-~ ,N-,ll-v-)- -- -

V.
- 

~~!~~~~~P Ai1~~~~R~—
C A - ORIGINAL MATRIX (SYMMETRIC ), DESTROYED IN COMPUTATION.
C ~E~ ULT4NT EIGENVALUES A~ E DEVELOPED IN DIAGONAL OF
C (

~4TRIX A IN DESCENDING ORDER.
-

~~ 
— RESULTANT MATRIX pF—E-~eE#v -ECI-e-~s---f-s+OR:D Ce~~t~Nw-lSE-,-—----

C IN SAM E SEQUENC E AS E I G E NV A L U E S)
- C N - OR) R—O-F—M-A T ~-I

-CE-S—A---* ND
C MV— INPUT CODE
C 0 COMPUTE EIG HVALUES AND EI~ Et4V:CTORSC I COMPUT E E IGE NVALU ES ONLY CR NEED NOT BE
-C---— —— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C SEQUEN CE )
—-A—__________________________ _______

C
C O~ IGINAL M A T R I X  A HU~ T BE RCAL ~ Y11ET RIC ( 3TO ~ *GE (4CO€ 1)
C MA T R IX  A C A N N O T  BE IN THE SAME LOCATION AS MATRIX R

C SU’3P,OU TINES ANC FUNCTION SUBPROGRAMS REQUIRED
-

C
C
C D I A G O N A L I Z A T I O N  METHOD ORI GI NA T ED BY JA COBI  A N D A D A P T E D
C - —--—-—- —- ‘— - O~--’~~U-$ A NN---F ~ —L-A~ GE- - -C OM-PUT-E~ -S— FOU~ -D—-IN--~’M-A T H-EMA-T IC AL
C M~ TH O0S FOR CIGITAL COMPUTERS , EJITED BY A. R A L S T O N  A ND
C - —_ -—--——_

~j i-a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

C’~ I I I S• I~~~~ t * 5  • 5 I  • . S I I , 5 5 . , 5  5~~ ~••  • • S • •S I I  I • S a t I I S I  I I I .

C 

~~~~ E~~~I —)~ —~~F t ~~I~~~~
-
~~

)- - — — — — — - —-—-— --—- ---- - —- - -- - - -  

C

5 II 5~j ij i~~ ~~~~ 
_i_ _ i 4 i

~~~. i1’T l 1 ’j .’ ..... -. • I  ‘i S •  1 T h • i • 5 1  ~ S S S
V.

-C--- IF— ~— t j ~t-~—-°-R-Ee-I1-IoN V~ R~~ION o- F—-I+t-I- s ROUTINE I— e ~~-I-Ree-c----T-~ E -- —
C C IN COLUMN 1 SHOULO 3E REMOVED FROM TH E DOUBLE PPECIS ION

_ _ t C
C -- - -—  - - f)0LtB L~ EC’i3 O~I--A-~R--, A N O # N ~ M-X-,- THR- 1-X ,-Y -,- 5- INX ,S - - I ,~x 2 , C O 5 x  ,- - - — 

C I COSX2,SINCS

• C M1J51 A L S C  B~ P E M O V E D  FROM DOU BLE ~REC IS IO N S T A T E M E N T S
C - - - — - - A~~~~~~

-
~~

-
~~

R-I M& P-t aT HER- -~~O~~TI S - USEO— -It~~-CON-JUP4CTIGN -W IT H TM-IS —

C ~ OU~~~NE.
- — - --- - - - -

r -

‘S

—
~~~~~~~: 

- -
~~~~

-
~~~~~

- -- .~::
-1T



-A - - ’ — -A - - -A- - - -  —~—-,---

C ~~~ -DO UBLE °RECISIO?’~ V E R S I C I ~
- OF THIS SUBROUT INE MUST ALSO

C O N T -~IN DOUBL E PRECISION FO PIPAN FUNCTIONS. SQP T IN S T A T E M E N T S
C -

~~~ e~~~ ,-75 ,~~~~C-7~ -M UST
- 8f— eM-*frG~ D-To- O5QRT. --A BS IN- STATE MENT

C 52 M iST B CHANGE D TO DABS.
C —-

C III 5 . S 5 5 I S t S 5  5 1 1 5 1 5 5 5 1 . 5 5 5* 5 .  I 5 I 5 5 l t~~~ 5 5 S  • • S I  5 5 5 1 5 5 1 5 I 5 1 1

C — -— - —--- - --—----——— ——- — -—— - - - — -  —--——-——— - --—‘- _____ — _ -—--——-— -A—— 

C G E 1 ~~~A T E  IO (4T ITY MATRIX
r -—- _ _—

~~~~~~~~~~~~
._____ ____

I r ( M V _ t )  10,25,10
10 10— —N

DO 20 J~ 1,N

00 2 0 I:t , N
____________— — -- -

R (IJ)=0 .0
IFC I—J) tO,15,~~0

j E
---—tO COftT- IN~~ - —-----—-- -‘-

C
C C~ MPfT E I  A±—*Nfr--F-I N*L—NO-~ MS C A Ne-~~s---A~ O---A*&RMx-)-—-—---- —
C

~ S A N O ~ M~~O . 3
00 35 I~ j ,N

- - -  --
~ O—3 ---J~ -I-,-*t-— -——— -‘—--- - -

I~~
( I—J )  3 0 , 3 5 ,30

—

A N OP~~= A IC R M +A  (IA )~~A (IA)—3rn COP-~T INu:
IF(ANOPI) t 6 5 , 1 5 5 . ’.Q-—-40 NO~ M~~~~~~~ -S~ R-T-(-A NORM)
AN~ MX 4’4ORM~ j • O E — 6 / F L O A T  (N)

V. ~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _____  _______

~~~~

.

~~~~~~~~~~~

_

~~~~~~~

. _

C INIT A L IZ E INOICA T OP S A NO COMPUTE THRESHOLD, T HR
C—--

N C
- - .  - ‘ AN-e-RM-----—-—-—- —--- — - -—-—-—- - —

~5 TI.~~: T H P/ F L C A T ( N )
50 t~~~~~

-— - - -  -- - — ---—___ ______

5~ ~~L+1
C
C CCMPUTE SIN AND COS
V. -

63 M Q = ( M ~~ ’-’— M ) /2

LM L+ MO
—5-!---I F 4- A ~ 3 ( A f~~Mt-) )—1-~ O-, ~S~~6-5- —

65 1N0 1

MM (I + ‘10
_______- - ‘ ‘ --

6~ Y=—A (LM) / SC~ T (A (LM ) A(L M )+X~~X )
t~~fX+ 7O , 7~r~ 7 5

I
. 73  V = — Y

-, 
- -1E- - S INX=Y/  SO~ T C 2 - ,0~~(I,O-~-f-- 5QR~T (1.-O—Y-’Y~ H 

)- - - - - — -—  — -----—- -- -  — - 

S1 1X2=S I NX *SINX

I p.. . -. -

&~~~~~~~ L ;~
-‘
~~; . ~

-
~~;

‘S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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CO ’~~X 2 = C 1 SX ’ CO S X

SINCS INX~~J O SX
V.

C ~ O T A T E  L A 1’) H C O L U M N S

C
IL Q:N# (L-l)
I~~~~ O=N ~~ C M— i )

00 123 1 1 , M
IO =( I~~~~I— I ) / 2

IF (I—L) 80,11 5,80
80 TF (I—M ) 85,115 ,90
8~ TM=I+MO

GO TO 9’~
90 T ’-l=M+TO
9E I F ( I— L )  10 0 , IO ~~~~,1 0~~~

13’) T L= I+ LQ
GO T O 110

10~ IL=L+IO
110 X = A ( I 1 )~~C 0 S X — A ( I M ) ~~SINX

A C ! M) = A( IL  ) 4 S ! N X +A  ( I i i )  C O S X

A ( I L) = X
i1~ IF(MV— 1 ) 120,125,120
1 2 0  IL° 1L0f 1

IMP, IMO+ I
X =P ( IL P)  4 C O S X— R (I MR ) S I N X

R ( I M R) ~~~~~~~ ( I L R) ’S I N X +R ( h M R) 4 C O S X

-
‘ 

R ( TL R )= X

l2 ~~~ CQ UT I~~~~U~~

X = 2 • 0’ A (Lii ) ‘S INC S
V = A  ( L L  ) ‘C O SX 2 +A ( M M ) ’ S I N X 2— X

X = A ( L L  ) - ‘ S I NX 2 + A ( M M ) ’ C O S X 2 + X
A (L M ) = (4 ( L L) — 4 ( MM ) ) ’S I N C S + A( L M ) ’ (C O S X2 — S I N X 2)

A C L L ) = Y

4 (MM) X
C
C T rST~ FOR COMPLETION
C
C TEST FOR M LA ST COLUMN
r

1 3 0  I F C M — N )  13~~~~,1,~~ O , i3 E

13~ M=M +1
GO T O ~ 1

C
r T S T  FO R L = SECOND F R O M  L A S T  C O L U M N
C

i~+O 
I F ( L — ( N — 1 ) )  1..5,IEO,il. 5

1~~.5 1 L+t

GO TO ~‘
13’) TF (Ir’1!J—1) 160,155,16 0
1’5~ IND=0

r,Q TC c)
C

S
C COMP ’%~~E T H R E S H O L D  W I T H  F I N A L  N O R M
C

160 IF (THR—ANR’IX) 16~~,16 B ,~~5
C
C S ORT  E I G E NV A L U F S  A N O  E I G ENV FC T O R S

~~~~~~
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~~~

------A- -- , - — ---- - A —- — ----
-

C,

I~~~~~~ 1 0 =— N

‘JO 1~~ t 1,N
I0=IQ-i- N

-: LL I+ ( I ’ I— I ) / 2

J Q= N ’(  1— 2 )

00 1’S J=I,N
J Q = J Q + N
MM J +(J ~~~~J — J ) /2

I F C A ( L L ) — A C M M) )  1 7 0 ,18 E, 1 8 5

170 X = A( L L )

A C L L )  A ( M M )
A ( M M) = X

I F (MV ~~~~1I 1’5 , 1B 5 ,17 5

17~~~ -00 180  < =1 , N

TL P = I Q + ’<
T M P J Q +<

X=~~(IL’)
R (I LR )  =-~ (IMR)

180 PC IMR )=X
l B~~~ C O( ’4T I NU~~

~~ T U R N
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~
1

SU PROUTINE CH CK,RETURNS (R1,R2)
REAL LX ,LX~~,LV ,LYB ,LXY,NX ,NXB,NV,NYB
COMMON /CP~TL,I~ IT E R ,PREV ,VA L,ISTART,K ,MAX ,NRUN,ICONV ,TIME1,ThME2
C0MMON/~~CLN/ 4A (21+0i),6B (21+01),EIG (49),EIGVC2kOi),MODE
COMMON /LCAD /LX ,LXR ,LY,LYB,LXY ,NX,NXB ,NV ,NYB
LOGICAL I’IT R

TOLD= . 002 5

I F C A - ~SC :IGu .LT .1.~~— 1+O )EIGC1 =1 .E—4O

VA L EIG (1 )
M OD E  — 1
‘JO 1. 1 ’ , K 2
IF A ’JSLI G I~~~.LT.1.E—1+0 FIG I =1.E—1+0
T ! G ( I)  1. /EIG (I)
T F ( A B S ( T I G C I ) ) . G E . A B S C V A L ) ) G O  10 1
VAL =EIG ( I)
riori:=I
CO~-JT INU ’
t F ( I S T A .~~T . G T . 0 ) G O  TO lD

~ F C S ( ~JAL ,E~~.4 B S ( P P EV ) ) I C O t ¼ lv = l
)IFF=4R~~((ABS (V4L )—AD S (PREV ))/VAL )
IF ( -01FF . LI .T - 3L R)  ICONV=1.
IF(..NOT . INTER )CALL PRINT

(=K+ 1
IF (ICON;).EQ.i) ’ETURN P2
IF (‘<.L~E . MAX) ’~ ET UR N R i
W R T TEC ’~,9OO )OIFF

~ E T U R N  ~~ 2

11 I ST AR I -)

t F ( . N O~~. I N T E R ) C A L L  PR INT
~~~~V=VAL

~~~TURN ‘1

900 FO c’MAT(/10X ,42H~~ WAR NI NG S RELATIVE CONVERGENCE TOLERANCE,
113X,2?HO F .0025 NOT SATISFIED,

2 /1OX ,i6H ’~ TOL E ~~4NCE OF ,F7.!+,9H A CHIEVE D~~)
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r v~~~~~
-—- - - ---- — ---- --- -- - - — - -- ~~~~~~~~-

StJ~~~ 0~JT !N~ Ot J T 2 J T ,P T U Q N S (~~1,R2)  - -

~~~A L L X , L X ~~ , LY  , L Y B , L X Y  ,NX , N X B , NY , NY 3
CO O4 /”~A T L /~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CC I M O N / C C R E / C, X ,GY , T C  ,A , B

r~,r~tT!~~~~~~~~ -v-~ri-r s~~A~~I~
- tA ~~~~~~~~~~~~~~~~~~~~ ~~ t

CC O N/~~C - L N / A A ( a ~+ O 1 ) , B 8 ( 2 1 4 0 i ) , E I G ( L.9 ) , E I G V C 2 ~+ O i ) , MOUE
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

L O G I C A L  INT ER
‘~~A T A  ~~E3 t1-~Yt  - - -  - - - - --- - ‘-— - - - - - - - - - - - - —

N P tiN -~ P 1  N — 1

I S T A R T  =J 
-
~~~

-Q-I-T 6-,-~-9 O )-i(---— ——- - -—- -—-—‘----- -—— - - —- - ——---— ——  —
~~~~~~~~~~~~~ 

-— - - - ‘— -----A-—- - -- —’-. -A- -A-’—— --- - -A -- - - --- - - - -  - --A------ 

Y=VA L’NY
X y~

_
~ -*t-.*t-X-y —

X ‘3 =V AL ‘N X B 
- ---- -Y - ’3=V-A-t*M-Y B--- — --__ - - -- -_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-‘  -

WR I T E C S ,  ~10) 
--—- ‘  -- ‘ - —~~~~~— - - --- -—-— — — - ——- 

~4 P I T E C 6 ,  917) XB ,Y B
- rF~~~~tO tN R-,—G-O-—T-O—±O-& —

WR IT E(6 ,  ~95)
- - - - — - -R ’EA- J-t-S-,-~9-7)-A~-fS-

- - - - - — --— -  — - - - -— — - ‘ - 

IF( A NS. 1E, Y E S ) R E T U R N  R2
1OO ’ COt~T PMJ’E — -____ — -- -- -——- - -—--- -- - - --- ---— — - - - ---- - -- - - ‘- ‘  -

W R I T E ( 6 , 3 0 0 )
-_____ ______________________________

J K2’C ?-’-)DE—t)+l
- - --A ~~

__J
~J *2*M~}f)E ‘~~~~~~~~~ 

-.

W R ITE (6,  9 2 0 )
ITE4L6 ,9i

~

R l

~ 

-- --- ‘ —---------—-‘--—-—- - -----—— ---- -—----- ——--- 

IF ( K . L T .  i O ) W R I T E  C 6 , 9 1 + 0 ) K , K ,f<
‘ -——‘#4 P-I-I-El ~ i-9 2-9 )-t ~-I~~V- C-I h-1=--J-,-J-J )

Z F ( N~ IJ N . L E . 0 ) ? ET U R N  R2 
-——- - -- -- — -—- -- - -—----  ---- --- - -- - - - —-  - - - - - - — - -  

~7O FO~” - i A T ( t 3 X ,23H”’” SC L UT I O N  FOR ‘i N= , t 2 ,~~ H “ ‘)

~~
-
~~~~~

- — F ~ AT (/-/iOX ,4O~-+~~~INT E-1GENVALUES AND --MO-~E--S~-4APE -S - tY/N )?) - -

~~~ 7 FO~~M A T ( A 5 )

~~~~ C -— -  -T-C-f-tO X-,-’3 0-H’- -
~-” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘

9~) 9  ~O~~4A T (-~X ,~~Et2.S)°t -)  - FO~~M A T C / 1 O X ,30HS.* 4~~* CR IT ICAL - - - LOAO -S - ”4”-’} 

~1.5 ~ O0~I A T ( l ] X , L~M NX  .Fj S ,~~ , /j Q X ,  N X Y = ,F16. L. , / 1 OX ,4H NY ,Fj 6.~~)

~~j 7  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~t 1_ 2 *Y / B )~,~ 
I I IOX , NY9: ,F16.~~ ,11M ‘ ( 1 —2 ’ X / A ) )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-——---

~~?0 O F M A T ( / L O X ,30H’’”” MODE S H A P E  ““‘ “ )

9~~
-5- - FO f~

-
*,~~ F1~~ .1O~ 

- - - - ‘- - -— - --— - - - - - -
~~
- - - -  - - _ -_ -— — .- - - - .—-- -

9-s o ~O PMA T (/1OX ,t3H (W11, Wi2,.,.,Wi ,I1,i~.H ,- d21, W22,...,W ,2It,iH)/ )

~

.NTRY ‘ECHO - - -  - - - - - ‘ -

— WPITE (6,9’.i)

-• 
-— — -—-----  

~~~~T Et6- ~-9~~9-)--—-— —
W~~tTE (6,950)E Ci ) ,XNU (1), T C 1 )

- - wP~~TEC &, -~51)’E (2~~,XN U f2 ),T (2~ 
- - -

IT~~C~~,552)~~X ,’Y ,TC -

60 - 

~~~~~~~~~~~~~~~~~~~~~~~~~ 



WRITE CE , 9l~F~)
W~~T T E  (6 ,  9 5 3 ) 4
W R I T E  ( 6 , 9 5 1 + )  B
W Q I T- ( E , 9~~.5)

W P I T F C6 ,~~~~ 5~~~~ ) N~~~~~, LX V , NY

W P IT ( E ,95 7) N X 9, NY B
IF (.NOT .INTER )WRITE (6,960)

9L4 5 FOPMA T (/SX, I2HLOAD FACTORS)
946  FOPMA T (/5X,I9HPLANFORM DIMENSIONS)
9.47 FQ~ M4 T (~~5X ,j 5 H C 0 R E  PARAMETERS )
q~~~~~ F O R M A T( 1 H1 , / S X , 2I HF A C E  S H E E T  P A R A M E T E R S )

9~ +9  F O P M AT ( 12 3 X , I HE ,I OX ,2 1- C N U,8X , IH T )

-~50 FO R M A T  ( 5 X ,7HFA CE j :, 2 X , E j1 + . 1 +, 2F 1 0. 5 )

95i FORMAT ( IX , 7 H FA C E 2 t ,2 X , E1k.1+,2F10. 5)
952 FOPMA T (/22X ,2HGX ,12X,2HGV ,IOX,2HTC ,

1 / SX,7HCOR E g ,2X,2~~I4, L.,F1O,i,)

95,3 F O R HA T ( / S X , 7 t - 1  A = , F 10 .k )

95-s F O P M A T (  SX , 7 H  ‘3 = ,F10 .k)
q-,~ c O R M A T ( / 5 X ,3HNX ~~,F5 , 2 , 3 X ,1+ HNXY =,F 5 . 2 , 3 X ,3HNY= ,F5 .2 /)
q57 FO A T ( ,X ,1+HNXI1= ,F5 . 2 , 1 1+X , 1+ H N Y P =,F5 .2/ )
960 FORMAT C/~~X,5I-1TERMS ,7X,2HNX ,7X,3HNX8,8X ,3HNXY,7X,

I 2H N Y , 8X , 3H NY 9 , 3X , 2 O HA S S E MC SE C) E I G EN ( S EC ) )

R~ T U R N
E N T R Y  PR I N T

X =V A L’ N X

VA 1’ NY
X V =V A L ’ L XY

XB=VA L-”IXB
V P = V  A L  ‘ N Y  ‘3

WRI TE (6,q70)K,X,XB, XY ,Y,YB,TIMEi,TIME2
97 0  F O R M A T  C 6 X , 12, 2X ,  ‘Fi O  • 3)

RETU R N

~ Nfl
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- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S UB R OUT I N E  B E ND1

PEA L  LX ,LX B ,LY ,LYB,LXY ,NX ,NXB,NY ,N Y B
COMMCN/COR ’E /GX,GY ,TC,A,B

• CO MMON /ThTL /INTER ,PREV,VAL ,ISTART ,K,MAX ,NRUN,ICONV ,TIME1,TIME2
- COMMON /3OLN /4A(2 1+U1),RB(2L.Ql),EIG (t+9),EIGV (2401),MOOE

COMMON /LCA O /L X ,LXB,L Y ,LYB,LXY ,NX ,N XB,NY ,NYB
L O G I C A L  M R EO ,  N SEO , M P 0 0 0, N S0 0 0 , IN TE R

‘ J A T A  P I/ 3 .1 ’ + i3 9 26 535898 /

00 100 i=1,K
00 100 N=1,K
00 100 1R 1,~<
M R r o = ( M .  EQ. IR)
ICHK CM + IR ) /2
XCHK . S’FLOAI C M-i-IP )
MP000= (495 (FLOAT (ICHK) —XCHK ) .GT. .10)
00 100 1S 1,K
N S EQ = ( N  E Q. I S )

I C HK C N + I S ) / 2

• 
X C H K . c ’F L O A T( N+ I S )

N S 0 0 0= (A 9S ( F L O A T ( I CN K )— X C H K ). G T .. i 0 )

I C H K= ( I R— 1 ) ’K + I S— i

JJ ICHK’K’K+CM— i)’K+N
IFC (.NOT •MRE Q).AND.(.NOT .NSEQ))GO TO 100
I F( M R E Q . AN D . N S F Q ) B B ( J J) B B (J J )— .125’P I’PI ’

CM~ M’B’LXB/A+N N’A’LY8/8)”4./ (A ~~8)
IF (MPEG. ANDINS000) 88 (JJ) 88(JJ) +2. ‘M’M’N’IS’LXB

‘8/ (A’ (N4N—IS’IS) “2)’4.I(A’8)
I FM R0O).ANO .NSEO)B8 (JJ)=BB (JJ)+2 .’N~ N’M’IR’LYB

I
100 CONTINU :

R f~ T U R N
END
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Sti -1RO IJITNE A LT FTP ,~~~TUPNS(Rj,P2,R3)

‘~~ AL LX , L X ~~,LY , L Y P , L X Y  ,N X , N X B , N Y , N Y 9
COMM ’JN/IATL/E (2) , T (2) , X N U C2 )  , XLMPA (2) , ‘JETA (2) ,~~I G N  (2)
COiM0N /COR~~/GX , G Y , IC ,A  ,f ~
COMMO N /CNTL /T~~T ,PR~~V,VA L, ISTA R T ,K, Mfl Y,4PuN,ICONV, TI ME1, TIM c~2
CC ON / CLN /AA (2401) ,9’J ( 2 40 1)  , E I GC L ~ 9)  , ‘~~t G V  ( 2 1 +0 1)  , M O OF

C CM M ON /LCAO /LX,LX B ,LY ,LYB ,LXY ,NX,NXB ,NY ,N’,-
Lf l G ICA L  INT ~~~

• DT M E N S I ) N  V A R ( 1 7 )
(DATA V E~~/1 HY/
IA T A  V A R / l 4 H dj  ,4H~~2 ,L.HNUI. ,L~HNU2

1 1+HT1 ,1+HT2
2 S4HGX ,~~HGY ,1+HTC

~~HA ,LeHB ,

LS ’-4NX ,~.HNXY ,L~HNYL+HNX 3 ,41-4NYB ,~~HEN ’J /
KO LtN T ~ o
W~~IT (6,900)
WR I TE C  6, 910)
O E A f l (~~,~~2 O )  A NS
IF ( A N f l .  Q . Y E S )  GO TO 10
WRIT E (6,960)
R~~A~~ (5 , 1 20 )  A N S
IF ( A M S . - Q . Y S )  R ET U R N  P1
‘ E T U R N

10 C C NT t N ( J ~
W~~1T C 6 , 9 3 0 )

15 CO NT IW U I
W P IT ~~~( 6 , 9 4 l 3)

R~~A fl (~~ , ~50 ) V
I F C V . E 0  V A R ( 1 7 ) ) G O  T O  8 0 0
00 20 1=1,17
IF (V .N .V42 (I)) GO TO 20
J I
GO ~ 0

20 CONTINIfI
WR I T E C 6 , 3 7 0 )  V
I<O UNT =K 1UNT +i
IF ( ‘< OUN T .GT . ’3) R ETURN P3
W P I T E(  6 , 97 5)
GO T O 1-)

2~ 
WRI TE(F .,990) V

GO TO (tO1,1-)2,10 3,i0’.,1Q’j,106,107,108,
1. 139,j11,111,1j2,113,11~~,1I5,i16,-S0O),J

101 E C i ) ~~V A L
GO T O 1-

10?  E ( 2 ) ~~V A L
GO TO j ;

t O ~ Y N t J C I) = J A L
GO TI 1’

10-. XNU (2)=\/AL
GO TO 1’

10-5 1(1) = ‘JA L 
~~ ‘- ‘T 1’ - 

- - 
-
~ 
!‘

GO II  1-  ~~~~ P _‘-.

io~ T ( ~~ )~~~~~~ ~- . S ,

GO IC i
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107 GX=VA L
GO T O 1~

138 GY=V A L
GO TO i. ;

1.39 TC V A L

GO TO i;
-: 

110 A = ~~’ A L

GO TO 15
111 1 VAL

GO TO IC
112 9X VA L

GO TO 1~
1.13 LXY VAL

GO TO i;
11~e NY VAL

GO TO 15
115 NX 9= VAL

GO TO 1~
116 NYR= VAL

GO TO 15 
$

800 CONTINuE
C S ET R E S T A R T  P A R A M E T E R S

N P U N O
ICONV O

C A L L  RESET
W R I TE  ( 6 , 9 80 )

W PITE (6,900)

~~ T U R N  ?2
C FO R-M A T S
900 FO~~M A T  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
910 F O R M A T  ( /1O X, 1 I H8 E G IN  A L TE R , / 1 OX , 17 H’ I O D IF Y  D A T A ( Y / N ) ? )

920 FO~~M A T (A1 )
930 ~~~~~~~~~~~~~~~~~~~~~ ‘PARAMETER NAME )
940  FO R M A T  ( 15 X ,1 H ’)

950 F 0 P M A T ( ~~3)
9~~~fl F O R M AT ( / 1 O X ,23 H B E G I N  N E W  P R O BL EM (Y / N ) ? )

9~~0 FO~~M4 T ( / 1 0 X ,1~s HINV A LID D A T A  $ , A 5/ )
975 ~OPMA T (1OX ,17HRETRV OP TYPE END /1X)
980 FOP’IAT( 1OX, I5HALTER COMPLETED )

~-~O FO PMAT (15X ,A5 ,3H~ )
‘TNC
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I

SUt IPOUTINE T I T L E  (I)
1 FOC’M4T(//)
2
3 F0PMAT( 18X, L~~H’
t. FOPMAT (18X ,L,31-i’ GENERAL STAeILITY ANALYSIS OF
5 FOPMAT( ISX ,1+3’-l’ FLAT , RECTANGULA R SANDWICH PANELS ‘)
6 FORMAT (18X,1+3H’ REVISE D 10/15/76
7 FOPMAT(18X ,L.3H4 UNIVERS ITY OF DAYTON RESEARCH INSTITUTE ‘)
8 FORMAT (1SX, L.3H’ DAYTON, OHIO 4 )

9 FOPMA TC IMI )
IF (I.LI.O) WRITE (6,9) -

W PITE (6,j)
IF (I.GT .1) RETURN ‘

WPITE (6,2)
WRITE(6,3)
W R I T E  (6 , 1+ )
W R I TE  (6 ,5 )

W~~ITE (6,6)
WRITE C 6, 3)
W R IT E ( 6, 7 )

W R I T E( E ,8 )

WRITF(6,31
WRITE (6,2)
WRITE (6,1)
RE T U R N
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