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FOREWORD

The work reported herein was performed by the Aerospace Mechanics
Division of the University of Dayton Research Institute, Dayton, Ohio, under
Air Force Contract F33615-75-C-3009, ''Structural Sandwich Composites, "
for the Air Force Flight Dynamics Laboratory, Wright-Patterson Air Force
Base, Ohio. This effort was directed under Task 02 of Project 1368, with
Technical direction and support being provided by Mr. Harold C. Croop
(AFFDL/FBS) as Air Force Project Engineer.

oh

The work described was conducted during the period between November
1974 and June 1975, under the general supervision of Mr., Dale H. Whitford,
| Supervisor, Aerospace Mechanics Division, and Mr. George J. Roth, Leader,
Structural Analysis Group. The principal investigator was Dr. Fred K. Bogner.
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SECTION I
INTRODUCTION

The problem of general instability of a flat, rectangular sandwich
panel subjected to combined inplane edge loads has been considered in
Reference 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.

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 transverse
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 transverse shear deformation. The elastic properties of the core

therefore consist of the two independent transverse shear rigidities.
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1.2 METHOD OF SOLUTION .

The analysis contained in the subject computer 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:

Trp F TTP [¢ (x,5) ¥ (x,y), W(x,7), S eY] (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
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:

N N
" mmx . nmy
o (x,y) = rzr;lzl zn:l d cos —= sin—
N N
2 v . mux nmy
Y (%,7) ?n:l %:l sin=—= cos—p (1.2}
N N
s . mux _. nmy
w(x,y) = ?n:l 231:1 w sin—= sin—

The requirement that the discrete potential energy function be minimized

s

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

* #esults in the generalized eigenvalue problem:

[K]{W} +A[G] {W} = {o} (1.3)

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

1 corresponding buckled mode shapes.

* In the computer program, at least two solutions of Equation 1.3 are

performed per problem in order to assess the convergence of the numerical

N WK A X
(S2)
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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 series, and

the critical loads are compared. Further 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 computer program (listed in Appendices A-1,) is coded in

CDC FORTRAN-EXTENDED language. The organization of the program

o

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 defines all geometric constants.

Subroutine ASSMBL - assembles the elastic stiffness [K] , and com-
putes the contributions of compression and
shear loads to the geometric stiffness [G].

Subroutine BENDI1 - computes the geometric stiffness terms due

3 to nonuniform (edge bending) loads.

Subroutine CRAMER - solves a linear system of four equations using

Cramer's Rule,
f Subroutine DET - performs a literal expansion to obtain the
determinant of a matrix of order four,
3 Subroutine NROOT - manages the solution of the generalized eigen-
o value problem [A] {X} = \[B]{X}, where [B]
y is positive definite and symmetric.
: Subroutine EIGEN - extracts the eigenvalues and eigenvectors of

a real, symmetric matrix,
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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 batch processing,
intermediate solutions and segment execution
times are also printed. Entry point ECHO is

" called to reprint the problem data for veri-
fication purposes.

Subroutine ALTER - accepts 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 structure 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 series (Equation 1. 2) is chosen,
according to the types of loading which are specified (subroutine INDATA).
Subroutines ASSMBL, CRAMER, DET and BENDI are entered to form the
elastic and geometric stiffnesses, and the resulting eigenvalue problem is
solved in subroutines NROOT and EIGEN. The lowest eigenvalue is
located and compared with previous solutions (subroutine CHECK). If the
required convergence test is passed, the solution is printed (subroutine
OUTPUT), and a new problem is begun. Otherwise, the number of terms

in the displacement approximation is increased by one, and subroutine

ASSMBL is recalled to begin the next solution,
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The maximum number of terms which can be considered in the
numerical analysis is limited by high-speed storage requirements, since
no scratch files are used. For interactive use, the program is restricted
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.

Array dimensioning for the listing of the program (Appendices A - L)

i corresponds to a maximum of N= 7,

!
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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 gives the necessary

information for interpretation 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 cr a comma. The data deck is arranged

as follows:

Card1l: O

Card 2: NRUN
Data for problem 1
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 (2): E1 E2 NUl NU2
Card (b): GX GY

Card (c): TlL 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 values 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 determined by the

eigenvalues of the problem. For example, if

a critical load intensity is sought such that Nx = ZNx' The values of
NXB and NYB refer to the maximum magnitude of an edgewise bending load,
measured at the corners of the panel (see Figure 3). That is, values of the

corresponding loads Nxb’ ﬁyb are to be interpreted as defining the edgewise

resultants
NX = Nx'b (1 - 2y/b)
(3.1)
N = N 1 - 2x/a).
Y = ( )
The corresponding total bending moments are then given by
M_ = N_, b%/6
X xb
(3 2)
M_ = N a%/6.
y vb

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

integer or real values.

3.2 DATA INPUT FROM TELETYPE

The data required for interactive 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 initiate requests for input data, the value ''l" is entered (in free

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

13
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The program then responds with the following requests for input:

ENTER MODULI & POISSONS RATIOS, E1 E2 NUIl NU2
ENTER CORE MODULI, GX GY

ENTER GEOMETRIC PARAMETERS, Tl T2 TC A B
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 ssparated by a space or comma.

An option 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

BEGIN ALTER
MODIFY DATA (Y/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

0
sk
L .

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

variable whose value is to be changed, and depresses the carriage retura.

* 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 NU1 NU2
GX GY i T2
TE A B NX
3 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 (Y/N)? Y @
GIVE *PARAMETER NAME

+E1
El = 10.2 Eb @

+*END  €B)

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 (Y/N)? N @

The next line to be printed is then
¢ BEGIN NEW PROBLEM (Y/N)?

The response N @ 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.

s R
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3.3 DESCRIPTION OF OUTPUT

Output from the program for each individual problem solution consists

of:
i) input data verification
ii) results 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 int~ractive use, the data is also
printed after each set of modifications in order to provide a readable

summary of the current problem.

During batch processing, the results of each solution iteration are
included in the output. This information includes the numbear of terms in
the displacement approximation (Equation 1, 2), current values of the critical
loads, and processing times for matrix assembly and eigenvalue extraction.
Intermediate results are not displayed during interactive execution of the

[‘ program,

Final results displayed by the program include the critical load

i magnitudes, the eigenvalue solution, and the mode shapes for the first
buckling mode. When executing the program interactively, the user can
t 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 1

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 terms has
failed to converge within one quarter of one percent (see Paragraph 1. 2),

the message

%
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:
E
:
l
]
?

WARNING: RELATIVE CONVERGENCE TOLERANCE
OF .0025 NOT SATISFIED
TOLERANCE OF ( ) ACHIEVED

is printed. This situation will occur in the analysis of panels having very
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 stringent; in nearly 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 sequence,
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/N)? ¥ €B)
GIVE *PARAMETER NAME

£ €8

INVALID DATA: E3
RETRY OR TYPE END
x

Multiple errors of the above type during a single pass through the ALTER

sequence will cause execution to be terminated.




SECTION IV
EXAMFPLE PROBLEMS

Typical analyses performed using the subject computer program are

presented in this section. The examples are intended to familiarize the
% reader with the mechanics of input 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: INTERACTIVE EXECUTION

This example is an interactive session which demonstrates many of

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

involving various combinations of material parameters and loading conditions,

Output for the session is shown in Figure 6.

l For the first problem, a 24 in. by 40 in. panel having 0.025 in. aluminum
face sheets is analyzed for buckling in axial compression. Following the
command to execute, the problem data is read in and echo-printed by the
program. A converged solution, corresponding to three terms in the

[ displacement series, is printed out, followed by the eigenvalues and first

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

b coefficients shown are not deflections, but modal participation factors; for

the present case, since only W

#0, the deflection of the panel is of the form
11 P

! 5 X % m
: w(x,y) = A sin o sm—bz .

T

In the ALTER sequence, the face sheet thicknesses are increased to 0. 32 in.,
R 4 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

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

the user does not request a listing of the eigenvalue solution and buckled

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

is also bypassed, in order to begin the next problem.,

SR B S
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EMTER MODULI % FPOISZONT RATIOZ., E1 E2 HWU1 MU @ 10.2ES 10.2Es .33 .33 (§§

: 2IGa0. 23704, €Z§
2,025 025 .5 24, 40, (§§
' MAB MY2 = 1 0000 659

cHTER CORE MODULI S M

gl
.

EMTER GEOMETRIC FAFAMETERZ. T1 T2 TO

s §)
hi

EMTER LOADIMG FROFOFRTIONE

2
e
-
—_-

FACE ZHEET FARAMETERZ

E
A0S 0E+ QS
A Az aE+OE

FRCE
FRCZE

M2

LO2E00

COFE FARAMETERZ

(EX =3 TC
CORE s LSETOE+DD LESTOE+DT LT

F FLAMFORM DIMEMZIONT

(=i U

= =8 I

= $0.a000

I.OAD FARACTORE

|3 M= 1.04d M= .00 M= .00

A= 0.0 HiE= 3.0

+e+ee ZOLUTION FOR M=M= 2 ++++

0o00¢0¢ CEITICAL LOADE +++++9e

= -11c2.0004
ps = u.nnun
3 = =B
i = e |_| didil o i =29 /D
i

; FRINT EIGEMVALUES AND MODE IHAFED ov-H:7¢ €

+ooo499++ £ [GEDR
. - IAGTEE+D4 - L6
r =, 43243E+04 -, 2
1 —JA1Ea20E+04
P

{YALUED +++9595»
TEE+04 - Led34dE+ 04 - 50
1E+04 - 207 12E+04 - .35

Figure 6. Computer Output: Example 1
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TESIN ALTER
HMODIFY DHTH{TfHB?I_€§§

*T1
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E 1 T
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CORE FRRAMETEREZ
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h kL

i D

LOARD FARCTORZE
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HAEB= 0,00 MYE= .00

+++++ COLUTION FOFR Mz=H= 2 +++e

Figure 6. (cont.)
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i

++ee+ ZOLUTION FOR M=M= 7 ++++

Figure 6, (cont.)
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Figure 6 (cont.)
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Figure 6.
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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 (Gx/Gy = 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 Ny = 3ﬁxb’ where Exb defines an edgewise bending load as defined in i

Equations 3.1 and 3. 2.

The session is terminated when the user bypasses the ALTER sequence,
and does not elect the option of beginning a new problem. Execution time 5
for the session is displayed following the normal exit from the program, It a
should be noted that the solution for a compressive load only is started with
two terms in the displacement series, 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 submission is as follows: |

Card1l: O (Flag for batch mode)

¢ Card 2: 2 (Number of problems)

TR 4
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FACZ SHEZT PARAMITERS

; = HO A
FACE 1t «13232+33 «3U2430 «023C3
FACT 2@ «13230E+08 « 33001 « 02300 T T e e e

CORESRARENEIERSY 7 T T e T T T T T T T

oX LY . TC
CORE ¢ 23502405  .2353Z¢35  ,37500

PLANFORM DIMINSIONS

A
w5

23e3240
€JeBJul

coRy-FRCTORS . e, Nl S

NX= Lo Ts TNXY=UeITT NYE O 0T : e e

TRYSETIOTT T TIVEE eae N

TEZRMS NX NXB NX Y NY NYB ASSEM(SZCIZIGEN(SZD)
VR S P o4 ) T GeCUT TeTTY T.03C «0C5 <002
3 =1361,353 040323 Je.000 Je 000 0.000 «010 «020
T T %es*sSULUTION FOR M=NZ= 3 ¥¥*F

T ssesser CRITICAL LOADS ®*sx3xs —
NX = -13681.3028
XY g et  — —
NY = C.J3CC
NX= LeLULU TUI=TYZTT
NYB= CodCCC *(1=2%X/A)

$82 458332 EIGENVALnJES X E R TR YR

=e26723C+05 =, 1TLLOE+IS =,79203T+y4 -, 77165r¢006
o bHULLIEPCL =4U5182E 4006 =4296925 40U =4192315+04
SeI3BIICFUE

o) Tt “.".’"".""'_m 'Sﬂ‘p_ﬁ ki b Bk L - * . L S I i A T AR

AT CRITICAL LOADS i

(W11,W12y 0001 W13y W21 W22 90009 HW33)

1.000005350¢ ¢.0000cc0C00 €, G0000C0GA0 0.3.000023000
TTTLITVVEITVLS T ITOTTITCTGET TG UTTUGEIICT  Te.CTITCTIOOCT
G.G300006300¢C

3 Figure 7. Computer Output: Example 2
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FACE SHEIT PARAMITZI®

_— e

FACE 11 J1009€+28 L3320 L35108
FACE 21 L13005+C3  .32200  .€5000
CORE 9aRAMe TERS
S et e 3 G e T o e e
CORE 1 $2308E4C4 $250)E4G4 25060

PLANF CRM DIMENSIINS

Az 15,2031 Bimth
S TOBTE 33,366 L

LOAD FACTORS i et ' ST D iy e fcpe—

NX= o5&  NXY= 3,00 NY=  ,5¢

NXB= 1,373 hys= 3,T7 7
TERMS NX NX8 NXY NY NYB ASSEZM(SECIEIGEN(SZC)
5 T Teib3I 558 287,115 851,38 -1u3.558 =574,232 ~ed55 14530
6 =140 4769 =281.538 =84L,HALL =140.7€E3 =563.076 «095 44520
T 7 =139,533 <=279.275 <-837.327 ~-13%.638 =558.552 « 153 11.800

% WARNING?: RELATIVE CONVIOGRINCT TOLIRMANCE
OF 40025 NOT SATISFILD
®% TOUZRANCT OF 454581 ACHIZVED ) "

T ®¥ ¥ SOLUTION FOR MENE 7 FEEE
il T sF¥¥® 3 CRITICAL LOANS sxxx¥xx - i) S et B R e i i)

NX = -139,6379

ST NG B TR D R e e e e e e
NY = -139,6379
NXa= =dl9e¢d /58 ¥11=2%Y/H]
NY3= =55845516 *(1-2%X/4)

*snssssss STGENVALUES *ssxsssx
T T e39BIIEFTIT T SJBUTISTHRIT T L662562+0C3 L G7UIITEOT T T T
eS81L36E+C3 +587152402 L71186FE+(3 .72767t+02

«7333US#TT 32964 *J5 L,32363c+C3 L ITUI3E+0G
e136LOE+I%  ,133951S+C4  LL173WOEH(L  ,181893E+04
TTWLZBZIEFTG S LSLIFTHIG G 1IB77+(S -.97258T+04 HANTXREE LS

=ol2598E+.4 =o3LLILT+IL =,25895Z+00
- T *e2355LE#IL =, 21135E¢70 =, 1II5LETL
“elW1B3E+0L =o110L2R+34 =, 100782+04

=+ 24556Z+54
=e 16734z +0L
=e32326c+03

e R S SSPCPRTSIE TN oYV PR LG 4

=eB5177c¥U 3 =oBEI/BT¥LJ =4 05500c*l 3 =o0dCPT+II

~e63383E+03 =4 52835403 =,52u26E403 =, 4B86UE+03
— T = 4 S5BLEEFI3 = 4T2UBTIUI = IIRI2THCI =4 ITTRGECT -

=e37313E+403 =4 311726403 =, 308952+03 =.285932+03

Sel7TILTEFUS

o veverer MODE SHAPS Foswwwery

AT CRITICAL LOADS

(W11 W12 9000 s W17 W21 yW22 4440y W77)

=e312256541J «4AB38U8221 ¢ 0234377730 =e 35006191233

¢138939850C1 ¢ 02332348565 -, 024C176481 0392184216
1203941242 ~e 4578513343 02334119533 «1u34325660
T T T =W1571831671 wUSBCBBSS5Y 4352217431l =,15833531382
«10178336388 «1682781653 =e231260500¢4 «0785717123
T e0197829347 ~ ~-,0012185526 L 0033624633 L O0uL81533U53
~e1J04224132 «0372185227 «CW51321127 =s 0364715153
sUUZUG /Dol /7 RIS VIS 44N R PVELIANELE] T4 ELYEELY
suf12683311 = 3197431318 « 03432219853 «3004122317
=4 00036426183 S GCB7UL770S — «40117BL1I34LS "= 0UT%91563268
«0117571273% =s (C395504L72 «00062151106 =, 012:763316
T =e00203892CG7 = L OCLLBEIY7BLT « 0025877265 —~ =.Gu35183119
=+0uJ83602C6

Figure 7, (concluded)
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Card 3: 10.2E6 10.2E6 .30 .30
Card 4: 23500, 23500.

Card 5: .023 .023 ,375 23.5 23.5 (Data for Problem 1)
Card 6: 1 0 0

Card7: 0 O

Card 8: 10.0E6 10.0E6 .30 .30
Card 9: 2500, 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 single comprcssion 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 immediately

due to the simplicity of the buckling mode.

The second problem considers a panel with a 2:1 aspect ratio, subjected
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 using five terms in the displacement series, and proceeds through
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 DESIGN PROBLEM

This example illustrates the use of the program for a simple design

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

2

due to design constraints and material availability, has the following

properties:

Face sheet material - Aluminum 5052-H32
E = 10.2 x 106 psi, = 0,33

Core shear moduli - Gx = Gy = 21300. psi
Core thickness - tc = 10,5 in,
Planform dimensions = a = 30, 11, b = 24. in.
Maximum thickness - t1 + t‘2 + tc < 0,65 in,
Minimum thickness of faces = t1 = t2 2 0,016 in,

The face sheet thickness, t, is to be selected from standard gage sizes
(.016, .020, .025, .032, .040, .050, .063) so as to satisfy stability

constraints for the following loading conditions:

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

(i1) N = 600. 1b. /in, SN = 300, 1b/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 critical 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

(1) N = N = -809. 1b./in.
Y ” y
(ii) N__ = 3249, 1b. /in. i N . = 1624 1b. /in.
* Xy Xb
1
and the proper face sheet thickness is thereforet = ,020 in,
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EMTER MODU_T & POLZZOMZ RATIOZ. E1 EZ2 MU MUZ @ 10.3Ee8 10.2ES .33 .23

EMTER CORE mMODULIs 3 N PS1Ea0. 213040, éﬁg
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FLANFORM DIMEMZIONS

4
A= 30.0000
B o= 24.0000
LOAD FACTORZ
M= 1.00 M4v= 0,00 Hv= 1.00 %
MidB= .00 M= 0.30

+++++ ZOLUTION FOR M=M= 2 ++++

+e+999¢ CRITICAL LORLE +44+99+
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fe'v'= 2.0000

My = —E4E 3323

M E= Q.0000 #01=2+7-B)
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.!
3 aa a2 el e N e 2

»” eEGIM ALTEFR

1 MODIFY DATACCHITY €§§

: Figure 8, Computer Output: Example 3
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GIVE +FARAMETEFR HAME
ariid

Md = @ @
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B = .5

+END @
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' soees TOLUTION FOF M=tz & sese

Figure 8., (cont.)
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Figure 8. (cont.)
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Figure 8.
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Figure 8. (concluded)
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SECTION V
SUMMARY AND RECOMMENDATIONS

A computer program for the analysis of stability of flat, rectangular
sandwich panels has been presented. The program is capable of considering
very general systems of applied loading, and takes into account the effects

of orthotropic core materials and unbalanced face sheets.

The subject computer program is capable of obtaining solutions with
a relatively small amount of computation, 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 are possible, and
should be investigated. Within the confines 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 panels 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 achieved by altering the assumed-mode approximation, although

computational effort will be increased for other cases. L

In conclusion, a useful and reliable tool for the analysis of sandwich
structural components has been described herein, Furthermore, the subject
computer code provides a suitable starting place for the consideration of many

more general types of sandwich construction.
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T T ERAGRAM BPLATII(INPUT,, QU TRPUT TAPES=INPUT TAPEG=OUTPUTY

c

CMAINPRIGRAM

c GENERAL BUCKLING OF FLAT RECTANGULAR SANDWICH PANEL

T WITH STYeLY=SUPPORTSO tO6GCSy SUBUECTED—TOCOMBINED—
€ SOGEWISZ BZINJDING, COMPRESSION AND SHEAR LOADINGS

€

REAL LXyLXByLYWLYBoLXY NXyNXByNY,NY3

T T COMMONZAAT /S (2) 5 T2 ) XNU (2 s XEMBA 2 )y 5 SET A2 SIGN 22—
CCMMGON/ZCRZ/GX,GY4TC A48
COYMON/SCLN/AA(2501) ,B83(2401),EIG(49),EIGV (2L401),MO0E

T T R OMMONZE CA T XS EX B L Y EY B E X YT N XS NX SN YN YR
LOGICAL R<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>