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FOREWORD

This report 1is prepared by the Lockheed-Georgia Company under contract
NAS1-15949, "Advanced Composite Structural Design Technology for Commercial
Transport Aircraft," and serves as a user's manual for a computer program
prepared for the analysié and sizing of stiffened composite panels. This
work was performed under Task Assignment No. 5 of the contract. The pro-
gram is sponsored by the National Aeronautics and Space Administration,
Langiey Research Center (NASA/LaRC). Dr. James H. Starnes is the Project
Engineer for NASA/LaRC. John N. Dickson is the Program Manager for the
Lockheed-Georgia Company.

In addition to the authors the following Lockheed specialist/consult-

ants made major contributions to the material presented.

L. W, Liu Programming
Dr. J. T. 8. Wang (Georgia Tech.) Analysis
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POSTOP: Postbuckled Open-STiffener Optimum Panels -~ User's Manual

Sherrill B, Biggers and John N. Dickson
Lockheed-~Georgia Company
Marietta, Georgia

SUMMARY

. Instructions for the use of the computer oprogram POSTOP for the
analysis or sizing of stiffened panels are described. The panel 1is
stiffened with longitudinal, open-section stiffeners. Composite materials
may be used. Stiffness, stability and strength analyses are performed.

Sizing of the panel geometry and laminate configurations may be performed.

This report serves as a User's Manual for POSTOP.

INTRODUCTION

The computer program POSTOP has been developed to servé as an aid in
the analysis and optimum sizing of stiffened panels. This analysis and
sizing code was developed specifically for longitudinally stiffened compo-
Site panels loaded in the postbuckling range. Buckling resistant panels,
or panels made of isotropic materials may also be treated if the assump-
tions and analytical techniques outlines in Reference 1 are appropriate for
the particular application. In summary, POSTOP may be used to analyze or
size panels made of linear elastic materials with configurations normally
found in fuselage, wing, or empennage covers,

This report gives a general description of the capabilities and
limitations of the code. Detailed instructions required to use the program
are presented. Several example problems are included. An understanding of
the analytical and sizing procedures described in Reference 1 will aid in

the effective use of the code.



A general description of the geemetric and loading capabilities and
limitations of POSTOP is giwven below. A sketeh of a typieal panel and
loading is shown in Figure 1. An overview of the analysis and sizing
methodology used is also presented, Detailed discussion of the various
analytical routines and sizing precedures are presented in Reference 1.

XN =N

XN(2) = Ny

XN(3) =N
xy

PRESS =p
BS =b,

XL=1

Figure 1, Typicel Stiffened Panel and Leading

SEQUETRY

The panel may be stiffemed with attached stiffeners or jintegral
stiffeners, The stiffemer geametry is limited te any shape that may be
formed by deleting flanges from an I-seetion (for example, I,1.%, d, 4,
I, ete.). The stiffener geometry is shown in Figure 2. The stiffeners are
assumed to be identical and prismatie.
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Figure 2, Stiffener Geometry

Although unsymmetrical stiffeners may be specified, the attached
flanges should be symmetrical about the web if the stringer is bonded to'or
cocured with the skin as the primary attachment method. The tendency of
the skin to separate from the stiffener can be minimized only if symmetriec
attached flanges are specified. The skin and each element of the stiffener
must be specified as balanced laminates. Normally, midplane symmetry is
also maintained in all laminates. For unsymmetrical laminates, approxima-
tions are used to eliminate bending-extensional coupling. Any fiber orien-
tation may be specified for each orthotropic¢c lamina from which the skin and
stiffeners are composed.

The panel geometry is assumed to be repetitive in the longitudinal and
transverse directions. The panel length should be greater than the stif-
fener spacing. Transverse curvature effects are small in large radius
structures such as transport fuselages with small stiffener spacing and are

conservatively neglected in POSTOP.



LOADIKG CONDITIONS:

Applied in-plane loads may be a combination of biaxial compression (or
tension) and shear. Failure modes considered in the program and simplifi-
cations made in the theoretical development of some of the analysis rou-
tines, however, are based on, the assumption that longitudinal compression
is. the dominant loading. Although no. actual limitations have yet been
established, it is. anticipated that when the shear 1load (NXy? does not
exceed 50 percent of the longitudinal compression load‘(Nx) any. inaccura-
cies resulting from simplifying assumptions in the analysis procedures.
should be small. In addition to in-plane loads,'normal pressure loading,
thermal loading and initial eccentricities may be applied. Eccentricities
in the form of an initial bow and/or an offset of the applied 1ong}tudinal‘
load relative to the section centroid may be specified. 1If an initial bow.
is present, analyses are performed.for both positive (inward) and. negative
(outward) initial curvatures. Up to five separate load cases. may. be im~
posed in each analysis or sizing run. Panel sizing insures. that all

margins of safety are within specified bounds for all loading cases.

ANALYSIS

The analyses required for the design of stiffened panels may. be
broadly grouped into categories. of stiffness, material Strength, and
stability. computations. Specifie requirements and/or allowables within
these areas may vary for different load cases. For example, skin buckling,
may be permitted for one load case and not allowed for another. Lload cases
with different temperatures may require that different material properties
or allowables be use in the analyses. for the various load cases. POSTOP
will consider these multiple requirements associated with multiple 1load
cases. In all analyses, the materials are assumed to be linear elastic.

Stiffness requirements that may be directly imposed in POSTOP are the
axial and shear stiffnesses of the unbuckled stiffened panel.

Strength analyses begin with the determination of the longitud'nal
strain and change in, curvature in the panel. Reductions in panel axial and

bending stiffnesses due. to postbuckling of the skin are made in an itera-



tive procedure that accounts for changes in curvature due to eccentricities
and normal pressure. Beam-column theory 1is wused to account for ﬁhe
interaction of load, curvature, and stiffness changes due to skin buckling.
On completion of the iterative strain/curvature determinations, strains (or
stresses) are détermined in the skin and stiffener elements for each ply or
lamina. Local bending and membrane strains are evaluated_ at critical
locations in the buckled skin. Material strength margins may be based on
the maximum strain criterion or on the Tsai-Hill criterion. First-ply
failure constitutes failure in both cases. Strain limitations for
durability and damage tolerance requirements may be imposed on membrane
strains, exclusive of thermal strains, in the skin. An analysis is
included to evaluate the stress state in the interface between the skin and
the bonded or cocured stiffener attached flanges. The Tsai-Hill eriterion
. i3 used to compute that margin.

Stability analyses include 1local and panel buckling computations.
Stiffener local buckling is not allowed. The initial buckling load of the
skin, restrained along its long edges by the stiffener, is computed. If
the skin 1is allowed to buckle, no 1local buckling margin of safety is
computed for the skin but the .initial buckling load 1is nevertheless
required as thé starting point in the determination of the postbuckled
behavior of the skin. Buckling of the panel as a wide column is prevented.
Here the tangent stiffness of the buckled skin is used in computing the
section bending stiffness. Shear flexibility of the section is accounted
for in the buckling analysis. Coupled torsional/flexural buckling of the
stiffeners is likewise prevented. In this analysis the coupled;différ—
ential equations of the stiffener, as restrained by the membrane and
bending stress resultants in the buckled skin at the skin/stiffener
intersection, are used to form the eigenvalue problem. Buckling loads for

a number of wavelengths are determined.
SIZING

Panel sizing begins with the definition by the user of which para-

meters of the panel are to be design variables and which parameters are to

remain fixed or be linked linearly to other design variables. The design



variables may include stiffener element widths, stiffener spacing, and up
to 20 lamina thicknesses. Panel length may also be chosen as a design
variable although it is normally fixed. Upper and lower bounds may be set
for all design variables. |

The optimizer (CONMIN) uses a nonlinear mathematical programming tech-
nique that assumes all design variables are continuous. Since lamina
thicknesses can actually only be provided in integer multipleé of available
ply thicknesses, two sizing cycles are normally required when lamina thick-
nesses are design variables. In the first cycle, all design variables are
allowed to seek their optimum values. The lamina thicknesses are then
rounded up or down to practical values by the user. In the second cyecle,
only stiffener element widths and/or spacing are allowed to vary. The
design produced in this way, while not guaranteed to be a global optimum,
should be close enough to optimum for most practical purposes.

A 1ist of the design requirements that can be specified and their
associated mode numbers are given in Figure 3. Failure to meet require-
ments such as material strength and stiffener torsional stability imply
structural failure. Failure to meet other requirements such as panel
stiffnesses, skin buckling or skin layup design constraints do not hneces-
sarily imply a structural failure. However, in all cases each mode has an

associated margin of safety that is computed by

MS = ALLOWABLE VALUE
ACTUAL VALUE

or,

MS = ACTUAL VALUE -1

MIN., REQUIRED VALUE

During sizing, all margins of safety are formulated as constraint
functions whose values must remain between user-specified bounds. Normally
all margins of safety are required to be positive, or greater than some

minimum value, and have no upper limit.



rffu%%in DESIGN REQUIREMENT
1 MINIMUM PANEL SHEAR STIFFNESS
2 MINIMUM PANEL LONGITUDINAL STIFENESS )
3 SKIN STRENGTH
4 SKIN DURABILITY AND DAMAGE TOLERANCE STRAIN LIMITATIONS
5 LEFT FREE FLANGE STRENGTH
6 RIGHT FREE FLANGE STRENGTH
7 STIFFENER WEB STRENGTH
8 STIFFENER LOCAL BUCKLING
9 SKIN LOCAL BUCKLING
10 STIFFENER ROLLING
1 STIFFENER TORSIONAL/FLEXURAL BUCKLING
12 WIDE COLUMN (EULER) BUCKLING
13 SKIN/STIFFENER INTERFACE STRESSES
14 MINIMUM LONGITUDINAL MATERIAL IN SKIN
15 MINIMUM INTERMEDIATE MATERIAL IN SKIN
16 MINIMUM TRANSVERSE MATERIAL IN SKIN

Figure 3. Design Requirements and Mode Numbers



PROGRAM OPERATION

A flow chart of the basic operations in POSTOP is shown in Figure 4,
The program is composed of three major routines: COPES, CONMIN and ANALIZ,
COPES serves as the main program. It reads sizing data and calls ANALiZ to
read analysis data. Data is output as specified by the user. COPES calls
ANALIZ to compute margins of safety and objective function valhes. If only
a single analysis is specified, the results are output and control returns
to the user. If sizing is desired, COPES formulates the margins of safety
in proper constraint form and calls CONMIN to calculate gradients to the
constraints and objective function. CONMIN does this by calling ANALIZ for
designs in which all variables are slightly changed one at a time. Based
on this information, CONMIN determines an improved design. ANALIZ is
called again and convergence of the optimization procedure is checked. The
sizing process continues until convergence to an optimum design is achieved
or the maximum number of cycles is exceeded. Results are output and
control returns to the user. The COPES/CONMIN programs are described in
detail in References 2 and 3. The routines composing ANALIZ are described

in Reference 1.

USE OF PROGRAM

POSTOP can be used to perform an analysis of a specific panel or to
size an opﬁimum panel starting from an initial design. The COPES program
has capabilities beyond the single analysis or sizing options used in
POSTOP. These capabilities include sensitivity analysis, two-variable
function space analysis, optimum sensitivity analysis, and optimization
using approximation techniques. The routines required to perform these
additional options are available in the POSTOP system., However, use of
POSTOP in only the analysis or optimization modes 1is described here.
Reference 2 describes the additional input required and the application of
the additional options in COPES.

The input required to operate POSTOP may be divided into two major
sections: sizing data and analysis data. Each data set consists of a
sequence of logical free-form input records. Normally each record is a

line of data or a data card, although it is possible to place multiple,
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Figure 4, Flow Chart of POSTOP Program Operation




brief records on a‘single’ line or card. General deseriptions of the input.
records’and their seguence are shown in Figures 5 and 6 for the sizing and
analysis’ data respectively: Eaeh input record is reféerred' to'by a number
ranging: from S1 to S12 for the sizing data and' from A1 to A18 for the
analysis data.

Input record S1 contains the case title defined by any Hollerith text.
Record S12 defines’ the end of the sizing data’ and contains only the word
SIZ. Record A18 defines the end of all data and contains only the  word
END. Each of the’ other input r;tords containsg’ a’ number of numerical data
fields followed by optional comments which are ignored by the program:.
Numerical data may be integer data or floating point.

The field width for integer data cannot exceed 5 characters, not
counting leading blanks or field delimiters. Floating point' data: must.
contain a decimal point and may contain a sign and/or a’ FORTRAN “E" type:
eiponent. The total field width may not exceed 10 charaecters: including: the
‘decimal point, sign and exponent, but not counting leading blanks® or’ field®
delimiters. Variable names starting with I, J, K, L, M, or N require
intéger data and all other variables require floating point' data.

A numerical data field may begin with any number of blanks. (leading:
blanks) and is terminated by either column 72 of a card or line, or with’

one of the following delimiters:

blank
. comma
slash

dollar sign

Blanks are ignored everywhere except when they occur between two
numerical data fields. In this case the first field is terminated by the
blank. Therefore input nuhbers must never contain embedded blanks:, A
blank card or 1line is not ignored but rather produces a single logical
record.

A comma is commonly used to terminate a data field when the logical
record contains multiple inputs. A comma after the last data field on a
card or line indicates that the record continues with the next card or
line. Otherwise thé record is terminated when the end of data on a card or
line is reached. Successive commas may be used to generate zero values of

integer variables in an input list. The following records are equivalent:

10



REPEAT
HNCONS
TIMES

(5121 END CF SIZING DATA
((511: CONSTRAINT SET BCUNDS

(SIO: COHSTRAINT SET IDENTIFICATION

(591 NUMBER Of CONSIRAINT SETS

(81 DESIGN VARIABLE IDENTIFICATION

(57: DESIGN VARIABLE BOUNDS

(S6: BASIC CPTIMIZATION INFCRMATION
(/551 OPTIIZATION CONIROL FLOATING POINT PARAM , {LINE 2
(/S4; OPTIMIZATION CONIROL FLOATING POINT PARAM, (LINE 1
(531 OPTIMIZATION CONTROL INTEGER PARAMETRICS
(52: PROGRAM CONTROL PARAME TERS
i (S1: CASE TITLE

.

Figure 5. Sizing Data Setup

®
PEPEAT
P QADS
TIMES
| ( Al8: END OF DATA
] AV7: SKIN LAYUP DESIGH CONSIRAINIS
REPEAT (516 DESIGN SIRAIN LIMITATIONS
NMAT  M5: STIFFNESS REQUIREMENTS
TIMES ( Al4: MATERIAL SPECIFICATION
| ((A13: LOADS AND ECCENTRICITIES
PEPEAT
rISUES 1 A12: ADDITIONAL ANALYSIS CONTROL DATA
TIMES (AIT: MATERIAL ALLOWABLES

(A10: MATERIAL PROPERTIES
REPEAT FOR EACH

T1/A5: MATERIAL CODE NUMBER
:‘I(l)f?EZbEg(R)EtEMENI 7 78: TLY ORIENTATIONS
AND SKIN (A7 PLY THICKMESS
7 P61 NUMBER OF PLIES
/751 NUMBER OF LAMINAIE SUBSETS 1O BE DEFINED
(71 PLATE ELEMENT SUBSET IDENTIFICATION NUMBERS
(“A31 PLATE ELEMENT SYMMEIRY AND REPEAT INDICATOR
((A2: GECMETRY
( Al: AMALYSIS CONTROL DATA

Figure 6. Analysis Data Setup
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(a) 3004, 50
(b) 3, 0, 0, H., 50
{e) 3,., 4., 50
(&> 3, 0, O,
4.,
50

_ A slash may be used to terminate a. logical record. Any data field
following a slash begins a new record. Thus, several records may be placed
on a. single card or line if the records are separated by slashes. A slash
following a comma prevents continuation and terminates; the record.

A dollar sign signals the end of data on a card or line and the spagce:
following the dollar sign may be used for comments. A dollar sign directly:
following a data field or data field: and blanks signifies the end of the
logical record. A& dollar sign following a comma or a comma. and: blanks
allows continuatioa of the logical record on the next card or line.

"Comment cards or lines may be inserted in the data set at any location
after the case title on the first card or line. Comment cards are signi-
fied; by a "C"™ in column 1.

The main transfer of input and computed data between COPES and  ANALIZ
occurs through the common block denoted GLOBCM. The locations in GLOBCM
and the corresponding parameters. in ANALIZ are listed in Figure 7. The,
margins of safety are defined in Figure 3. The stiffener dimensions are
defined. in Figure 2. XL is the panel length. The TPLY (I) are lamina

thicknesses., Weight is the panel weight per unit plan area.

GLOBCM. | : | s
LOCATION. | 1-te | 21 | 22 | 23 | 24 R it !

_ e BRI
ANALIZ Margins|. 1GHT]
B ARAMETER: 1-16 | W) | W@ | w@) | W4 AL fo WE f

FARAMHER | | ) _TRLYEO) |

Figure 7. Locations of Analysis Parameters in GLOBCM .,
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Detailed descriptions of the input quantities required for each logi-
cal record in the sizing and analysis data are given in the following
sections. Explanatory comments on selected records are given in a sub-

sequent section.
SIZING DATA -

Input records numbered from S1 to S12 specify data required for panel
sizing. If only a single analysis of a particular panel is desired,

records S3 through S11 are optional. A list of the twelve sizing records

and definitions of the input parameters of each record are given below.

S1 - Case Title

Parameter Description

TITLE Any Hollerith text up to 72 characters

32 ~ Program Control Parameters

Parameter Description

NCALC 1 - Single analysis only (may omit other items except S512)

2 - Optimize
NDV Number of independent design variables.
IPNPUT 1 - Sizing data and title page printed.

2 - Sizing data and title page not printed

S3 ~ Optimization Control Integer Parameters

Parameter Description

IPRINT 0 - No print during optimization.
1 - Print initial and final optimization information.
2 ~ Print above plus objective function and design vari-
ables at each iteration.

13



ITMAX

ICNDIR

NSCAL

ITRM

LINOBJ

NACMX1

3 - Print above plus constraints, direction vector .and
move parameters,

4 -~ Print above plus gradient information.

5 = Print above plus one-dimensional search information.

Maximum number of optimization iterations. Default = 20

Conjugate direction restart parameter, Set = NPV + 1 but
< 10,

Number of iterations allowed between design variable
scaling. Set = NDV + 1

Number of consecutive iterations which must satisfy
termination criterion, Default = 3

Set = 0

One plus maximum number of active constraints anticipated.
Set > 10

sy - Optimization Control Floating Point Parameters (Line 1)

S5 -

Relative change in design variables in calculating finite
difference gradients. Default = 0.01

Minimum absolute change in design variables in calculating
finite difference gradients. Default = 0.00001,

Optimization Control Floating Point Parameter (Line 2)

86 -

Minimum relative change in objective function to indicate
convergence, Default = 0.001

Minimum absolute change in objective function to indicate
convergence. Default = 0.00001 times initial objective

NDV + number of linked variables.

Parameter Descriptien
FDCH
FDCHM
Parameter Description
DELFUN
DABFUN

function.
Basic Optimization Information
Parameter Description
NDYTOT
I0BJ

Objective function 1location in common block GLOBCM.
Set = 51 for minimum-weight.

14



SGNOPT Set = +1.0 for maximization. Set = -1.0 for minimization.

S7 ~ Design Variable Bounds
Input lower and upper bounds, one line for each of the NDV independent
design variables, in the following order: W(1), W(2), W(3), W(4), H,
BS, XL, TPLY (1),...TPLY(20).
Parameter Description
VLB Lower bound, Set > 0.0
. H
VuB Upper bound, Set = 1.E16 if no upper bound.
S8 - Design Variable Identification
Input one line for each of the NDVTOT design variables.
Parameter Description
NDSGN Number from 1 to NDV which names independent design varia
ble or defines independent variables to which linked
variable is attached.
IDSGN Location in the common block GLOBCM of each of the NDVTOT
design variables.
AMULT Constant multiplier on this design variable. The value of
the variable will be the value of the design variable,
NDSGN, times AMULT. Default = 1.0.
S9 -~ Number of Constraint Sets
Two or more adjacent parameters in the common block GLOBCM with the
same bounds form a constraint set.
Parameter Description
NCONS Number of constraint sets.
S10* -~ Constraint Set Identification

Parameter Description

ICON : First position in GLOBCM corresponding to constraint set.
JCON Last position in GLOBCM corresponding to constraint set.
KCON 0 - Nonlinear constraint set.

1 - Linear constraint set.

15



ST1# = Constraint Set Bounds

Parameter Description

BL Lower bound on constraint set.
BU Upper bound on constraint set. Set = +1.0E16 if no upper
bound .

#Repeat the set S10 and S11 for each of NCONS constraint sets.

$12 - End of Sizing Data

Parameter Description

S1z Input the word SIZ beginning in columim T.

ANALYSIS DATA

Input records numbered from AT to A18 Specify the data regquired to

analyze a particular panel. This data also defines the panel design that
serves as a starting point for the sizing process. Included iR these
records are¢ data specifying the panel geometry, laminate designs, material
parameters, loading conditions, design réquiréments, and analysis controls.
A list of thHe 18 analysis records and definitions of the input parameters

of each record are given below.

A1 -~ Analysis Contro) Data

Parameter Description

IWRITE 0 = Minimum analysis$ printout. Use during optimization.
1 = Maximum analysis printout. Do not use during optimi-
zation,
NLOADS Number of lcad cases. Maximum = 5
NMAT Number of materials to be defined. Maximum = 10
NSTMX Maximum number of stifferers per transverse buckle full

wavelength in torsional/fléxural riéde. Default = 2

16



NITER Number of iterations to be used in determining stiffener
local buckling load. Default = 12

NMAX Maximum number of half-waves to be checked in stiffener
local buckling calculations.
Default = 2 ® XL/(skin initial buckling wavelength) for

blade,
= 2 * XL/W(5) for stiffener with free flange.
z
A2 - Geometry 1
Parameter Description wm wa
W(1) Left free flange width.
H¥« Ya. C=CENTROID
W(2) Right free flange width. i Oi $ = SHEAR CENTER
]
W(3) Left attached flange width. T Tz,
H Ww(5) |
W) Right attached flange width. ¢
H Stiffener height. 2y
BS Stiffener spacing. 1. ¢ ! . L_h.___
XL Panel length. —’ w(3) Ww(4) Y
‘ ' 8S 8s
—-J\r l\,__.

A3* . Plate Element Symmetry and Repeat Indicator

Parameter Description

NSYM 0 - No Symmetry.
1 - Element lay-up is symmetrical with respect to middle
surface. Only lower half of element is specified.

NLS Number of subset identifications to be read on next line.
Maximum = 30
NREP Number of times NLS subsets are to be repeated.

A4* _ Plate Element Subset Identification Numbers

Parameter Description

LS NLS subset identifications starting at lower surface of
element. A negative sign in front of the subset identi-
fication number indicates that ply orientations are to be
read in reversed order.

*Repeat the set A3 and A4 for each nonzero plate element in the order:
W(1), W(2), W(3), W(4), web, skin.

17



A5 - Number of Laminate Subsets to be Defined

Laminate subsets are defined to simmplify and avoid duplication of
input. Each subset may have up to 10 plies. The material code number
and ply thickress must be the samé for all plies in the subset.

Parameter Description

NSUBS Number of sSubsets to be defined. Maximum number = 20.

A6* - Number of Plies

Parameter Description

NPLY Number of plies in subset. Maximum number = 10.

AT® - Ply Thickness

Parameter Description

TPLY Thickness of each ply in subset.

A8% - Ply Orientations

Parameter  Description

THETA Orientations relative to stiffener direction (degrees)
=90 < 8 < 90; NPLY values

#Repeat the set A6, A7, and A8 for each of the NSUBS subsets.

AQ#%® . Material Code Number

Parameter Description

MAT 1 - Isotropic materials
2 -~ Orthotropic (2-D)

A10%% - Material Properties

If MAT = 1, read in isotropic properties (5 wvalues) in sequence

Parameter Description

E Elastic modulus

G -Shear modulus

ANU Poisson's ratio

ALPHA Coefficient of thermal expansion
RHO Density

18



If MAT = 2, read in 2-D orthotropic properties (7 values)

Parameter Description

E1 Elastic modulus (fiber direction)

E22 Elastic modulus (transverse direction)

G12 Shear modulus (in-plane)

ANU121 Major Poisson's ratio ,

ALPHA1 Coefficient of thermal expansion (fiber direction)
ALPHA2 Coefficient of thermal expansion (transverse direction)
RHO Density

A11%% _ Material Allowables

If MAT = 1, read in isotropic material allowables (6 values; 3 strains and
3 stresses) in sequence (all values positive).

Parameter Description

ET Tensile strain

€C Compressive strain
Y Shear strain

0} Tensile stress

OE Compressive stress

T Shear stress

If MAT = 2, read in orthotropic material allowables (10 values; 5 strains
and 5 stresses) in sequence (all values positive).

Parameter Description

€0t Tensile strain (fiber direction)

€1C Compressive strain (transverse direction)
€2T Tensile strain (fiber direction)

620 Compressive strain (transverse direction)
0% Shear strain (in-plane)

19



(%]

T A8 9
Q&

Tensile stress (fiber direction)
Compressive stresss (transverse direction)
Tensile stress (fiber direction)
Compressive stress (transverse direction)

Shear stress (in-plane)’

##Repeat the set A9, 410, A11 for each of the NMAT materials.

A12¥% -~ Additional Analysis Control Data

AT3*

Parameter Description
MOPT 1 =« Maximum strain criterion used for skin and stiffener
strength
2 =~ Tsai-Hill criterion used for skin and stiffener
strength
ICLAMP 0 - Panel ends simply supported
1 -~ Panel ends clamped for calculation of moment due to
pressure only
NOBUCK. 0 -~ Skin is allowed to buckle
1 - Skin is not allowed to buckle
ISEP 0 - Skin/stiffener interface stress analysis not performed
1 - Skin/stiffener interface stress analysis performed
NPX Number of longitudinal locations per quarter-wavelength at
which interface stresses are calculated. Default = 2.
NPY Number of transverse locations starting at the web,
across one attached flange width, W(3) or W(#), at which
interface stresses are calculated. Default = 2. Maximum
= 21,
NSEP Number of transverse shape functions used in interface

stress analysis. Default = 10. Maximum = 20.

- Loads and Eccentricties

Parameter Description

XN(1) Axial load per unit width (tension positive).

m(2) Transverse load per unit width (tension positive).

XN(3) Shear load per unit width.

PRESS Normal pressure (internal positive).

DELT Temperature change from unstressed state (temperature rise

positive).

mn



DEL Eatio of initial bow to panel length (program checks
-DEL).

DELNX Eccentricity of axial load measured positive from outer
surface of skin. Default = load at centroid.

A14*%* _ Material Specification
Parameter Description
MATNO Material number from the material 1list to be used for each
laminate subset. Read NSUBS values,
A15% . Stiffness Requirements
Parameter Description
GTREQ Required skin shear stiffness per unit width.
ETREQ Required panel extensional stiffness per unit width.
A16* - Design Strain Limitations

Input positive values. Use limit allowables with limit loads. Use
ultimate allowables with ultimate loads, Zero values default to
material allowable strains. :

Parameter Description

STRLIM(1) Fiber directidn tesnion membrane strain allowable in skin.

STRLIM(2) Fiber direction compression membrane strain allowable in
skin.

STRLIM(3) Transverse direction tension membrane strain allowable in
skin.

STRLIM(4) Transverse direction compression membrane strain allowable
in skin.

¥Repeat the set A12 through A16 for each of the NLOADS load cases.

A17 - Skin Layup Design Constraints

LONGITUDINAL -

ZONE 1

Mlnimum propohtlons of skin mater- INTERMEDIATE -
ial oriented in three 2zones shown ZONE 2

at right may be specified. The
angle O, THETAA, is commonly zero
but may be any small angle.

Parameter Description

TRANSVERSE -
THETAA Small positive angle — ZONE 3
(degrees) defining lon-
gitudinal and transverse

zones.,
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SKRAT(1) Minimum proportion of skin material required to be orient-
ed between - THETAA from the longitudinal direction (Zone
1)‘

SKRAT(2) Minimum proportion of skin material required to have
orientations between longitudinal and transverse zones
(Zone 2).

SKRAT(3) Minimum progortion of skin material required to be orient-
ed between - THETAA from the transverse direction (Zone
3).

A18 -~ End of Data !

Parameter Description

END Input the word END starting in column 1.

COMMENTS ON SELECTED INPUT DATA

The input data required for panel 3sizing and analysis have been
defined in summary form in the preceding sections. The input records that
require further attention are discussed below.

Record S2 ~ The computational cost of sizing a panel is a strong
function of the number of independent design variables, NDV, used in the
sizing procedure. The optimization procedure computes gradients to the
constraints (margins of safety) and the objective function (weight) at the
start of each optimization iteration to determine how to improve the
design. Since these gradients are finite difference gradients, one com-
plete analysis is required for each of the NDV design variables at each
iteration. If ten iterations are required to reach an optimum design and
NDV = 8, 80 analyses are required just to obtain gradient information.
Additional analyses are required in each iteration cycle to locate the
optimum for that cycle. Although the analysis procedures are computa-
tionally efficient, computational expense can be significant if a large
number of analyses are required. Therefore, a variable should he defined
as a design variable only if it is_critical to the optimization process.
One or more variables may be linked at practical proportions to a single
design variable (see Record S8). In this way a practical design is ob-
tained and NDV remains small. If experience suggests to the user that a

certain variable ~would 1likely reach a practical upper or lower bound
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during optimization, that variable should be fixed at the bound rather than
be defined as a design variable., Here again NDV will be kept small at né
penalty to the sizing process.

Further computational economy can be achieved by minimizing the number
of optimization iterations required to reach an optimum. This can be done
by starting the sizing process from a reasonable design. The starting
design should have reasonable proportions and critical margins of safety
which do not greatly exceed their defined lower bounds. Single analySes.
should be performed to obtain a reasonable design before starting the
sizing process. If either a greatly over designed or a highly infeasible
cross-section is chosen as a starting design, an optimum will eventually be
reached but perhaps only after a large number of iterations.

Record S3 - The input parameter IPRINT controls the amount of output
during optimization. It should normally be set equal to 2 during sizing.
"This will give thé user useful information on intermediate designs obtained
before the final design is reached. More or less output may be obtained by
increasing or decreasing IPRINT. The other parameters in this and subse-

quent items that have default values should be allowed to assume  these

values unless noted.

Records S9 — S11 - The parameters in these input records define the
constraint set or sets. If all margins of safety have the same bounds,
only one constraint set needs to be defined, In this case NCONS = 1,
ICON = 1, JCON = 16, KCON = 0. If, for example, the margin of safety in
Mode 12 is required to have a lower bound of 0.1 and all other margins of
safety are simply required to be positive, three constraint sets would be

required (NCONS = 3). Records S10 and S11 would be repeated three times as
follows:

S510: 1 11 0
S11: 0. 1.E16
S10: 12 12 0
S11: 0.1 0.1
S10: 13 16 0
S11: 0. 1.E16
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Record A1 - The input parameter IWRITE controls the amount of output
during an‘analysis. When IWRITE = 1, a large amount of output is obtained
as described in the following section. When IWRITE = 0, only the input
data and a margin of safety summary are printed. The user must always set
TWRITE = O during sizing to avoid an extremely large amount of output. It
is suggested that a single analysis be performed with IWRITE = 1 after a
successful sizing to produce a complete listing of the computed analysis
results.

- The parameter NSTMX defines the maximum number of stiffeners partici-
pating in one full transverse buckle wavelength in the torsiomal/flexural
analysis. The transverse mode shape is shown below in Figure 8. Expeéienge
has shown that two stiffeners per wavelength is normally sufficient to
include the critical torsional/flexural mode and this number is suggested
for use during sizing. Larger values may be checked during single analyses
if desired. |

™ )
k™ sTirFeNER k)™ sTiFFENER

1 1 1

——l L bk b
b SR S S SO S
st

Figure 8. Transverse Mode Shape for Torsional /Flexural
Buckling Analysis

The parameter NITER defines the number of iterations used in deter-
mining the stiffener local buckling load. A simple step halving procedure
is used to find the critical buckling load factor, The accuracy of the
load factor is (.5)VITER. e gdefault value (NITER = 12) yields an
accuracy of 0,02 percent. A smaller value of NITER may be sufficient
during sizing.

The parameter NMAX specifies the number of wavelengths considered in

the stiffener local buckling analysis. The default values are normally
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sufficient. Should these values not be large enough, a message will be
returned (when IWRITE = 1 only) suggesting that NMAX be increased over the
default or the previously input value.

Record A2 - The geometry of the panel is defined in this item. The
stiffener height, H, i3 the total distance measured from the inner surface
of thé skin to the far surface of the free flange as shown in Figure 2.
The flange widths are measured to the web centerline regardless of whether
one or two flanges are present at either flange/web junction.

Records A3 — A8 - The configuration of eéch of' the stiffener elements

and the skin are specified in these items in terms of the laminate subsets.
In thick laminates, a given stacking sequence is often repeated several
times, either directly or in reversed order. Laminate subsets are defined
in order to conserve storage and to reduce the amount of input data

required. For example, in the 20-ply laminate

[:;30/02/902/02/+30]S
the 5-ply subset
[+30/0,/90]

ocecurs four times, twice in the specified sequence and twice in revebsed
sequence .

Up to 20 distinct laminate subsets (NSUBS) may be defined. Each
subset may have a maximum of 10 plies or layers, which must all have the
same thickness and basic material properties. Subsets are to be defined
sequentially 1, 2, ..., L, ...,NSUBS by specifying the number of plies.
NPLY, the ply thickness, TPLY, and the orientations, THETA, of each ply in
the subset. ’

To illustrate the concept of laminate subsets, consider the J-stiffen-
ed panel shown in Figure 9. The available ply thickness is assumed to be
0.005 in. Three subsets are defined. The first subset consists of 3 plies
having orientations of +45°, —450, and 0°. The second subset has two plies
at 0° and is treated as one layer with a thickness of 0.01 in., The third
subset combines 10 plies into one layer with thickness of 0.05 in. and an

orientation of O°.
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SUBSET | 1 2] 3
NPLY 3] 1 1

[ 0 ]20 AR YR SAS

E:t45/034s TPLY ,005 [.010/.050
THETA | +45.) 0.] O.

-45,

0.

i
.

¢ , ,
L raa50,/7451 5

Figure 9, J=Stiffened Panel and Laminate Subsefs

The configuration of each nonzero stiffener element and the skin is
defined by specifying the quantities NSYM, NLS, and NREP, followed by NLS3
subset identification numbers. The latter are listed in sequernce,
beginning at the lower surface of the laminate. To indicate that the ply
orientations within a subset are to be read in reversed order, the subset
identification number is input with a negative sign., For laminates which
are symmetrical with respect to their middle surface (NSYM = 1), only the
lower half of the element needs to be specified. When no symmetry exists
(NSYM = 0), all subsets in the laminate must be identified. NLS represents
the number of subsets to be read, whereas NREP is the number of times these
NLS subsets are to be repreated. As an example, in Figure 10 each of the
plate elements in the cross-section of Figure 9 has been defined in two

different ways, the first one being the preferred way.

If a skin/stiffener interface stress analysis is to be performed, an
interface layer must be defined. A separate subset should be used for this
purpose. This subset should be the first one specified in the configura-
tion of the stiffener attached flanges. In this case the symmetry and
repeat parameters, NSYM and NREP, should both be zero.
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ELEMENT | NSYM | NLS | NREP | SUBSET IDENTIFICATIONS (LS)
1 1 5 0 1,1,1,1,3
0 10 0 1,1,1,1,3,-3,-1,-1,-1,-1
3 | 1 3 1
0 8 0 1,1,1,1,-1,-1,-1,-1
4 1 1 3 1
1 4 0 1,1,1,1
Web 1 ] 3 1
1 4 0 1,1,1,1
Skin 1 3 2 1,2,-1
1 9 0 1,2,-1,1,2,-1,1,2,-1

Figure 10, Stiffener Element and Skin Definition

Records A9 -~ A11 - These input records define the materials that are

used in the panel. Up to 10 linear elastic materials may be specified.
Each material is numbered sequentially starting from 1 in the order in
which they are specified. ' |

If load cases corresponding to different design conditions, é.g.
service (or 1limit) and ultimate load cases, are defined, different mate-
rials with properties and allowables appropriate to the particular 1qad
cases should be specified. This situation 1is illustrated in examplés
presented in a following section of this report. ‘

The skin/stiffener interface analysis assumes that the interface layer
is isotropic. The interface material should therefore be specified with
MAT = 1.

Record A12 - Parameters that control the type and details of the
analyses that may vary from one load case to anovther are specified in this
record. These 'parameters, as well as those in records A13 -~ A16 are
repeated sequentially for each of the NLOAD load cases.
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MOPT selects the criterion to be used in the stiffener and skin
strength analyses. It has no effect on the skin/stiffener interface stress
analysis in which the Tsai-Hill criterion is used. :

If a buckled skin is acceptable (NOBUCK = 0), a buckled skin analysis
is performed, skin stiffness reductions are accounted for in the beam-
column analysis, and the antisymmetric skin/stiffener interface stress
analysis is performed if ISEP = 1. If the skin is to be buckling resistant
(NOBUCK = 1), none of the above analyses are performed regardless of
whether the skin buckling margin of safety (Mode 9) is positive or
negative.

If ISEP = 1, a skin/stiffener interface stress analysis is performed
if NOBUCK = 0 and the skin is buckled gr if an internal pressure load is
applied. It is suggested that this analysis not be performed during sizing
unless reliable interface allowable stresses are available.

The parameters NPX and NPY define the number of equally spaced points
in the longitudinal and transverse directions, respectively, at which the
interface stress state is evaluated. If the skin is buckled, NPX is the
number of points in one half the skin buckling half-wavelength. If the
skin is not buckled but internal pressure is presenl, NPX is the number of
points in one half of the panel length. If both buckling and internal
pressure are present, NPX is defined relative to the buckling wavelength
but stresses are computed by superposing the antisymmetric and symmmetric
interface stresses at all points from the panel end up to one half of the
panel length. It is suggested that NPX be set equal to 2. NPY is the
number of points from the stiffener web center-line to the edge of the
flange. NSEP is the number of shape functions used in the interface stress
analysis and should be investigated with respect to convergence of the
solutions for specific cases.

Record A13 - Here the applied loads and eccentricities are specified.
The relapifg magnitudes of the loads must meet the requirements discussed
in an earlier section.

If an ipitial bow eccentricity is specified, both positive and
negative values of bow are checked. However, the skin margins of safety
are computed only for a positive bow since this inward bow results in

increased compression strain in the skin. The axial load ecceptricity,
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DELNX, should be specified only if the panel axial load is applied at a
panel runout at which the centroid does not align with the panel centroid.

Record A14 - The material associated with each subset is defined in
this record. MATNO is a 1list of NSUBS material numbers with values from 1
to NMAT. For example, if five subsets except subset U4 were made of the
first material defined and subset 4 was made of the second material
defined.

Record A16 - The design strain limitations defined in this record
apply to the membrane strains in each ply in the skin only. This is the
last record that is repeated for each of the NLOAD load cases.

Record A17 - Lower bounds may be placed on the proportions of skin
material oriented in three general directions or =zones as shown in the
definition of record A17. In this way the skin laminate may be required to
have specific relative stiffness characteristics. For example, if a skin
that is flexible, or "soft"™, in the longitudinal direction is desired, high
lower bounds on the relative amount of material in the transverse and/or
intermediate directions may be specified. 1In this case the lower bound on
material in the longitudinal directions would be set to zero.

If only 0, +45, and 90-degree orientations are to be used, the angle
THETAA, defining the extent of the longitudinal and transverse zones, may
be set to zero degrees. If +5, +145, iﬁB-degreelorientations are to be
used, THETAA should be set to 5 degrees,

OUTPUT

In the analysis mode, the output is produced by. the routines 1in
ANALIZ. With IWRITE = 0, minimum output is returned from these routines.
This ineludes the input data, the panel weight, a summary of the margins
of safety for all load cases, and the critical margin of safety, the
failure mode, and the associated load case.

When IWRITE = 1, the input data is returned followed by detailed
results from each analysis routine for each load case and for both positive

and negative values of initial bow eccentricity.
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Section properties of the stifféner only, with no attached skin, are
printed. Here the vertical distance from the inner surface of the skin to
the stiffener centroid 1is defined as ZST. Skin and unbuckled panel
stiffnesses are printed (Modes 1 and 2). Buckled skin parameters and
tangent membrane stiffnesses are shown. The buckled panel stiffness and
moments are followed by the results of the skin sStrength analyses (Modes 3
and 4). Tne skin strength is checked at the four corners of a quadrant of
4 half-buckle wave of dimensions BS by A where A is the longitudinal
hal f-wavelength. The four locations where skin strength computations are
made are shown in Figure 11. Both membrane and membrane plus bending
Strains or stresses aré shown for each ply depending on whether the maximum
strain or the Tsai-Hill critérion is used. The strain ratios shown (MOPT =
1) are the values of strain divided by the allowable values for each ply.
The 8tress ratio shown (MOPT = 2) is the effective stress ratio according
to the Tsai-Hill criterion. The critical margins of safety, ply, fiber
orientations, and computed and allowable stresses or strains are shown., If
the skin is not buckled, similar results are printed except strength is
checked at only one point on the panel. Results for Modes 3 and U are
computed only when the initial bow eccentricity is inward since this case

corresponds to increased compression in the skin.

Figure 11. Four Locations where Skin Strength is Evalugted

30



Similar results are printed for the stiffener strength modes. If the
stiffener has free flanges, only Modes 5 and/or 6 are checked. If the
stiffener is a blade, only Mode 7 is checked. Summary results follow for
the buckling analyses, Modes 8 through 12. All of these an?lyses are
pérformed for both inward and outward initial bow eccentricities.

The skin/stiffener interface stress analysis (Mode 13) is performed
only for inward bow eccentricity since this corresponds to a higher degfee
of skin postbuckling. Total stresses at points spaced equally in the
x direction and in the y direction are shown. If the skin is buckled, NPX
points are spaced longitudinally a distance A/ (2*PX) apart starting at
the panel end. If internal pressure is present and the skin is post-
buckled, the same spacing is maintained but the number of points is
increased so that stresses are checked from the panel end to midSpan.' If
internal pressure is present but the skin is not buckled, NPX pointé are
spaced XL/(2¥NPX) apart from the panel end to midspan. If the skin is not
buckled and zero or external pressure is present, no skin/stiffener inter-
face stress analysis is performed. In all cases, NPY points equally spaced
across one attached flange width are defined starting at the stiffener web
centerline. The margin of safety and the critical location are printed
along with the postbuckling and pressure edge moments and shears in the
skin at the edge of the attached flange.

Skin layup design requirements (Modes 14-16) and actual values of the
portions of the skin material oriented in the three zones previously de-
fined are printed. The panel weight and margin of safety summary conclude
the analysis output.

In the sizing mode, sizing input and default data is printed if
IPNPUT = 1. This is followed by the analysis data for the starting design.
If IPRINT = 2, as suggested, the objective function wvalue, the design
variables, and the constraint values will be printed for the initial
design, the intermediate designs and the final design. The constraint
values are related to the margins of safety in each mode for the critical

load case for each mode. This relation is

G = - MS/SCALE

where G is the constraint value, MS is the margin of safety and SCALE is a

scale factor. The scale factor is the smaller of 0.1 and the absolute
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valueé of the lower boutid to the constraint. When a particuldr mode does
riot apply to a certain structure, M5 is seét equal £o 99.0 by thé program.

After convergence to an optimum is achleved, a summary of the design
variables and constraints for the final design is output. The margin of
safety summary for all of the load cages completes the output.

EXAMPLES

As an illustration of the use of POSTOP, a typical analysis/sizing
cycle is shown by mearis of four exatiples. The four exatiples are (1)
Preliminary Analysis, (2) Sizing, (3) Final Sizing, and (4) Final Analysis.

An I-Stiffened, graphite/epoxy panel is té be designed to carry limit
loads of 6000 1lbs/in longitudinal compression and 600 1lbs/inm shear. Mn
initial bow eccentricity of 0.001 times the panel length is assumed. The
panel must be buckling resistant at the limit loads but mfay be loaded in
the postbuckling range at ultimate loads equal to 1.5 times the limit
loads. .

For practical reasons, the stiffener spacing is set at 6 inches and
the attachied flange widths are set at 0.75 inch each. The panel length is
fixed at 20 inches. The panel weight should be minimized. Other
dimensions, naterial properties, material allowables and other design
requirements are shown in the output.

The stiffener is bonded to the skin, A skin/stiffener interface

stress analysis is performed in the final analysis (Example 4).
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EXAMPLE 1 - PRELIMINARY ANALYSIS

The first step in sizing a panel is to obtain a reasonable design with
which to start the optimization process. The following results represent
such a design. The margins of safety are all positive and two are less

than 30 percent. Figure 12 shows the cross-section analyzed. A listing of

the input data is given on the following pages. The output data, shown

subsequently, is typical when the output controls IPNPUT = 2 and
IWRITE = 0.

|l 1.3 |
l [90/-*-45/*45/05 /905]
© S
l .|
-——[90/:’-45/?45/02] 1.6
005" A Yie /T = F s
[:005" ADHESIVE/ 245 /745/0, /745 / -45/90] ,
/ r . Y .,
Z Z
0.75 | 0.75
[145/;45/04/90/04/145/25/04/90 5]5 e 80 N

Figure 12, Initial Design for 1=Stiffened Panel
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LINE

INPUT DATA:

i

NOBER  #+iud e i iR AR AR R RES DATA SREE -

H
2

102

C.....RECORD S12 - END OF SIZING DATA

3

Coeoo RECORD AL - ANALYSIS CONTROL DATA: IWRITE.MLOADS.NMAT

4

C..o..RECORD A2 - GEOMETRY: W(1).W{(2),M(3),W(4),H,BS, 0L

3

C.....REPEAT RECORDS A3 AND A4 FOR EACH NONZERD PLATE ELEMENT
C.....RECORD A3 - PLATE ELEMENT SYMMETRY AND REPEAT INDICATORS:

Siz

023

A 5D T L b 20

; EXAMPLE 1 — I-SECTION PRELIMINARY ANALYSIS

NSYM, LS, NREP

5 15 $ W)
Covos.RECORD A4 - PLATE ELEMENT SUBSET IDENTIFICATION NUMBERS: LS
7 31 -1 24

8 15 $ W2)

9 31 -1 24

10 07 % NI3)

1 51 -16&-113

2 07 $ W4

13 51 -16-113

12 4 $ H, WEB

5 31 -16%

% 110 $ BS, SKIN

17 8 -89 10109 -779 10

Cos». RECORD AD - NUMBER OF LAMINATE SUBSETS TO BE DEFINED: NSUBS

18

C-----mT m!}s M1A7 mn Aa WBS TDES

10

5 SUBSET m’- l

C.....RECORD A8 - PLY ORIENTATIONS: THETA

12 2

20 .05
21 45, -45,
2 1

V< SN 7
2% 0.

A 1

2% 008
27 %‘

B 1

2% 0025
»H N

;S 3

7 05
B o0
.

¥ .010
b 0.

$ SUBSET NO.

$ SUBSET NO.

% SUBSET NO.

$ SUBSET NO.

$ SUBSET MO,

2
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INPUT DATAT  PAGE 2

LINE

NUMBER  #S#H¥#34HHHEEHHHHHHHHEE DATA #HEEEHHH I HHEHHHHHH )
7 2 . $ SUBSET N0, 7

B .05 )
M 45, -5

0 2 $ SUBSET NO. 8

M .005 :

82 45, -85,

31 $ SUBSET NO. 9

Mo ,020

50,

% 1 $ SUBSET N0, 10

a7 .0025

18 %,

C.....REPEAT RECORDS A9,A10 AND A1l NMAT TIMES
C.....RECORD A9: MATERIAL CODE NUMBER: MAT
4 2 $ MATERIAL NO. 1 (ORTHOTROPIC)
C.....RECORD A10 - MATERIAL PROPERTIES: E’S,G,NU,ALPHA‘S,RHO
0 1858 .1464E7 .B70E6 .300 .240E-6 .162E-4 .07
C.....RECORD A11 ~ MATERIAL ALLOWABLES: STRAINS: 0T,0C.90T,%0C,S
STRESSES: 0T.0C,90T,90C,S
.6338-2 .670E-2 .500E-2 .100E-1 .133-1,
JA33E6 L124E6 .BA0E4 L 164ED . 11GES
2 ' $ MATERIAL NO. 2 {ORTHOROPIC)
JAB3E8 .164E7 .870ES (300 .240E-6 .16ZE-4 .057
.980E-2 .1005E-1 .790E-2 .150E-1 .200-1,
20086 . 186E6 L126ES .286E5 .174EL
! $ MATERIAL NO. 3 (ISOTROPIC)
J2805E6 L 9A3ED L300 . 1AE-4 050
0237 122 0954 4300, 30000, 9000. ‘
C.....REFEAT RECORDS A12,A13,A14.A15 AND A16 NLOADS TIMES
C.....RECORD A12 - ADDITIONAL ANALYSIS CONTROL DATA: MOPT, ICLAMP,NOBUCK
6 1 00 $ LOAD CASE NO. 1 (ULTIMATE LOAD)
Coovo .RECORD A13 -~ LOADS AND ECCENTRICITIES: XN1,XN2,XN3,PRESS,DELT,DEL,DELNX
61 %000, 0. %00. 0. 0. .001 O,
C.....RECORD A14 - MATERIAL SPECIFICATION: MATNO
62 2222322222
Cieus RECORD ALS - STIFFNESS REQUIREMENTS: GTREQ,ETREQ
63 .3E6 1.3RG
Covo. RECORD A16 - DESIGN STRAIN LIMITATIONS: 0T,0C,90T,%0C
4 L0045 .0040 .0045 .0040
8 1t 01 $ LOAD CASE NO. 2 (LIMIT LOAD)
66 ~46000. 0. 600. 0. 0. .001 0.
7 t 111311111
68 &6 1.5ES
69 .0030 ,0027 .0030 .0027
C...o SKIN LAYUP DESIGN CONSTRAINTS: THETAA,SKRAT(1),SKRAT(2),SKRAT(3)
70 0.0 0.2 0.3 0.05
C.....RECORD A18 - END OF DATA
1 END

QLILALGL L _
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Output for Example 1.

I EEEEEEEEEEEEEEEEEEEEE RS R EEEEEEEEE RN R
HEHE EXAMPLE | — I-SECTION' PRELIMINARY MYS‘IS HiE
lil‘*liiii"l}liilllil!llii{‘!-lii‘*flli'ii‘lli
I EEEERESERER
82 :POSTOPR 4
I EEEREREEREEREREN]

# & & & POSTBUCKLED OPEN-STIFFENED OPTIMUM PANELS # £ % #
ANALYSIS AND SIZING OF COMPOSITE PANELS WITH OPEN-SECTION
STIFFENERS SUBJECTED TO GEMERAL INPLANE LOADS AND UNIFORM
PRESSURE, PANELS MAY BE LOADED IN THE POSTBUCKLING RANGE.

# # & % LOCKHEED GEORGIA COMPANY # # % JUNE 1983 # # * &

IWRITE = ¢ NLOADS =2 NMAT =3 NSTMX =2 NITER =12 NMAK =0

FLANGE WIDTHS: W= 650 W2 = 450 W3 = .730 W= 750

STIFFEMER HEIGHT = 1,500  STIFFENER SPACING = 6.000  PANEL LENGTH = 20.00

ELEMENT LAMINATE CONFIGURATIONS:

FLANGE 1  NSYM=1 MLSS=3 NREP=0 SUBSETS: 3 1-1 2 4

FLANGE 2 NSYM=1 NLSS=35 NREP=0 SUBSETS: 3 1 -1 2 4

FLANGE 3 NSYM=0 NLSS=7 NREP=0 GUBSETS: 5 1-1 &6-1 1 3

FLANGE 4 NSYM=0 MLSS=7 NREP=0 SUBSETS: 5 1 -1 6-1 1 3

WEB NSYM= 1 MSS=4 NREP=0 GUBSETS: 3 I -1 &

SKIN NSYM= 1  MNLSS=10 NREP=0 SUBSETS: 8-8 91010 9-7 7
910

THE FOLLCWING LAMINATE SUBSETS ARE DEFINED:

1 2PLIES PLY THICKNESS= .00500  ORIENTATIONS: 45 -45
2 1R PLY THICKMESS= .07500  ORIENTATION.: O
3 1Py PLY THICKNESS= .00500  ORIENTATION : 90
4§ 1 PLY PLY THICKNESS= .00250  ORIENTATION ¢ 90.
5 §PLY PLY THICKNESS= .00500  ORIENTATION : 0
& 1Py PLY THICKNESS= .01000  ORIENTATION : O
7  2PLIES PLY THICKNESS= .00500  ORIENTATIONS: 45 -45
8 2 PLIES PLY THICKNESS= .00500  ORIENTATIONS: 45 -45
9 1 PLY  PLY THICKNESS= .02000  ORIENTATION.: 0
100 1 PLY  PLY THICKNESS= .00250  CRIENTATION : 90
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THE FOLLOWING WATERIALS ARE SPECIFIED:

MATERIAL NO. 1

Eil= ,185+08
E22= (164407
E33= . 164407

ALLOWABLE STRAIN AND STRESS VALUES:

0-DEGREE
TENSION

STRAIN
STRESS

.653-02
133+06

MATERIAL NO. 2
Ell= .185+(08

E22= 164407
E33= . 164407

ALLOWABLE STRAIN AND STRESS VALUES:

0-DEGREE
TENSION

STRAIN
STRESS

«980~02
« 200406

MATERIAL NO. 3
Ell= . 245406

E22= . 245+06
E3F= . 24506

ALLOWABLE STRAIN AND STRESS VALUES:

0-DECREE
TENSION

STRAIN  .257-01

STRESS  .630+04

CoDE = 2

Gi2= .870+06
G13= .870+06
623= .870+06

m = 0570-01

NU12= ,300+00
NUL3= . 300+00
NU23= . 300+00

ALPHAL= .240-06
ALPHAZ= .162-04
ALPHA3= . 162-04

O-DEGREE  90-DEGREE  90-DEGREE

COMPRESS.

«670-02
«124+06

COE = 2
G12= .870+04

G13= .870+06
(23= .870+04

0~DEGREE
COMPRESS.

.101-01
. 1%%

CoE = 1
Gi2= , 943405

G13= 943405
623= .943+05

0-DEGREE
COMPRESS.

122400
« 300+05

37

TENSION COMPRESS. SHEAR
«500-02 «100-01 .133-01
.840+04 « 164405 - 116406
FHO = .570-01

NU12= . 300+00 ALPHAL= .240-06
NU13= .300+00 ALPHAZ= .162-04
NIZ3= 300400 ALPHA3= ,162-04
90-[EGREE 90~DEGREE

TENSION COMPRESS. SHEAR
79002 «130-01 +200-01
126405 . 286405 174406
RHO = .500-01

NUi2= 300400 ALPHAL= .144-04
NU13= 200400 ALPHAZ= , 1844-04
NU23= . 300+00 ALPHA3= . 144-04
90-[EGREE 90~DEGREE

TENSION COMPRESS. SHEAR
.257-01 122400 «794-01



EEEREREARERRARRR D

% & & L0AD CASE MMBER | % % &
 EE R R EE R R SRR R R

1 ILAP=0  NOBUCK =0
0 WX =0 NY =0 NEP =0

APPLIED LOADS (FORCE/UNIT NIDTH): NK = -9000, NY= 0. MY = 960
PRESSURE = .00 TENPERATLRE DIFF. = O,
INITIAL ECCEN./LENGTH = .0010  AXIAL LOAD ECCEN, = .0000

SUBSET MATERIAL SPECIFICATION:

SUBSET
SUBSET
SUBSET
SUBSET
SUBSET
SUBSET

MATERIAL N0, 2
MWATERIAL N0, 2
MATERIAL N0, 2
MATERIAL NO. 2
MATERIAL MO, 3
MATERIAL MO, 2
MATERIAL NO. 2
MATERIAL N0, 2
MATERIAL NO. 2
MATERIAL NO. 2

O O 00 N OB PN

%

REQUIRED SHEAR STIFFMESS, GTREQ s .3000+06
REQUIRED AXIAL STIFFNESS, ETREQ = 1500407

STRAIN LIMITATIONS IN SKIN (MEMERANE OMLY)

0-TEG. TENSION  0-DEG. COMPRESS.  90-DEG. TENSION  90-DEG. COMPRESS.
L0045 < .0040 0045 . 0040
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I EEEEEREEREERRERZNX ]

# & # LOAD CASE NMBER 2 # # #
R E R E R EEEER N

1 AP =0 NOBUCK = |
0 X = NY =0 NSEP =0

* APPLIED LOADS (FORCE/UNIT WIDTH): NX = -6000. NY = 0. NXY = 400,

PRESSURE = .00 TEMPERATURE DIFF. 0.

INITIAL ECCEN./LENGTH = ,0010 AXIAL LOAD ECCEN.

:

SUBSET MATERIAL SPECIFICATION:

SUBSET 1 MATERIAL NO. 1
SUBSET 2 MATERIAL NO. 1
SUBSET 3 MATERIAL NO. |
SUBSET 4 MATERIAL NO. 1
SUBSET 5 HATERIAL NO. 3
SUBSET & MATERIAL NO. 1
SUBSET 7 MATERIAL NO. |
SUBSET 8 MATERIAL NO. 1
SUBSET ¢ MATERIAL NO. |
SUBSET 10 MATERIAL NO. |

REQUIRED SHEAR STIFFNESS, GTREQ = .3000+06
REGUIRED AXIAL STIFFNESS, ETREQ = .1500+07

STRAIN LIMITATIONS IN SKIN (MEMBRANE ONLY)

0-DEG. TENSION  O-DEG. COMPRESS.  90-DEG. TENSION  90-DEG. COMPRESS.
0030 0027 0030 . 0027

SKIN LAYUP DESIGN CONSTRAINTS — THETAA = .0

SKRAT(1) SKRAT{(2) SKRAT(3)
lm l3w low
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WEIGHT/{UNIT PLAN ARFA) = 01535

* % & WRGIN OF SAFETY SUMHRY & # »

LOADING CASE MO,
MODE DESCRIPTION 1 2 3 3 5
1 SHEAR STIFFRESS A79 679
2 LONGIT, STIFFNESS 1026 1.02
3 SKIN STRENGTH 1.097 2.260
4  STRAIN LINITATION 192 381
5 L. FLANGE STRENGTH 1420  L749
6  R. FLANGE STRENGTH 1420 1749
7 WEB STRENGTH 9,000 99,000
8  OTIF, LOCAL RUCKLING  1.382  3.005
9 SKIN LOCAL BUCKLING  99.000 A34
10 ROLLING BUCKLING 2.3 4685
11 TORS./FLEX. BUCKLING 2,290  A.973
12 EULER BUCKLING L3320 1200
13 SKIN/STIF, INTERFACE  99.000  99.000
1 SN LAYOP (LORGIT.) 1791 791
15 SKIN LAYUP (INTERM.) 280 . 240
16 SKIN LAY(P (TRANSV.) 395 395
HINIMM MWARGIN OF SAFETY = ,192
CRITICAL MODE = 4
LOADING CASE = 1
PLY NO. 14 1S CRITICAL ORIENTATION = 90,
STRAINS ARE: EPSt = .001765 EPS2 = -.003355  EPS12 = -,001787

ALLOW. STRAING ARE: EPS1 = 004500 EPS2'= 004500  EPSI2'= 020000
EPSL = -.004000  EPS2 = -, 004000

PROGRAM CALLS TO ANALIZ

ICALC  CALLS
1 1
2 1
3 1
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EXAMPLE 2 -~ SIZING

Using the design of the previous example as the Starting design, a
minimum-weight panel is determined using stiffener dimensions and lamina
thicknesses as design variables. Eight independent design variables are
defined. Two linked variables are defined. The right free flange width is
required to be equal to the left free flange width. The thickness of the
90-degree material in the free flange is required to be 0.1 times the
thickness of the 0O-degree material to provide for a minimum transverse
stiffness in the flange and to control matrix cracking in the O-degree
material. Upper bounds are imposed on the stiffener dimensions although
these bounds prove not to be active constraints after sizing is completed.
All margins of safety are required to be positive and the margin of safety
of Mode 12 is required to be greater than 0.1. Membrane strain limitations
'and skin layup design constraints are imposed on the skin.

The output shown consists of the sizing and analysis data, an initial
margin of safety summary, intermediate sizing results, and the final design
with its margin of safety summary. Four margins of safety are close to
their lower bounds. These are Modes 4 and 8 from the ultimate load case,
Mode 9 from the limit load case, and Mode 15. Two hundred seventeen calls
to the major analysis routine (ANALIZ) were made. The input data is listed
on the following pages. The output follows the input data listing.
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INPUT DATA: PAGE 1

S DATA HEHEHIS RS

1 . Exmu 2 — I-GECTION SIZING  s#iss
C...+ RECORD 52 - PROGRAN CONTROL PARAMETERS: NCALC:NDV. IPNPUT

2 281

C.....RECORD §3 - OPTIMIZATION CONTROL INTEGER PARAMETERS:

c IPRINT, ITMAX, ICNDIR, NSCAL,» TTRM, L INORLJ, NACHX1

3 220090010
C.....RECORD S4 - OPTIM. CONTROL FLOATING POINT PARAMETERS: FOCH.FOCH
& 0. .00001 ) . ; .
C.....RECORD 55 - OPTIM. FLOATING POINT PARAMETERS: DELFUN, DABFUN
5 0. .00001 ‘ o
C....RECORD S4 - BASIC OPTIMIZATION INFORMATION: NDVTOT, 10BJ,SCNOPT

b 10 51 -1, ,

C.....REPEAT RECORD 57 NDV TIMES

7 0. 1.0 $ WD
8 0. 2.0 $ H

9 0. 1.E16 $ TPLY(1)
10 0. 1.Els $ TPLY(2)
11 0. 1.E1s $ TPLY(6)
12 0. 1.Eté $ TPLY()
13 0. 1.Ets $ TPLY(B)
t4 0. 1.E16 $ TPLY(9)

C.....RECORD S8 - DESIGN VARIABLE IDENTIFICATION: NDSGN, IDSON, AMULT

15 1 2 $ W(i)

b 2 25 $H

17 3 3 $ TRLY(D)

18 4 R $ TPLY(2)

19 5 % $§ TPLY(6)

20 6 37 $ TRLY(T)

2 78 $ TRLY®)

2 8% $ TPLY(9)

3 12 $ M)W

% 4 % . $TPLY(4)=, 18TPLY(2)
C.....RECORD S9 - NUMBER OF CONSTRAINT SETS: NOONS

&3

C.....REPEAT RECORDS 510 AND S11 NCONS TIMES o
C.....RECORD 510 - CONTRIANTS SET IDENTIFICATION: ICON,.JCON:KCON

% 11 $ CONSTRAINTS 1 ~ 11
Ce....RECORD Si1 - CONSTRAINT SET BOUNDS: BL.BU

21 0. LE ,

2 12 12 % CONSTRAINT 12

2% 0.1 1.El6

0 13 1 % CONSTRAINTS 13 - 14

3} 0. L.EW6
C.....RECORD 512 - END OF SIZING DATA
C.....RECORD Al - ANALYSIS CONTROL DATA: TWRITE:NLOADS,NMAT
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INPUT DATA: PAGE 2
LINE

NMBER  #HHH-HH HE HHHHHHHHHH S DATA #H

'3 023
Cevoo .RECORD A2 - GEOMETRY: W(1),W(2),W(3).H(4),H,BS, XL
R 45 55 TS 16 b 20
C.....REPEAT RECORDS A3 AND A4 FOR EACH NONZERO PLATE ELEMENT
C.....RECORD A3 - PLATE ELEMENT SYMMETRY AND REPEAT INDICATORS: NSYM,NLS,NREP
I 15 $ W)
C.....RECORD A4 - PLATE ELEMENT SUBSET IDENTIFICATION NUMBERS: LS

3B 31 -1 24

7 15 $ W(2)

3 31-1 24

¥ 07 $ W)

4 51 -16-113

4 07 $ H(8)

2 51 -16-113

8 14 $ H, WEB
4 31 -6

45 110 $ BS, SKIN
% 8 -8 9 10 10 9 -7 7 9 10

Ceou..RECORD AS - NUMBER OF LAMINATE SUBSETS TO BE DEFINED: NSUBS
47 10 :

C.....REPEAT RECORDS A6.A7 AND A8 NSUBS TIMES

C.....RECORD A6 - NUMBER OF PLIES: NPLY

8 2 $ SUBSET NO. 1
C.o...RECORD A7 - PLY THICKNESS: TPLY
49  .005
C.....RECORD A8 - PLY ORIENTATIONS: THETA
% 45, -45.
a1 $ SUBSET NO. 2
32 025
3 0.
LI $ SUBSET NO. 3
I .005
% %0,
37 1 $ SUBSET NO. 4
58 .0025
59 90,
0 1 $ SUBSET NO. 5
61 003
62 0.
8 1 $ SUBSET NO. &
A 010
6 0
b 2 $ SUBSET NO. 7
67 005
68 43, -45.
9 2 $ SUBSET NO. 8
70 005
71 45, -45.

43



‘ INPUT DATA: PAGE 3
LINE

NUMBER  #HHSeHE - HHEHHHE DATA SHERsHiH I
72 1 $ SUBSET NO. 9
B 020

.74 0. -
B $ SUBSET M0. 10
% 0025
7 9.

C.++..REPEAT RECORDS A9,AL0 AND A11 NMAT TIMES
CevrsRECORD A92 MATERIAL CODE MUMBER: MAT
B 2 $ MATERIAL NO. 1 (ORTHOTROPIC)
C.+.».RECORD A10 - MATERTAL PROPERTIES: E’S, G:NU, ALPHA’S, RHO
79 .1SSE8 .164E7 .B70E6 .300 .240E-b 1626-4 097
C.....RECORD ALl - MATERIAL ALLOWABLES: STRAINS: OT,0C,90T,90C,S
STRESSES: 0T,0C,90T,90C,S
(S53E-2 L670E-2 .S00E-2 .100E-1 ,133-1,
JAXE6 L124E6 LBMEA L IGAES 11666
2 $ MATERIAL NO. 2 (ORTHOROPIC)
JSSE8 (16AET .BT0E6 .300 .280E-b .162E-4 .057
(980E-2 .1005E-1 .7S0E-2 .ISOE-1 .200-1,
J200E6 .186ES .126E5 .244E5 .174Eb
! $ WATERIAL NO. 3 (ISOTROPIC)
JASEL L9435 L300 L1844 050
0257 122 L0954 6300, 30000. 9000,
C.....REPEAT RECORDS A12,A13,A14,A15 AND At NLOADS TIMES
C.....RECORD A12 - ADDITIONAL ANALYSIS CONTROL DATA: MOPT, ICLAMP, NOBUCK
8 100 $ LOAD CASE N0. 1 (ULTIMATE LOAD)
C.....RECORD A13 - LOADS AND ECCENTRICITIES: XNI,IN2, XN3,PRESS, DELT, DEL, DELNX
9 -9000. 0. 900, 0. 0. .001 O.
C.....RECORD AL4 - MATERIAL SPECIFICATION: MATNG
M 22223822222
C.....RECORD ALS - STIFFNESS REQUIREMENTS: GTREQ.ETREQ
92 .6 L5E
Cu... .RECORD AL6 - DESIGN STRAIN LINITATIONS: OT,0C,90T,90C
93 L0045 L0040 .0045 .0040
% 101 $ LOAD CASE N0, 2 (LIMIT LOAD)
95 -6000. 0. 600. 0. 0. .001 0.
% 1111311111
97 .Eb 1.5
98,0030 .0027 .0030 .0027
C.rs. SKIN LAYUP DESIGN CONSTRAINTS: THETAA, SKRAT(1), SKRAT(2), SKRAT(3)
9% 0.0 0.2 0.3 0.05
Corr..RECORD A1S - END OF DATA
100 £

BERFEBREEY _
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Output for Example 2.

TITLE:
HEH EXAMPLE 2 — I-SECTION SIZING HEH

CONTROL PARAMETERS:

CALCILATION CONTROL, NALC= 2
MUMMBER OF GLOBAL DESIGN VARIABLES, NV = 8
INPUT INFORMATION PRINT CODE, ImeuT = 1

CALCLLATION CONTROL, NCALC
VALUE  MEANING

i SINGLE ANALYSIS

2 OPTIMIZATION

# & OPTIMIZATION INFORMATION

GLOBAL VARIABLE NUMBER OF OBJECTIVE
MLTIPLIER (NEGATIVE INDICATES NININIZATION)

i1l
s 1000"‘01

CONMIN PARAMETERS (IF 2ERC, CONMIN DEFALLT WILL OVER-RIDE)

IPRINT ITMAX ICNDIR NSCAL ITRM LINOBJ NACMXI NFDG

2 20 0 9 0 0 10 0
FDCH FDCHM %) CTHIN
« 00000 +10000-04 00000 « 00000
n CTLMIN THETA PHI
« 00000 « 00000 «00000 «00000
LELFN DABFUN ALPHAK ABOBJL
00000 « 1000004 . 00000 +00000

DESIGN VARIABLE INFURMATION
NON-ZERO INITIAL VALUE WILL OVER-RIDE MODILE INPUT

D. V. LOKER UPPER INITIAL

N0, BOUND BOUND VALLE SCALE
1 00000 « 10000+01 00000 . 00000
2 « 00000 « 20000+01 00000 + 00000
3 - 00000 «11000+14 00000 00000
4 » 00000 . 11000416 «00000 00000
3 « 00000 . 11000+16 00000 + 00000
b « 00000 «11000+16 »00000 « 00000
7 - 00000 11000416 « 00000 « 00000
8 00000 . 11000+14 « 00000 «00000
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DESIGN VARIABLES
N.  VAR. ND,

8

O O Q0 O e PO e
i e 00w O U W R e
BRLYLYLIGB/Y2Y D

Ty

CONSTRAINT INFORMATION

THERE ARE 3 CONSTRAINT SETS

GLOBAL GLOBAL LINEAR LOWER NORMAL 1 ZAT LON

ID VAR. ! VAR, 2 1D BOUND FACTOR

1 1 1 0 00000 » 10000400
2 12 12 0 » 10000+00 )

13 13 16 0 .00000

TOTAL NAMBER OF CONSTRAINED PARAMETERS = 16

& # ESTIMATED DATA STORAGE REQUIREMENTS
REAL INTEGER.

INUT EXECUTION AVAILABLE  INPUT EXECUTION. AVAILABLE
128 W8 500 & W 100
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I EE B EREEE R AR E R EEREENEEREEEEEEEREEERRNR S

R EXAMPLE 2 — I-SECTION SIZING A

I EEREEEEREEEERREEESEEEREEEEEEREEREREEEREERERER R R
tREEEEEEERES

t4sPOSTOP##&+

I EEBERNEREENSEXR]

# & & ¥ POSTBUCKLED OPEN-STIFFENED OPTIMUM PANELS # # # #
ANALYSIS AND SIZING OF COMPOSITE PANELS WITH OPEN-SECTION
STIFFENERS SUBJECTED TO GENERAL INPLANE LOADS AND UNIFORM
PRESSURE. PANELS MAY BE LOADED IN THE POSTBUCKLING RANGE.

& & % % | OCKHEED GEORGIA COMPANY # # # JUNE 1983 % & & #

IWRITE = 0 NOADS =2 NMAT=3 NSTMX =2 NITER=12 MK =0

FLANGE WIDTHS: Wl = .650 W2 = .65 W= .70 W4 = .70

STIFFENER HEIGHT = 1,600 STIFFENER SPACING = 6.000  PANEL LENGTH = 20.00

ELEMENT LAMINATE CONFIGURATIONS:

FLANGE 1  NSYM=1 NLSS=5 NREP=0 (SUBSETS: 3 1-1 2 4

FLANGE 2 NSYM=1 NLSS=5 NREP=0 SUBSETS: 3 1 -1 2 4

FLANGE 3  NSYM= 0 NLSS=7 MNREP=0 SUBSETS: 5 1-1 6-1 1 3

FLANGE 4 NSYM=0 MSS=7 NREP=0 SUBSETS: 5 1-1 &6-1 1 3

KEB NSYM= 1 MNLSS= 4 NREP=0 (SUBSETS: 3 f -1 &

SKIN NSYM= 1 NLSS5=10 NREP=0 SUBSETS: 8-8 91010 9-7 7
710

THE FOLLOWING LAMINATE SUBSETS ARE DEFINED:

2 PLIES PLY THICKMESS= .00500  ORIENTATIONS: 45 -45
1 ALY PLY THICKNESS= .02500  CORIENTATION : O
1 ALY PLY THICKNESS= .00500  ORIENTATION : 90
L PLY PLY THICKNESS= .00250  ORIENTATION ¢ 90
1 ALY PLY THICKNESS= .00500  ORIENTATION : 0
1 PLY PLY THICKNESS= ,01000  ORIENTATION : 0
2 PLIES PLY THICKMESS= .00500  ORIENTATIONS: 45 -45
2 PLIES PLY THICKNESS= .00S00  ORIENTATIONS: 45 -45
1 PLY PLY THICKNESS= .02000  ORIENTATION : 0
1 PLY PLY THICKNESS= ,00250 ~ CRIENTATION : 90

O N WMWK

o
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THE FOLLONING MATERIALS ARE SPECIFIED:

MATERIAL NO. 1

Ell= ,185+08
E22= 164407
E33= . 164407

CO0E = 2

612+ 870406
613 870408
623= 870405

RHO = .570-04

Mi12= 300400
NIi3= .300+00

LPHAZ= . 162-04

ALLOWABLE STRAIN AND STRESS VALUES:

0-DEGREE
TENSION

O-DEGREE  90-DEGREE  90-DEGREE
COMPRESS.  TENSION  CONPRESS,

« 100-01
« 164405

138-01
+ 116406

STRAIN
STRESS

«653-02
133405

.670~02
124408

MATERIAL NO. 2

Ell= .185+08
E22= . 164407
E33= . L6407

CopE = 2

G12= .B70+06
G13= .870+04
623= .870+06

RHO = .570-01

NUL2= 300400
MJ13= 300400

ALPHAL= ,240-06
ALPHAZ= ,162-04
MPHAZ= . 142-04

ALLOWABLE STRAIN AND. STRESS VALUES:

0-DEGREE
TENSTON

O-DEGREE  90-DEGREE  90-DEGREE
COPRESS,  TENSION COMPRESS. SHEAR
STRAIN
STRESS

101-01 730-02

LR & A -150!‘01
- 186406 126405

. 246403

.200"01

. 980-02
' 174406

Im

MATERIAL NO. 3 CoBE = 1 RHO = .500-01
G12= ,943+05
Gl3= 94345
623= .943405

NIt2= , 300400
NUL3= ,300+00
NJ23= . 300+00

ALPHAL= .144-04
ALPHAZ= .144-04
ALPHAZ= . 144-04

Elt= . 245+06
E22= ,245+06
E33= .245+06

ALLOWABLE STRAIN AND STRESS VALUES:

0-DEGREE
TENSION

O-DECREE  90-DEGREE  90~DEGREE
COMPRESS.  TENSION  COMPRESS. SHEAR
STRAIN
STRESS,

J257-01

122400 29701 122400 . 954-01
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I EEEREEEREEEREXRREZSR

# # & LOAD CASE NUMBER | # # #
R EEEEREEEEERY

1 AP = 0 NOBUCK = 0
0 N =0 Y =0 NEP =0

APPLIED LOADS (FORCE/UNIT WIDTH): KX = -9000. NY = 0. NxY= 900.
PRESSURE = .00 TEMPERATURE DIFF. = 0.

INITIAL ECCEN. /LENGTH = .0010 AXIAL LOAD ECCEN. = .0000

SUBSET MATERIAL SPECIFICATION:

SUBSET 1 MATERIAL M. 2
SUBSET 2 MATERIAL MO, 2
SUBSET 3 MATERIAL MO, 2
SUBSET 4 MATERIAL MO, 2
SUBSET 5  MATERIAL 0. 3
SUBSET & MATERIAL M. 2
SUBSET 7  MATERIAL NO. 2
SUBSET 8  MATERIAL N0, 2
SUBSET 9  MATERIAL NO. 2
SUBGET 10 MATERIAL NO. 2

REQUIRED SHEAR STIFFNESS, GTREQ = 3000406
REQUIRED AXIAL STIFFNESS, ETREQ@ = 1300407

STRAIN LIMITATIONS IN SKIN (MEMBRANE ONLY)

0-DEG. TENSION  0-DEG. COMPRESS.  90-DEG. TENSION  90-DEG. COMPRESS.
. 0045 . 0040 . 0045 0040
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EFLRRERBERBRABAER

# % % L0AD CASE NMBER 2 # # #
 EEEREEEEEREEREENEE .

neT
1seP

1 I0AP =0  NOBUKCK = |
0 WX =0 WY =9 NEP =90

" on

3

APPLIED LOADS (FORCE/UNIT MIDTH): NX = -6000. NY= 0, NXY = 400,
PRESSURE = .00 TEMPERATURE DIFF, = 0,
INITIAL ECCEN,/LENGTH = ,0010 AXIAL LOAD ECCEN. = .0000

SUBSET MATERIAL SPECIFICATION:

SUBSET 1 MATERIAL NO. 1
SUBSET 2 MATERIAL NO, 1
SUBSET 3 MATERIAL MO, 1
SUBSET 4 MATERIAL NO. 1
SUBSET 5 MATERIAL NO. 3
SUBSET & MATERIAL 8O, |
SUBSET 7 MATERIAL NO. 1
SUBSET 8 MATERIAL NO. 1
SUBSET ¢ MATERIAL NO. |
SUBSET 10 MATERIAL NO. 1

REQUIRED SHEAR STIFFNESS, GTREQ = .3000+06
REQUIRED AXIAL STIFFNESS, ETREQ = 1500407

STRAIN-LIMITATIONS IN SKIN (MEMBRANE ONLY)

0-DEG. TENSION  O-DEG. COMPRESS.  90-DEG. TENSION  90-DEG, COMPRESS.
. 0030 0027 0030 0027

SKIN LAYUP DESION CONSTRAINTS — THETAR = .0

SKRAT(1) SKRAT(2) SKRAT(3)
.200 -300 nom
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WEIGHT/ (UNIT PLAN AREA) = 0133

& & & MARGIN OF SAFETY SUMMARY # # #

LOADING CASE NO.
MOOE DESCRIPTION i 2 3 4 S
i SHEAR STIFFNESS 679 679
2 LONGIT. STIFFNESS 1.026 1.026
3 SKIN STRENGTH 1.097 2.260
4  STRAIN LIMITATION 192 <331
5 L. FLANGE STRENGTH 1,420 1.749
6  R. FLANGE STRENGTH 1.420 1.749
7  WeB STRENGTH 99.000  99.000
8  STIF. LOCAL BUCKLING 1,382 3,005
?  SKIN LOCAL BUCKLING 99.000 434
10 ROLLING BUCKLING 2.33% 4.645
it TORS./FLEX. BUCKLING 2,290 4.973
12 EULER BUCKLING 332 1.200
13 SKIN/STIF. INTERFACE  99.000  99.000
14 SKIN LAYUP (LONGIT.) 1.791 1,791
15 SKIN LAYUP (INTERM.) 2480 240
16 SKIN LAYUP (TRANSV.) 395 . 399
MINIMUM MARGIN OF SAFETY =  .192
CRITICAL MODE = 4
LOADING CASE = 1
PLY NO. 14 IS CRITICAL ORIENTATION = 90,
STRAINS ARE: EPS1 = .001765  EPS2 = -.003355  EPS12 = -,001787

ALLOM. STRAINS ARE: EPSE = .004500 EPS2 = .004500  EPS12 = .020000
EPS1 = -.004000  EPS2 = ~,004000
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INITIA. FUNCTION INFORMATION
0BJ = . 15352304

DECISION VARIABLES (X-VECTOR)
D 45000400 . 16000401
N «50000-02 2000001

CONSTRAINT VALUES (G-VECTOR)

1) -.87834401 -, 10265402
7 -.99000403  -.13816402
13)  -.99000403 -, 17907402
¥

e lm
- 43404401

IMR= 1 0BJ = 1467001

DECISION VARIABLES (X-VECTOR)
1) 64087400 15814401
7 AS765-02  .18518-01

CONSTRAINT VALUES (G-VECTOR)
1] -.62127401 -, 90628101
n -.99000+03  -.90308+01
13} = 99000403  -.17215+02

-49158~02

- 45960401
-. 28828401
-, 27407+01

ITR= 2 0BJ = . 14536-01

DECISION VARIABLES (X-VECTOR)
1 LGAT0H0 17239401
7N AB13-02 1819501

CONSTRAINT VALUES (G-VECTOR)
1§ - 59002401  -.88913+01
7} - 99000403  -.88354+0%
13) - 99000403 -, 17211402

ITR= 3 084 = . 14114-61

DECISION VARIABLES (X-VECTOR)
1) 60415400 19230401
N JA6560-02  .18959-01

CONSTRAINT VALUES (G-VECTOR)
1) - 49854401 - 92291401
7 -. 99000403  -.70801-01
13) - 99000403  ~.18628+02

A7669-02

- 44770401
- 19675401
- 27004+0%

.35788-02

-, 1269240t
- 17312401

52

« 25000~01

e 39535*01

« 2482601

. 71153-03
~: 16905+02
- 46962401

2529101

-, 95391-01
~. 12987402
-. 49349401

1]

«26301-01

-, 25164-01
-.39850+01
~.51000+01

«10000-01

=, 14201%02
=, 22904402

- 91284+01
~ 16040+02

9984602

-, 11449402
- 16407402

. 10150-01

- 11825+02

=, 14201402
- 23237401

A8785-02

-, 16452401

47410-02

- 11489402
- 37656401

4084102

~, 11973402



ITtR= 4 0BJ = . 14114-01 NO CHANGE IN 0BJ

DECISION VARIABLES (X-VECTOR)
1) 60415400 19230401  ,35788-02
n 4656002 . 18999-01

CONSTRAINT VALUES (G-VECTOR)
1 - A9854401 -, 92291401  ~-,34548+01
n =.99000+03 -.70801-01 -.12692+01
13) =.99000+03 ~.18628402 ~-.17312+0%

ITeR= 35 0BJ = .14109-01

DECISION VARIABLES (X-VECTOR)
1) H0359400 L 19237401, 35618-02
n A46350-02  .18975-01

CONSTRAINT VALUES (G-VECTOR)
1) -.49764+01  ~.92364+01  -.34474+01
n =.9%000403  .24414-02 -.12666+01
13) -.99000403  -.18649402 -.17176+01

ITeR= & 0BJ = . 14097-01

DECISION VARIABLES (X-VECTOR)
1§ 50101400 . 19095+01  ,33317-02
N 4645902 .19071-01

CONSTRAINT VALUES (G-VECTOR)
1) -.49249401  -.92831401  -.34047+01
N =.99000+03  -.21973-01 -, 12618+01
13) =.99000403  -.18772402  -.16376401

IMR= 7 0BJ = « 14055601

DECISION VARIABLES (X-VECTOR)
D 59738400 18752401 ,34213-02
N A46324-02  .19347-01

CONSTRAINT VALUES (G-YECTOR)
1) ~. 47587401 -, 74231401  -.32731+0}
7 =.99000+03  .24414-02 -,123856+01
13) ~.99000+03 -, 19141402 -,13957+01
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.26301-01  .10150-01

= 25164-01  -.11973+02
-.39850+01  -.11825+02
=+ 91000+01

.26308-01  ,10152-01

= 2075501 -, 11966+02
= 3973401 -, 11776402
=.30983+01

«26363-01  .10171-01

= 25404-01  -.11852402
=.37492¢01 -, 11335+02
-, 50867+01

2664501 .10273-01

= 227122-01 -, 11527402
-. 38824401 -, 10754402
- 30620401

4084102

-.{1973+02
=+ 53428401

«40760~02

- 11966+02
=.53260+01

40321-02

-.11852+02
=.30626+01

« 38792-02

-, 11527+02
-.44017+01



MER= 8 O0BJ=  .1399501

DECISIGN VARIABLES (X-VECTOR)
N ATS73-02 1998501

CONSTRAINT VALUES {G-VECTOR)
1) - A3217+01  -.97708+01 -, 29230401
7} ~99000+03 -.21729400 -.11478+01
13) ~ 99000403  ~. 20038402 -.80280+00

ITR= 9 OBI=  .13988-01

DECTSION YARIABLES {X-VECTOR)
1) LST49400  L1B173+01  .32437-02
70 4554802 .20010-01

CONSTRAINT VALUES {G-VECTOR)
19 -.42960401 - 97865401  -.29224+01
n -.99000+03  .24814-02 -.14356+04
13) - 99000403  -.20081402 -.77393+00

IR= 10 0BJ = « 1391501

TDECISION VARIABLES (X-VECTOR)
EY) 06560400 . 18261401  .32472-02
n D602 L 20542-01

TONSTRAINT VALUES (G-VECTOR)
1 - 35840+01 -, 10154402 -.25212401
n - 99000403 -.29053+00 -.79232+00
13) -.99000+03 -.21203402 -.59605-06

I"R= oBJ = »13893-01

DECISIGN VARTABLES (X-VECTOR)
b 56546400 18257401  .32464~02
n <H3078-02  .20477-01

‘CONSTRATNT VALUES (G~VECTOR)

1) =.35367+01 ~.10105+02 -.24598+01
7 -59000403 -, 241 -. 74281400
13) - 99000403  -,21161402 ~-.22958-01
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~27186-01

- 43436-02
-.50301+01

+27222-01

-.47430-01
- 38145401
- 30331+01

. 28870-01

- 4773201
-, 38732401
-.51894+01

+14558-03
-, 38145401
- 52178401

«10557-01

~52101+01

. 11040-01

= 11283402
-1:8% 1~3+01

«11039-01

-~ 11147402
-, 78458401

« 3528602

=, 10758+02
=+ 3266T+01

2507902

« 2900902

- 11243402
- 37363401

- 147402



ITR= 12 08J = . 13887-01

DECISION VARIABLES (X-VECTOR)
1) «SOATSH00 . 18402401
n A5117-02 . 20463-01

CONSTRAINT VALUES (G-VECTOR)
1) - DW/1401  -.10101+02
N = 92000403 2441402
13) =.99000+03  -.21158+02

ITER= 13 0BJ = «13815-01

DECISION VARIABLES (X-VECTOR)
1)) 53542400 . 17995+01
7) A7929-02  .20342-0%

CONSTRAINT VALUES (G-VECTOR)
1§ - 3A681+01 -, 10156402
n =.99000+03  ~.26611+00
13) =. 99000403  -.21128+02

«32242-02

~. 24721401
s 7%@%
-, 23578-01

+29806~02

=. 23946+01
=, 78760400
-.30824-01

ITER= 14 0BJ = . 13793-01

DECISION VARIABLES (X-VECTOR)
1) 33517400 . 17988+01
7) 47893-02  .20287-01

CONSTRAINT VALUES (G-VECTOR)
1) = 34519401 -. 10112402
n - 79000403  -,21729400
13 =.99000+03  -.21102+02

ITR= 15 0BJ = . 1378704

DECISION VARIABLES (X-VECTOR)
19 »53473+00 . 18141401
n 47838-02  .20281-01

CONSTRAINT VALUES (G-VECTOR)
9] = JA311401 -, 10113+02
7 =.99000+03  .24414-02
13) -.99000403  -,21118402

+29793-02

-, 25245401
= 13250+00
-.43121-01

+29620~02

- 29277401
-.71021+00
-, 30377-01
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.28922-01  .11049-01

- 11959-01  ~.11283+02
- 30810401 -.78373401
= 92268401

3295501 .12198-01

-.48883-01 -.11289+02
-, 34299401  -.63394+01
= 53022+01

.32948-01  .12196-01

12994-03  -.11185+02
= 33716401 -. 61714401
-.33314401

32990-01 . 12203-01

- 12836-01 -, 11335402
-.31451401 -, 61598401
=.53440+01

. 28940-02

- 11283402
-. 38982401

.25817-02

-, 11289+02
-. J4595+01

. 23802-02

-, 11185+02
=.34365+01

«23704-02

- 11335+02
=.36265+01



TR = 1 08J = +13651-01

DECISION VARIABLES (X-VECTOR)

1§ 55279400 19502401 2875102
7 S1512-02 (1910601
CONSTRAINT VRALUES (G-VECTOR)
i) ~ 27439401 - 10045¢02 -.28652+01
N = 99000403 -.33936+00 -.25852-02
13) =/99000403  -.20904+02 -, 3473101
ITeR= 17 0Bd = 1361401
DECISION VARIABLES (X-VECTOR)
1) 54212400 19160401, 28219-02
7 9249602 .19052-01
CONSTRAINT VALUES {(G-VECTOR)
) ~. 28763401  -.99402+401 -,24917+01
7 -.99000403  -.43701400 -,77169-01
13) ~.99000403  -.20725+02 -, 16228+00
ITER = 18 0BJ = 13601-01
DECISION VARIABLES (X~VECTOR)
D 53728400 19282401  ,27371-02
n 9222802 ,19185-01
CONSTRAINT VALUES (G-VECTOR)
D - 28123401 -.10012¢02 -, 28669401
'} ] -, 99000+03 -.21973-01 -.70781-01
13) - 99000403 -,20897+02 -.51451-01
IMR= 19 0BJ = »13593-01
DECISION VARTABLES (X-VECTOR)
n 53331400 19225401 2710602
n 5210102 .19246-01
CONSTRAINT VALUES (G-VECTOR)
1 - 27820401 -, 10080402 -, 24445401
- n - 95000403  .24414-02 -.56978-01
13) - 99000403 - 20976402  .66906-04
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MAB01  JIT68D1  .18280-02
- 59120-01 -, 135402 -, 13355402
S 2THL  -.B20H01 <, 72854401
- 61754401

M222-01  ASTH-01 L 1B396-02
31200401 -.73153401  -.54783+01
-.61267401

128801 ISTI3-01  .17988-02
- 24382-01  -.13065402  -,13066+02
27152601 -.69695401 -, ATHEH0
-.41046+01

A321-01  1S804-01 (779702
ATl -, 13027402 -, 13027402
S 2TONSHL -, 6797801 -, 5327640
- 50949401



IR= 20 0BJ = «13540-01

DECISION VARIABLES (X~VECTOR)
1Y) S1383100 18643401  .24809-02  .4236A4-01  .16482-01  .17256-02
N 93304-02  .19269-01

CONSTRAINT VALUES (G-VECTOR)
1} =.28712401  -.10052¢402 -, 25130401 -.15938-01 -.12644402 ~.12644+02

n = 99000403 -.19287+00 -.18898+00 -.30110+0f ~-.53851401 -.50401+01
13) = 99000403 -.20903402 -.58713-01 -,40375+01

FINAL OPTIMIZATION INFORMATION

0BJ = «135405-01

DECISION VARIABLES {(X-VECTOR)
1) 51583400  .18643+01  .24809-02  .42364-01  .146482-01  .17254~02
N J53304-02 . 19269-01

CONSTRAINT VALUES (G-VECTOR)
1) - 28712401 -, 10052402 -.25130+01 ~-.15938-01 -.12644+402 -.12644+02
n -, 99000403 ~.19287400 -,18898+00 -.30110+01 -.53851+01 -.50401+01
13) -.99000+03 ~,20903402 -,58713-01 -.60375+01

THERE ARE 1 ACTIVE CONSTRAINTS

CONSTRAINT NUMBERS ARE

3
THERE ARE 0 VIOLATED CONSTRAINTS
THERE ARE 0 ACTIVE SIDE CONSTRAINTS

TERMINATION CRITERION
ITER EQUALS 1THAX

MMBER OF ITERATIONS = 20
OBJECTIVE FUNCTION WAS EVALUATED 213 TIMES

OONSTRAINT FUNCTIONS WERE EVALUATED 213 TIMES
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OPTIMIZATION RESWLTS

OBJECTIVE FUNCTION
GLOBAL LOCATION 51 FUNCTION VALUE . 13540~01
PESIGN VARIABLES
D, V.  GLOBAL LOWER UPPER
D NO. VAR, NO. BOUND VALUE BOUND
1 i 21 » 00000 «91583+00 10000401
2 2 5 «00000 - 18643401 « 20000401
3 3 31 + 00000 « 24809-02 «11000+15
4 4 K74 » 00000 +42364-01 » 11000416
5 3 3b . 00000 » 16682-01 11000416
b b 37 +00000 1725602 1100016
7 7 338 - 00000 . 9330402 «11000+15
8 8 3® « 00000 - 19269-01 «11000+14
9 i 2 . 00000 S1583¢00 ., 10000401
DESIGN CONSTRAINTS
GLOBAL LOWER UPPER
ID VAR, NO. BOUND VALUE BOUND
i { . 00000 . 28712400 - 11000+16
2 2 - 00000 « 10052401 » 11000+16
3 3 00000 « 25130+00 « 11000416
4 4 00000 « 1593802 - 11000+16
5 5 - 00000 « 12684401  11000+16
é b 00000 + 12684401 -11000+16
7 7 00000 - 99000402 . 11000+16
8 8 « 00000 . 19287-01 « 11000416
9 2 . 00000 . 18898-01 - 1100016
10 10 00600 «30110+00 11000416
i1 i1 00000 S33891+00 1100016
12 12 « 10000400 60401400 «11000+16
13 i3 « 00000 79000402 « 11000416
14 14 - 00000 . 20903+01 11000414
15 15 00000 .58713-02 11000416
16 16 00000 40375+00 11000416
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REIGHT/(UNIT PLAN AREA) =

01354

& & & MARGIN OF SAFETY SUMMWARY ¢ & &

=

OO N oUW N e

DESCRIPTION

SHEAR STIFFNESS
LONGIT. STIFFNESS
SKIN STRENGTH
STRAIN LIMITATION

L. FLANGE STRENGTH
R. FLANGE STRENGTH
WEB STRENGTH

STIF. LOCAL BUCKLING
SKIN LOCAL BUCKLING

~ ROLLING BUCKLING

TORS. /FLEX. BUCKLING
EWLER BUCKLING

SKIN/STIF. INTERFACE
SKIN LAYUP (LONGIT.)
SKIN LAYUP (INTERM.)
SKIN LAYUP {TRANSV.)

MINIMM MARGIN OF SAFETY =

CRITICAL MODE = 4
LOADING CASE 1

]

PLY NO. 14 IS CRITICAL

STRAINS ARE: EPst =

ALLOW. STRAINS ARE: EPS

1
EPS1

PROGRAM CALLS TO ANALIZ

ICALC CALLS
i 1
2 214
3 2

1

. 287
1.005
<291
002
1.264
1.264
99.000
019
99.000
+301
539
604
99.000

2.0% :

. 006
0604

. 002

LOADING CASE NO.
2 3 4

.287
1.005
2.265
.324
1.929
1.929
99.000
927
019
1.514
2,665
1.647
99.000
2.090
006

404

ORIENTATION = 90,

. 002899

. 004500
~. 004000
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EPS2 = -.003994  EPS12 = -

EPS2 = .004500  EPSI2 =
EPS2 = -, 004000

002331

+020000



EXAMPLE 3 - FINAL SIZING

The optimum design produced in the preceding example requires all
lamina thicknesses to be rounded to integer multiples of the available ply
thickness, 0.005 inches in this instance. 'Some of ‘the thicknesses are
rounded up and some are rounded down as shown in the new subset ‘and element
definitions in the following output. @A new sizing is performed in which
only stiffener height and free flange width are varied. The optimum
achieved is 2.2 percent heavier than that achieved in ‘*‘E’xampl‘e 2. Only 30
calls to ANALIZ were required in this optimization. The final design is
shown in Figure 13. The input data are listed on the following pages. "‘I‘he
output follows the input data listing.

| o.8s4 |
"“"“""" /’ {90/’545/@6 /950/03]s

] F

1w [90/:4;5./03] . 1 1.747
[.oos * ADHESIVE/~45 /0, /F45 /90] | -
I, 1

l 0.75 | 0.75

[35/145/04/90/04/1*-45 /0,/90 5] T 20 N

Figure 13. Optimum I-Stiffened Panel Final Design
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INPUT DATA: PAGE 1
LINE

NUMBER  #4# S-S HHEHHHHHHHEHETE DATA $HEHHHEHHH - S

1 ssset EXAWPLE 3 — I-SECTION FINAL SIZING  #ests
C.....RECORD 52 - PROGRAM CONTROL PARAMETERS: NCALC,NDV: IPNPUT
2 221

C.....RECORD 53 - OPTIMIZATION CONTROL INTEGER PARAMETERS:

¢ IPRINT, ITHAX, ICNDIR, NSCAL. 1TRM, LINOBJ, NACMX1
3 220300 10

C.....RECORD 54 ~ OPTIM. CONTROL FLOATING POINT PARAMETERS: FDCH,FDCHM
4 0. .00001

C.....RECORD S5 - OPTIM. CONTROL FLOATING POINT PARAPETERS: DELFUN,DABFUN
5 0. .00001

C..e..RECORD $b - BASIC OPTINIZATION INFORMATION: NIVTOT,10BJ, SGNOPT
6 351 -

C.....REPEAT RECORD 57 NIV TIMES

C.....RECORD 57 - DESIGN VARIABLE BOUNDS: VLB,WUB
7 0. 1.0 C S WD
8 0. 2.0 $H

C.....REPEAT RECORD S8 NDVTOT TDMES

C.....RECORD S8 - DESIGN VARIABLE IDENTIFICATION: NDSGN, IDSGN, AMULT

$ 12 $ W(l)

10 225 $H

i1 1 22 $ W2)=4(1)
C.....RECORD S9 -~ NUMBER OF CONSTRAINT SETS: NCONS

12 3

C.....REPEAT RECORDS S10 AND Sfi NCONS TIMES
C.....RECORD S10 -~ CONTRIANTS SET IDENTIFICATION: ICON,JCON,KCON

13 1 U $ CONSTRAINTS § - 11
C.....RECORD S11 - CONSTRAINT SET BOUNDS: BL.BU
14 0. L.E1S
15 12 12 $ CONSTRAINT 12
16 0.1 L.E16
17 13 16 $ CONSTRAINTS 13 - 16
18 0. L.E1
C.....RECORD S12 - END OF SIZING DATA
19 siz

€C.....RECORD A1 - ANALYSIS CONTROL DATA: IWRITE.NLOADS,NMAT
20 023

C.....RECORD A2 - GEOMETRY: W(1),W{(2),H(3),W(4),H,BS: XL
21 .% .50 .75 .75 L8 b6 20.

C.....REPEAT RECORDS A3 AND A4 FOR EACH NONZERQ PLATE ELEMENT

C.....RECORD A3 - PLATE ELEMENT SYMMETRY AND REPEAT INDICATORS: NSYM,NLS,NREP
2 135 $ W _

C.....FECORD A4 - PLATE ELEMENT SUBSET IDENTIFICATION NUMBERS: LS

B 31236
% 15 $ W(2)
% 31236

% 05 $ W3)
27 516 -3 |
B 05 $ W4
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INPUT DATA: ‘PAGE 2

4% DATA S888E
2 S 4 46 <1 3
8 1 3 _ % H, MEB
3 31 %
R 19 488, SKIN

¢ 8@8‘91‘0&0979%

Coco. RECORD A5 ~ MUMBER (OF LAMINATE ‘SUBSETS 70 ‘BE DEFINED: INSUBS
3% 10

Ces .. JREREAT RECORDS BAAT AND A8 NSUBS TIMES

C. ... RECORD 86 —*&W OF PLIES: NPLY

% 2 % ‘SUBSET N0, 4

o0 0.0, RECORD A7 - PLY THICKNESS: TPLY
36 909

» RECORD #8 ~ PLY ORIENTATIONS: THETA

,37 45,. ~43,
B '$ ‘SUBSET NO. 2
0 0.
4 1 4 SUBSET 0. 3
42 005
43 %0,
M4 | : 4 SUBSET MO. 4
45  .0025
& ?0. :
a7 1 ' $ SUBSET M. 5
48 005
49 0,
0 4 $ SUBSET NO. 6
5t L015
2 0.
B 2 $ SUBSET NO. 7
B 45 -4
5% 2 4 SUBSET 0. 8
57 .05
% 1 $ SUBSET W0. 9
:ﬁo -4920
bl ’0.
2 1 § SUBSET NO. 10
6 08
M9,

€y 10+ -REPEAT RECORDS A9.810 AMD A11 WMAT TIMES
Conss RECORD 493 MATERIAL CODE NUMBER: MAT
8 2 $ MATERIAL ¥0. { (ORTHOTROPIC)
C.oes-RECORD A10 ~ MATERIAL PROPERTIES: E‘S.G,MU.ALPHA‘S.RHD
bb 18568 .164E7 .B70EL 300 240E-6 .162E-%4 057

Cou00,RECORD ALl ~ MATERIAL ALLOWABLES: STRAING: 0T.0C,907,90C,5
¢ STRESSES: 0T,0C,207,90C,S
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INPUT DATA: PAGE 3
LINE :
NMBER  SHHHHHHHHHHHHHHHHHHE S DATA SHEHHHHHHHHHHHH

67  Jb53%-2 .670E-2 .500E-2 .100E-1 .133-1,
68 1336 .124E6 .BA0EA .1MAES .116ES
9 2 $ MATERIAL NO. 2 (ORTHOROPIC)
70 .185E8 .164E7 .870E6 .300 .240E-6 .162E-4 057
71 ' J980E-2 .1005E-1 .790E-2 .150E-1 .200-1,
72 .J200E6 .IS6EL L 126ED5 .286ES .17AES
B 1 $ MATERIAL NO. 3 (ISOTROPIC)
4 283E6 L9A3ES L300 L 144E-4 .0S0
B 0257 022 L0954 6300, 30000, 9000.
C.....REPEAT RECORDS Al2,A13,A14,A15 AND Al6 NLOADS TIMES
Caess . RECORD A12 - ADDITIONAL ANALYSIS CONTROL DATA: MOPT, ICLAMP,NOBUCK
7% 100 $ LOAD CASE NO. 1 (ULTIMATE LOAD)
C.....RECORD A13 - LOADS AND ECCENTRICITIES: XN1,XN2,XN3,PRESS, DELT,DEL,DELNX
77 -%000. 0. 900. 0. 0. .001 0.
C.....RECORD Al4 - MATERIAL SPECIFICATION: MATNO
7% 2222322222
C.....RECORD A15 - STIFFNESS REQUIREMENTS: GTREQ.ETREQ
79 &L 1.5ES
C.....RECORD Al4 - DESIGN STRAIN LIMITATIONS: OT,0C,90T,90C
0045 .0040 .0045 .0040
1 01 $ LOAD CASE NO. 2 {(LIMIT LOAD)
-6000. 0. 600. O, 0. .001 O.
t1 11311111
J3Eb 1.5Eb
0030 .0027 .0030 .0027 ‘
C.....S5KIN LAYUP TESIGN CONSTRAINTS: THETAA.SKRAT(1),SKRAT(2),SKRAT(3)
8 0.0 0.2 0.3 0.05
C.....RECORD A18 - END OF DATA
87 B8

XFEBI=2
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Output for Example 3.

TITLE:

HHE  EIPLE 3 — [-SECTION FINAL SIZING  séass

CONTROL PARAMETERS:

CALCIRATION CONTROX NCALC =
NUMBER OF GLOBAL msrm vmxmss NV =
INPUT INFORMATION PRINT CODE, IPNPUT =

I SINGLE ANALYSIS
2 OPTIMIIATION

# & OPTIMIZATION: INFORMATION

GLOBAL WARIABLE MUWDER OF OBECTIE = 5t
MATIPLIER (NEGATIVE INDICATES MINIMIZATION) = -, 1000+t

CONMIN PARAMETERS (IF ZERO, CONMIN DEFAULT WILL OVER-RIDE)

IPRINF ITMAX ICMDIR HSCAL ITRM  LINORJ NAEMXD NFDG
2 20 0 3 o 0 10 0

. 00000 . 10000-0% . 00000 . 00000

ChL CTLMIN THETH PHI
. 00000 . 00000 . 00000 . 00000

DELFUN DABFIN ALPHAX ABOBJY

TESTGH VARIABLE TNFORMATION

NOM-TERD INITIAL VALUE WILL OVER-RIDE MOTARE INPUT

D V. LR PPER INTTIAL |

M. BOD BOUND VALLE SEALE
i 00000 » 10000+01: . 00000  0000G:
2 . 00000 . 20000401 00000

D V. GLOBAL  METIPLYING
. N VAR, NO. FRCT R
) 5 ¥ 21 « 10000+0%
2 2 5 . 10000+01
3 i 22 « 10000+01
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CONSTRAINT INFORMATION

THERE ARE 3 CONSTRAINT SETS
GLOBAL GLOBAL LINEAR  LOWER  MORWLIZATION  UPPER  NORMALIZATION

D VAR.1 VR. 2 ID BOUND FACTOR BOUND FACTOR

i 1 i1 0 00000 « 10000+00 .11000¢16 - .11000+16
12 12 12 0 +10000+00 « 10000+00 .11000+16 «11000+16
13 13 16 0 «00000 « 10000+00 «11000+16 11000416

TOTAL NUMBER OF CONSTRAINED PARAMETERS = 16

& & ESTIMATED DATA STORAGE REQUIREMENTS

REAL INTEGER
INPUT  EXECUTION AVAILABLE INPUT EXECUTION AVAILABLE
8 340 5000 39 109 1000
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FEEPEERRERERREREAEEERAGRERELALEE R LR
iR EXAPLE 3 — [-SECTION FINAL SIZING ERRER
R R N R R T R R R
FREEREEEEEE R
#22POSTOP®®
PEELLELEREEL 3

MYSIS AND. SITING OF COMPOSLTE PANELS WITH OPEN:SECTION:
STIFFENERS: SUBJECTED. TO GENERAL: INPLANE LOABS AND. UNIFORM:
P%SSLRE PANELS- MAY: BE LOADED. IN: THE POSTBUCKLING: RANGE:

# & # & LOCKHEED. GEORGIA COMPANY. ¢ &. & JRE 1983. %% % &

BRITE=0  MOADS =2 NAT=3 NSTMK =2 NITER:=12: NMk=O:

FLANGE WIDTHS: Bl = 500 W= 500 W3 = 780 Wh= TS0

STIFFENER HEIGHT = 1,800 STIFFENER SPAGING.= 6,000 PANEL LENGTH = 20.00

ELEMENT LAMINATE CONFIGURATIONS:

FLANGE 1| NSYM= | Mu3S= 5 NREP= 0 SUBSETS:
FLAMGE 2 NsYM= 1 NLSS=5 MNRER= 0  SUBSETS:
LANGE 3 NSYM= 0 NLSS= 5. NREP= 0 SUBSETS:
FLANGE 4 NSYM= 0 M:SS=5 NREP= 0  SUBSETS:
NEB: NSYM=1 M.SS=3 NREP=0 SUBSETS:
KN NSYM= 1 MNL.SS= 9 NREP= 0  SUBSETS:

Sowunowe

—

THE FOLLOWING LAMINATE SUBSETS ARE. DEFINED:

2 PLIES PLY THICKNESS= .00500  ORIENTATIONS: 45.-45
LRLY  PLY THICKMESS= .03000  ORIENTATION ¢
L PLY LY THICKMESS= .00500  ORIENTATION: :.
L PLY  PLY THICKMESS= .00250  ORIENTATION: :-
FAY  PLY THICKESS: 005000  ORIENTATION::
LRY - PLY THIGOESS: .0IS00  CRIENTATION :
2 PLIES CKNESS= .00500:  ORIENTATIONS: 45 5 45
2RLIES PLY THICKNESS= 00500  ORIENTATIONS: 45 ~45
1 PLY  PLY THICKMESS= .02000  ORIENTATION : O

LPLY  PLY THICKNESS: 00250  ORIENTATION : 90

o Wby
HFood8B8c

s
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THE FOLLOWING MATERIALS ARE SPECIFIED:

MATERIAL NO. CobE= 2
Elf= .185+08 G12= .870+06
E22= . 164407 G13= .870+06
E33= . 164407 623= ,870+06

ALLOWABLE STRAIN AND STRESS VALUES:

M k-3 0570’01

NU12= .300+00 ALPHAL= , 24006
NUL3= . 300400 ALPHAZ= . 162-04
NI23= . 300400 ALPHA3= . 162-04

O-DEGREE  O-DEGREE  90-DEGREE  90-DEGREE
TENSION COPRESS.  TENSION  COMPRESS. SHEAR
STRAIN 65302 67002 .500-02 .100-01 .133-01
STRESS  .133¢06 124406 .B40+04 164405 116406
MATERIAL N0, 2 CODE = 2 RHO = .570-01
Ell= . 185408 612= 870406 NUI2= . 300400 ALPHAL= .280-0b
E22= . 164407 613= 870406 MJ13= 300400 ALPHAD= . 162-04
£ 164407 623= . 57040 NU23= . 300+00 ALPHAZ= . 162-04
ALLOMABLE STRAIN AND STRESS VALUES:
O-DEGREE  O-DEGREE  J0-DEGREE  90-DEGREE
TENSION COPRESS.  TENSION  COMPRESS. SHEAR
STRAIN 98002 .101-01 75002 5001 .200-01
STRESS 200406 186406 126405 ,286:+05 178406
MATERIAL NO. 3 CODE = | RHO = ,500-01
Eif= .245+06 G12= . 943405 NUI2= . 300400 ALPHAL= . 144-04
£22= . 245+0b 613= 943405 NJ13= . 300400 ALPHAZ= . 144-04
E33= . 245406 623= .943H05 NUZ3= 300400 ALPHAZ= . 144-04
ALLOWABLE STRAIN AND STRESS VALUES:
0-DEGREE  O-DEGREE  90-DEGREE  90-DEGREE
TENSION COPRESS.  TENSION  COMPRESS. SHEAR
STRAIN  .257-01 122400 25701 122400 95401
STRESS  .430+04 300405 ,630+04 . 300405 .500+04
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HPT = 4
1SEP = 0

APPLIED LOADS (FORCE/UNIT WIDTH):

PRESSURE =

LEEBEERERBRRA R R
# # % LOAD CASE MMBER 1 # # #
AEAS SRR B ERRARER

0

INITIAL ECCEN, LENGTH = ,0010

SUBSET MATERIAL SPECIFICATION:

SUBSET
SUBSET
SUBSET
SUBSET
SUBSET
SUBSET 1

e D RS e

S O W~ o

MATERIAL NO.

MATERIAL NO,
MATERIAL NO.
MATERIAL MO,
MATERIAL NO,
MATERIAL NO.
MATERIAL NO,
MATERIAL NO,

NN RN RN

M=<5000. NY= 0. M¥= 900.

TEMPERATRE DIFF. = 0.

REGUIRED SHEAR STIFFNESS, GTREQ = .3000+0b

REQUIRED AXIAL STIFFNESS, ETREQ =
STRAIN LIMITATIONS IN SKIN (MEMBRAN

0-DEG. TENSION  0-DEG. COMPRESS.

+D040

0045

1300407
L)

OWS -0040
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HoPT
ISEP

1
0

I EEEEREEERENERNERSEXXE.

# & & LOAD CASE NMBER 2 # # &
R R R R E R R EE RN

AP =0 NOBUCK = 1
X =0 Y =0 NSEP =0

APPLIED LOADS (FORCE/UNIT WIDTH): NX = -6000. NY =

PRESSURE =

INITIAL ECCEN./LENGTH = .0010 AXIAL LOAD ECCEN.

.00 TEMPERATURE DIFF.

SUBSET MATERIAL SPECIFICATION:

SUBSET
SUBSET 1

O OO0 N O Ul W) e

MATERIAL NO. |
MATERIAL NO. |
MATERIAL NO. 1
MATERIAL NO. 1
MATERIAL NO. 3
MATERIAL NO. 1
MATERIAL NO. 1
MATERIAL NO. 1
MATERIAL NO. 1
MATERIAL NO. 1

REQUIRED SHEAR STIFFNESS, GTREQ@ = .3000+04
REQUIRED AXIAL STIFFNESS, ETREQ = .1500+07

STRAIN LINITATIONS IN SKIN (MEMBRANE ONLY)

0-DEG. TENSION  O-DEG. COMPRESS.

0030

<0027 0030

SKIN LAYUP DESION CONSTRAINTS — THETAA = .0

SKRAT(1)
lzw

SKRAT(2) SKRAT(3)
lw Im

69

0.

0.

NXY =

600,

90-DEG. TENSION  90-DEG. COMPRESS.
lm27



WEIGHT/(UNIT PLAN ARERY = .01391

¥ ¢ & MARGIN OF SAFETY

R

DESCRIPTION

SHEAR STIFFNESS
LONGIT, STIFFNESS
SKIN STRENGTH
STRAIN LINITATION

R. FLANGE STRENGTH
STIF. LOCAL BUCKLING
SKIN LOCAL BUCKLING
10 ROLLING BUEKLING

11 TORS./FLEX. BUCKLING
12 EULER BUCKLING

13 SKIN/STIF, INTERFACE
14 SKIN LAYUP (LONGIT.)
15 SKIN LAYUP (INTERS.)
16 SKIN LAYUP (TRANSV.)

HINIMUM HARGIN OF SAFETY =

CRITICAL MODE = 15
LOADING CASE = |

026

REQUIRED IOME(2) SKIN MATERIAL PROPORTION =

INITIAL FUNCTION INFORMATION
0BJ = . 139087-01

DECISION VARIABLES (X-VECTOR)

D 50000400 . 18000+01

CONSTRAINT VALUES (G-VECTOR)

) -.35700801  -,10515402
7 ~9000K3  -.92529+00
13) 99000403 -, 20769462

=.33847+01
-, 10857401
=, 25641400

70

- 54581+00
T 3‘3&3‘*0‘

4

=, 83267401

- 17341402
- 41492401



ItR= 1 0BJ = «13748-01

DECISION VARIABLES (X-VECTOR)
1) 46150400 . 16848+01

CONSTRAINT VALUES (G-VECTOR)
1)) = 35700408 -, 10275402
N =.99000403 -, 18042401
13) =. 79000403 -, 20769+02

-« 26545401
= 93096400
=« 25641400

ITR= 2 0BJ = «13713-01

DECISION VARIABLES (X-VECTOR)
1) JAZ91400 17864401

CONSTRAINT VALUES (G-VECTOR)

~.28048+01
~.§9521+00
=+ 25641+00

= 26510401
-.88473+00
= 23641400

-. 26708401
-.88118+00

1) = 35700+01  -.10200+02
7 = 99000403  -.46143+00
13) = 99000403  ~.20769402
ITtR= 3 0BJ = »13702-01
DECISION VARIABLES (X-VECTOR)
18] A3115+00 L, 17351401
CONSTRAINT VALUES (G-VECTOR)
1) =.35700¢01  -.10191+02
N = 39000403 -, 99854400
3 =. 99000403 -, 20769402
ITER= 4 0BJ = « 13698-01
DECISION VARIABLES (X-VECTOR)
1 JA2700+00 17470401
CONSTRAINT VALUES (G-VECTOR)
1) - 35700401  -.10183+02
N ~.99000403  -.85205+00
13) = 99000403 -, 20769402

~: 25641400

71

- ABA-02 - 10575402 - 10575402

-. 38181401
= 33844401

-« 11957+00
- 28435401
=, 33846+01

-.27281-02
-:30086+01
-, 53846+01

-.18014-01
-, 28559+01
-+ 53046+01

=.23657+01

- 11355+02
- 00000

-. 10669402
- 24415+00

-, 10769+02
- 19372-05

=, 20874+01

- 11355¢02

= 29779401

=, 10669402
=, 23822401

-.10769+02
~.24874+01



CIMR= 5 GBg=

DECISION VARTABLES (X<VECTOR)
1) A2700400  J1TATOHL

.13698-01

CONSTRAINT VALLES (G-VECTOR)
SSTOH0L -, 1016302

=, 25708%01
-, 88118400
207K - ZSEATH00

MR=

DECISION VARTABLES (X-VECTOR)
1 2700400 17470401

0BI= 1569801

CONSTRAINT VALUES (G-VECTOR)
1) -35700401 -, 10185402
7V =99000403 -, 85205400

13) ~59000403 -, 20769402

=, 26708+01
- 25641400

72

- 18014-01
- 28559401
~53846+01

NO CHANGE TN 0B

-, 10759%02
-, 24874401

- 10769402

- 18014-01
- 28559401
~-. 53845401

4O CHANGE N 0B

- 10769402
~ 28878401

- 10769402



FINAL OPTINIZATION INFORMATION

0BJ = «136982-01

DECISION VARIABLES (X-VECTOR)
1) «A2700¢00 17470401

CONSTRAINT VALUES (G-VECTOR)
1) = 35700401  -.10183+02 ~.26708+01 -.18014-01
7 = 99000403  ~-.85205+00 -.88118+00 ~.28559%401
13 = 99000403 -.20769402 -.25641+00 -.53B46+01
THERE ARE 2 ACTIVE CONSTRAINTS
CONSTRAINT NUMBERS ARE
4 11
THERE ARE O VIOLATED CONSTRAINTS
THERE ARE 0 ACTIVE SIDE CORSTRAINTS

TERMINATION CRITERION

- 10749402 _ -.10749+02
-.19372-05  -.24874+01

i

ABS(OBJ(I)-0BJ(I~1))  LESS THAN DABFUN FOR 3 ITERATIONS

NUMBER OF ITERATIONS = 6
OBJECTIVE FUNCTION WAS EVALUATED 26 TIMES

CONSTRAINT FUNCTIONS WERE EVALUATED 26 TIMES
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OPTIMIZATION RESULTS

74

-OBJECTIVE FUNCTION
‘CLOBAL LOCATION 51 FUNCTION VALUE . 13698-01
PESIGN VARIABLES
B. V. ‘BLOBAL LOWER UPPER
ip O, VAR, ‘NO. BOND VALUE BOL
| i al + 00000 «42700+00 + 10000401
2 2 - B 00000 + 17470401 « 20000401
3 1 .74 00000 ~A2700+00 10000401
DESIGN CONSTRRINTS
GLOBAL LOWER UPPER
10 VAR, NO. -BOUND VALLE BOBD
i 1 00000 . 35700+060 » 11000416
2 2 00000 .10183+01 11000+16
3 3 00000 . 26708400 . 11000+16
4 4 . 00000 . 1801402 . 11000+16
5 S 00000 « 10769+01 A1000+16
& [ 00000 10769401 « 11000+16
7 7 00000 «F90004+02 . 11000+16
8 8 00000 8520501 . 11000416
9 9 00000 +88118-01 < 11000+14
10 i0 . 00000 . 28959+00 . 11000+14
¢ i1 . 00000 . 00000 11000414
12 12 +10000+00 + 34874400 . 11000416
13 13 . 00000 «95000+02 . 11000416
14 14 . 00000 20769401 211000414
139 15 00000 . 25641-01 11000416
14 16 . 00000 . 33846400 . 11000+16



WEIGHT/(INIT PLAN AREA) = 01370

& & & MARGIN OF SAFETY SUMWRY # * #

MOTE DESCRIPTION
1  SHEAR STIFFNESS
2 LONGIT. STIFFNESS
3 SKIN STRENGTH
4  STRAIN LIMITATION
3 L. FLANGE STRENGTH
6  R. FLANGE STRENGTH
7  WEB STRENGTH
8  STIF. LOCAL BUCKLING
9  SKIN LOCAL BUCKLING
10 ROLLING BUCKLING
11 TORS./FLEX. BUCKLING
12 EULER BUCKLING
13 SKIN/STIF. INTERFACE
14 SKIN LAYUP (LONGIT.)
13 SKIN LAYUP (INTERM.)
16 SKIN LAYUP (TRANSV.)

MINIMUM MARGIN OF SAFETY =

CRITICAL MODE = 11
LOADING CASE = |

STIFFENER LOAD =  -24426,

PROGRAM CALLS TO ANALIZ

ICALC CALLS
i 1
2 27
3 2

1

397
1.018
267
002
1.077
1.077
99.000
-085
99.000
<286
«000
349
99.000
2,017
026

. 938

1.018
2,263

327
1.807
1.807

”.M .

1.059
‘m
1.580
2.147
1.213
99.000
2.077
026
938

TORSIONAL/FLEX. BUCKLING LOAD =
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EXAMPLE 4 - FINAL ANALYSIS

The final design produced in the previous example 1is analyzed with
IWRITE = 1 to obtain a complete listing of the analysis data. 1In this case
a skin/stiffener interface stress analysis jis performed. The interface
stresses are shown in the output for Mode 13, pass 1 (positive eccentri-
eity), load case 1, The critical stress is the longitudinal/mormal shear
stress at the flange edge and the buckling wave nodal line. The allowable
shear stress used in this example yields a large negative margin of safety
for this mode. Assuming the interface allowable stresses are correct and
the point-stress failure criterion is appropriate, positive attachment of
the stiffener would be required in order to achieve the computed postbuckl-
ing behavior of the skin.
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LINE

INPUT DATA:

PAGE

i

1
2

i

1 02

C.....RECORD S12 - END OF SIZING DATA

3

C.....RECORD A1 - ANALYSIS CONTROL DATA: IWRITE.NLOADS, NMAT

4

C.....RECORD A2 - GEOMETRY: W(1),W(2),N(3),W(4),H,BS, XL
I3 1747 6.
C.....REPEAT RECORDS A3 AND A4 FOR EACH NONZERO PLATE ELEMENT

C.....RECORD A3 - PLATE ELEMENT SYMMETRY AND REPEAT INDICATORS:

3

SIz
1 23
427 A7

7

20,

EXAMPLE 4 — ]-SECTION FINAL ANALYSIS
C.....RECORD 52 - PROGRAM CONTROL PARAMETERS: NCALC,NDV, IPNPUT

HHHE

NSYM, NLS, NREP

Ce.co .RECORD A4 - PLATE ELEMENT SUBSET IDENTIFICATION NUMBERS: LS

6 15 $ Wit

7 3123%

8 15 $ W(2)

9 3123%

10 05 $ W(3)
it 5146 -3

12 05 $ W(4)
13 5146 -13 -
4 13 $ H, WEB
15 316

% 19 $ BS; SKIN
17 8 -8 % 10 10 9 7 9 10

18

C.....REPEAT RECORDS Ab,A7 AND AS NSUBS TIMES

10

c-.---RECmD M - M.HBER Cf H..IES: WLV

19

20

C.....RECORD A8 - PLY ORIENTATIONS: THETA

RETB[UEYPIZRRBRE

2
lws

85, -4S.
1
.030
0.

1
.005
90,

1
.0025
90.

1
.005
0.

1
015
0.

$ SUBSET NO.

$ SUBSET NO.

$ SUBSET NO.

$ SUBSET NO.

$ SUBSET NO.

$ SUBSET NO.

7

i

c---.nREm A7 - H—Y THIMSS: TH...Y

2

7

Ce....RECORD AS - NUMBER OF LAMINATE SUBSETS TO BE DEFINED: NSUBS



INPUT DATA: PAGE 2
LINE
NUMBER &S8-I E a0 EE DATA S8t i H L IR BRSR R L1 4 E

72 $ SUBSET N0, 7
B .05

” %‘. -451

0 2 $ SUBSET N0, 8
4 .08

42 ‘5' *‘50

B $ SUBSET NO. 9
4 02

50

& 1 $ SUBSET NO. 10
7 .05

8 %,

C.....REPEAT RECORDS A9.A10 AND A1l NMAT TIMES

C.....RECORD A9: MATERIAL CODE MUMBER: MAT
4 2 $ MATERIAL NO. 1 (ORTHOTROPIC)
C.....RECORD A10 - MATERIAL PROPERTIES: E’S.G.NU,ALPHA’S,RHO
50  .185E8 .164E7 .870E6 .300 .240E-6 .1626-4 .057
Co.o..RECORD A1l - MATERIAL ALLOWABLES: STRAINS: OT,0C,%0T.90€,$§

; STRESSES: 0T,0C, 90T, %0C,$

O53E-2 L670E-2 ,S00E-2 .100E-1 .133-t,

J33EL L 124E6 .S40E4 L1645 . 116E6
2 $ MATERIAL NO. 2 (ORTHOROPIC)

18568 1647 .870Eb .300 .240E-6 .1626-4 .057
J980E-2 . 1005E-1 .750E-2 .1506-1 .200-1,
L200E6 L 186E6 1265 28465 .174Eb
| $ MATERIAL NO. 3 (ISOTROPIC)
24566 L943E5 L300 .144E-4 050
0257 122 .0954 4300, 30000, 9000.

C.....REPEAT RECORDS A12,A13.A14,A15 AND A6 NLOADS TIMES
C.....RECORD A12 - ADDITIONAL ANALYSIS CONTROL DATA: MOPT. ICLAMP,NOBUCK, ISEP,NPX
0 1 0 0 1 2 21 ¢ LOAD CASE NO. 1 (ULTIMATE LOAD) ;
CoewsRECORD A13 - LOADS AND ECCENTRICITIES: XN1.XN2, XN3,PRESS.DELT,DEL, DELNX
b1 -9000. 0. %00. 0. 0. .001 O.

C.....RECORD A14 - MATERIAL SPECIFICATION: MATNO

2 2222322222

C.....RECORD A15 - STIFFNESS REGUIREMENTS: GTREQ.ETREQ

63 L.3E6 1.5

C..c..RECORD A16 - DESIGN STRAIN LIMITATIONS: 0T,0C,50T.90C

64 0045 .0040 .0045 .0040

5 101 $ LOAD CASE NO. 2 (LIMIT LOAD)
&b -5000. 0. 600. 0. 0. .001 O,

7 1111311111

58 .36 1,586 '
69,0030 0027 .0030 .0027 -
Coovea SKIN LAYUP TESIGN CONSTRAINTS® THETAA, SKRAT(1),SKRAT(2), SKRAT(3)
7 0.0 0.2 0.3 0.05

C.....RECORD A18 - END OF DATA
71 END

SLARHLLLL _
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Output for Example 4.
P EEE BRI R EEEEEE BRI R ERRR RS
] EXAMPLE 4 — I-SECTION FINAL ANALYSIS R
CEEF R TR EER R B R SRR BRI R R RBEEERRRES
| FEERERREEERE
+52POSTOP#s¢#
BESEEEEEEAEDE
# # # # POSTBUCKLED OPEN-STIFFENED OPTIMUM PANELS # # # #
ANALYSIS AND S1ZING OF COMPOSITE PANELS WITH OPEN-SECTION
STIFFENERS SUBJECTED TO GENERAL INPLANE LOADS AND UNIFORM
PRESSURE. PANELS MAY BE LOADED IN THE POSTBUCKLING RANGE.

# & & # LOCKHEED GEORGIA COMPANY # # & JUNE 1983 & & ¢ &

IWRITE = | NMOADS =2 NWI=3 NSTMWX=2 NITER=12 NAX=0

FLANGE WIDTHS: W= 427 W2 = .427 W= % W= T

STIFFENER HEIGHT = 1.747  STIFFENER SPACING = 6,000 PANEL LENGTH = 20.00

ELEMENT LAMINATE CONFIGURATIONS:

FLANGE 1 NSYM=1 MNLSS=5 NREP=0 SUBSETS: 3 1 2 3 &

FLANGE 2 NSYM=1 MNLSS=5 NREP=0 SUBSETS: 3 1t 2 3 &

FLANGE 3 NSYM=0 NLSS=5 NREP=0 SUBSETS: 5 1 &-1 3

FLANGE 4 NSYM=0 NLSS=5 NREP=0 SUBSETS: 5 1 6-1 3

WEB NSYM= 1 MLSS=3 NREP=0 SUBSETS: 3 1 6

SKIN NSYM= 1 MLSS=9 NREP= (0 SUBSETS: 8-8 91010 9 7 9
10

THE FOLLOWING LAMINATE SUBSETS ARE DEFINED:

1 2PLIES PLY THICKNESS= .00500  ORIENTATIONS: 45 -43
2 1Ry PLY THICKNESS= ,03000  ORIENTATION : O

3 1P PLY THICKNESS= ,00500  ORIENTATION : 90

4 1Py PLY THICKNESS= .00250  ORIENTATION : 90

3 1RY PLY THICKNESS= .00500  ORIENTATION : O

6 LPLY PLY THICKNESS= .01500  ORIENTATION : O

7 2 PLIES PLY THICKNESS= ,00500  ORIENTATIONS: 45 -45
§ 2 PLIES PLY THICKNESS= ,00500  ORIENTATIONS: 45 -45
¥ IRY PLY THICKNESS= .02000  ORIENTATION : 0

10

1 ALY PLY THICKNESS= ,00250  ORIENTATION : 90
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THE FOLLOWING MATERIALS ARE SPECIFIED:

MATERIAL MO, 1

Ell= . 185+08
E22= . 164407
E33= . 164407

CODE = 2

612= .870+06
613= ,870+06

BB = .570-04

Wi2= . 300400

ALLOWABLE STRAIN AND STRESS VALUES:

O-DEGREE

TERSION
STRAIN
STRESS

633-02
» 133406

MATERIAL NO. 2
Ell= .185+08

E22= 164407
£33= . 164407

ALPHAL= , 24006
ALPHAG= .162-04

«670-02
2128406

CoE= 2
612= 870406

G13= 870406
623= .870+06

TENSION

.500-02

RHO = .570-01

NJi2= . 300+00
W13= . 300+00
W23= . 300400

COMPRESS,

»133-01
116406

+100-01
- 164405

ALPHAL= . 240-05
ALPHAZ= , 162-04
ALPHAS= . 102 04

ALLOWABLE STRAIN AND STRESS VALUES:

0~DEGREE
TENSION

0-DEGREE 90-DEGREE 90-DEGREE

COMPRESS. TENSION COMPRESS. SHEAR

STRAIN
BTRESS

»980~02
« 200406

FATERIAL NO. 3
Ell= 245406

E22= 245406
E3F= . 245+06

ALLOWABLE STRAIN AND STRESS VALUES:

0~DEGREE
TENSION

STRAIN  .267-01

STRESS  ,430+04 300405 630404 300405

.101-01
. 186406

CopE= 1
Gi2= 94305

613= .943+05
623= 943405

T0-02
126405

RHO = .500-01
NJi2= . 300400

NUi3= . 300+00
MI23= , 300+00

. 150~01
« 246405

uml
» 174406

ALPHAL= L 144-04
ALPHAZ= , 144-04

0-DEGREE ~ 90-DEGREE  90-DEGREE

COMPRESS.

L] l 22*00

TENSION

«257-01
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N I EE EEEEEREREREXRE:EX

# % # LOAD CASE MMBER | # & #
 Z X EEE R EEEEES R R

MOPT = 1§ AP =0 NOBUCK = 0
ISEP = | X =2 NY =21 NSEP =10

APPLIED LOADS (FORCE/UNIT WIDTH): NX = -9000. NY = 0. NXY= 900,
PRESSURE = 00 TEMPERATURE DIFF. = 0.

INITIAL ECCEN. /LENGTH = .0010 AXIAL LOAD ECCEN. = .0000

SUBSET MATERIAL SPECIFICATION:

SUBSET | FATERIAL NO. 2
SUBSET 2 MATERIAL NO. 2
SUBSET 3 MATERIAL NO. 2
SUBSET. 4 MATERIAL NO. 2
SUBSET 5 MATERIAL NO. 3
SUBSET & MATERIAL ND. 2
SUBSET 7 MATERIAL NO. 2
SUBSET 8 MATERIAL NO. 2
SUBSET 9 MATERIAL NO. 2
SUBSET 10 MATERIAL NG, 2

REQUIRED SHEAR STIFFNESS, GTREQ = 3000406
REQUIRED AXIAL STIFFNESS, ETREQ = 1500407

STRAIN LINITATIONS IN SKIN (MEMBRANE ONLY)

0-DEG. TENSION  O-DEG. COMPRESS.  90-DEG. TENSION  90-DEG. COMPRESS.
0045 . 0040 0045 .0040
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FEERAFRBERRAS RS
% &% LOAD CASE MMBER 2 # ¢ #
EEEREREREREBIEREE

WPT=1 ICLAWP=0  NOBKK =1
ISP=0 WX =0 WY =0 NEP =0

APPLIED LOADS (FORCE/UNIT WIDTH): MNX = -6000. WY = 0. MY = 600,
PRESSLRE = .00 TEWPERATURE DIFF. = 0,
INITIAL ECCEN. /LENGTH = 0010 AXIAL LOAD ECCEN, = 0000

SUBSET MATERIAL SPECIFICATION:

SUBSET 1 MATERIAL NO. 1
SUBSET 2 MATERIAL NO. 1
SUBSET 3 MATERIAL NO. 1
SUBSET 4 MATERIAL NO. 1
SUBSET 5 MATERIAL NO. 3
SUBSET 6 MATERIAL NO. |
SUBSET 7 MATERIAL NO. 1
SUBSET 8 MATERIAL NO. 1
SUBSET 9 MATERIAL NO. |
SUBSET 10 MATERIAL NO. 1

REQUIRED SHEAR STIFFNESS, GTREQ = ,2000+06
REQUIRED AXIAL STIFFNESS, ETREQ = 1500407

STRAIN LIMITATIONS IN SKIN (MEMBRAKE ONLY)

0-DEG. TENSION  0-DEG, COMPRESS.,  90-DEG. TENSION  90-DEG. COMPRESS,
.0030 0027 .0030 0027

SKIN LAYUP DESIGN CONSTRAINTS — THETMA = .0

SKRAT(1)  SKRAT(2)  SKRAT(3)
. 200 .300 .030

82



I EEENEREERERENENERENEISERI:E]

# ¢ ¢ LOAD CASE NUMBER 1 # & #
 EEEEEEERREREREE RN

STIFFENER PROPERTIES

BA = 3147407  EIYY = 1464407 EIYZ = .0000 EIZZ = .1985+06
GJ= .1774¢04 YST = .000 5T = 1,201 i
SKIN STIFFNESSES PER UNIT WIDTH
A-MATRIX D-MATRIX
2624407 3342406 0000 .6987404 1584404  ,13593+02
«3342¢06 8497406 0000 <1584+04  .3002¢04 1593402
+0000 .0000 4071406 1593402 1593402 . 1815+04
%% MODE =1  SHEAR STIFFMESS MARGIN OF SAFETY = .397

UNBUCKLED GT = .4071+06 REQUIRED 6T = 3000406

& % MODE =2  LONGIT. STIFFNESS

UNBUCKLED ET = ,3027+07 REQUIRED ET = . 1500407

UNBUCKLED SKIN/STIFFEMER PROPERTIES

MARGIN OF SAFETY = 1.018

EAS = .1816408 EIS = .5256+07 ZBR= .208 EUWER = -79637.

% & % PASS {: BOMW ECCENTRICITY = .0200 # # #

SKIN/STIFFENER BENDING MOMENTS

PRESSURE ®
LOAD ECCEN.:

. 0000 BiM ECCEN.: IME = 4177404
0000 TOTAL: MM = L8177+04

wu

e
M

POSTBUCKLED SKIN PARAMETERS

INSTAR= 5370.45 EPSTAR= .00214%

APHA D M F/EPSTAR X EPS1/ EPS2/
EPSTAR EPSTAR

1-m -810 -128 10177 '-lnm "1.856 --054
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"EIINHEB TANGENT STIFFNESS MATRIX
AL M2 A2 b

s 4990 "t ‘191 a ml L 1’4&

BUCKLED' SKIN/STIFFENER PROPERTIES
EAS = . 1431408 EIS = 5084407 IR =

EAT = 9641407 EIT = 4560407 EULER =

# s MODES =3 AND 4 SKIN 1S BUCKLED
SKIN LOAD XNSK = -7410.78  XNCR = ~5447.81

LOCATION 1

TOTAL STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

Py cﬂiEN— # 8 #STRAING # & #
No. TATION EPS1 EPS2 EPS12

5. .31M-02 -.8066-02 .3221-02
45, ~T197-02 .29%9-02 -.3277-02
45,  -.7528-02 27502 -.3334-02
15, .2531-02 - 7258-02 33002
0. -.A049-02 -.5167-03  .8605-02
90.  -.3800-03 -,4039-02 -,7539-02
90,  -.3496-03 -.8037-02 -.7303-02
0.  <.4028-02 -.2128~03 .6237-02
45, JAGTI-03 -.A566-02 395702
10 -85,  -.4296-02 .2827-03 -.4013-02
1 0. -.4003-02 .1518-03 339502
12 90, 288603 -.3994-07 -,2329-02
1390, 319003 -.3992-02 -.2092-02
14 0. -.3982-02 .AS57-03 102702
15 -85, -.1603-02 -.1761-0Z -.4580~02
6 45, -.1965-02 -.1334-02 .4636~02
17 0.  -.3958-02 .8204-03 -.1815-02
18 90. 557103 -.3948-02 .2881-02
19 9. 87503 -.398-02 .3118-02
20 0, -.3937402 112402 -.4184-02
20 85, -,8009:02 .1359-02 .5203-02
2 45 162802 -.4213-02 -.5259-02
2B -85, .1897-02 -.4818-02 -,5316-02
¥ .45, - R202 218602 537302

84

268

-72831.

EPSICR = ~.002185

STRAIN RATIOS
321 .538 .14
J6 0392 164
749 365 L1687
-258 -484 4170
403 034 430
038 289 .37
035 269 L3S
401 014 312
050 .24 158
A27 038 208
398 020 .170
029 266 W16
4033 -266 ' 0105
396 061 051
60 117 229
496 089 .22
394 109 .0
098 263 A4
01,263 156
392 L1500 209
399 81 260
Jd& 281 263
198 295 W26
450 289 269



MEMERANE STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

PLY ORIEN-
NO. TATION
1 45.
2 -45.
3 "‘5-
4 45.
3 0.
) 90.
7 0.
8 0.
9 4.
10 -85,
i1 0.
12 90.

LOCATION 2

TOTAL STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

ALY ORIEN-
NO. TATIOM
1 45.
2 -45.
3 -45,
L} 1.
5 0.
6 20,
7 90,
8 0.
? 4.
10 -45.
i1 0.
12 %0.
13 90.
14 0.
15 -45.
16 45,
17 0.
18 90.
19 %0.
20 0.
21 45.
2 ~43.
23 - -45.
24 45.

l!iSTRAiNSl!i

EPS1

~.7392-03
= 295002
=: 295002
-.7392-03
-.3993-02

»3038-03

+3038-03
=+ 3993-02
=, 7392-03
=, 295002
=.3993-02

+3038-03

EPS2

EPS12

.4297-02
-.4297-02
-.4297-02

429702

221102
- 221102
- 221102

«2211-02

+4297-02
T 4297-02

221102
- 221102

%+ 00 STRAINS + & &

EPSt

.4844-03
= 1724-02
-.1722-02

«4906~03
=, 404902

. 2829-02

. 2829-02
-.4028~02

«9113-03
-.1697-02
-.4003-02

»2829-02

. 2829-02
-.3982-02
- 1677-02

536103
-, 3958~02

. 2829-02

.2829-02
=.3937-02

54803
~.1652-02
-.1650~02

+3630-03

EPs2

- 1726-02
. 486403
488503

- 1720-02
«2829-02

-.4039-02

~.4037-02
. 2829-02

- 1699-02
+9133-03
« 2829-02

-, 3994~02

= 3992-02
« 2829-02
534003

= 167302
«2829-02

-.3948-02

~.3746-02
+2829-02

-+ 165402
. 3569-03
«3610-03

-, 1648-02
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EPS12

+6901-02

~.6897-02 .

-.6893-02
. 6889~02
L2211-02

- 2211-02

-.2211-02
221102
.6847-02

-.6843-02
221102

-.2211-02

=.2211~02
. 221102

=, $802-02
679702
.2211-02

- 2211-02

~.2211-02
.2211-02
675602

-.6752-02

-.6748-02
674402

STRAIN RATIOS
485 .77 .25
J3 8 L215
J37 185 L2158
JA85 L7 L2158
998 .08 L1
088 998 LAt
068 998 L1
998 L0688 L111
485 737 215
J37 8 .25
998 068 L1M1
088 998 LM
STRAIN RATI0S

049 15 LU
A2 065 L5
JATL 065 LS
050 115,344
403 .37 .
289 .29 L1
289 .29 Lt
401 .31t
052 13 342
69 048 .32
S8 3T
289 .26 LML
289 L6 L)
96 3T
JA67 0T L0
055 L1120 L340
394 3Tt
289 .263 LML
289 L2631t
392 .31 L
057 110 338
64 075,338
A8 075 3T
057 L1100 .37



MEMBRANE STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

ORIEN-
TATION

1>

43.
~43.
-43,

85,

0.
0.
90,

0.

43,
-45.

0.
90.

— Y P

LOCATION 3

TOTAL STRAINS IN DIRECTION OF LAWINA PRINCIPAL AXES

PLY (RIEN-
N3, TATION
i 43,
2 -43,
3 -43.
4 43,
5 0.
[ 90.
7 90.
8 0.
9 43,
10 ~43,
i1 0.
12 90.
13 90,
14 0.
15 ~45.
16 43,
17 0.
18 90.
19 2,
20 9,
21 45,
2 -45,
23 ’ *@5:
24 45,

# 2% STRAINS # » &

EPst EPS2

323703 -.14687-02
- 1687-02  ,5237-03
- 1687-02 .5237-03

.9237-03 -, 168702
= 3993-02  .2829-02

. 2829-02 -.3993-02

? 2829-02 ') 3?93'02

«95237-03 -.1687-02

- 1687-02  .5237-03

-.3993-02 .2829-02
.2829-02 -.3993-02

EPS12

- 6822-02
-, 6822-02
6822-02
221102
- 2211-02
- 221102
«2211-02
.6822-02
-, 6822-02
. 2211-02
= 2211-02

£ 8 % STRAINS # #

EPSt EPS2

AT3643 - 173702
- 173502 473603
-.1733-02  .4777-03

4798-03 -,1731-02
-.2003-02  ,7621-03

+7621-03 -, 1994-02

7621-03 -, 1992-02
- 1982-02 .7621-03

«9005-03 -.1710-02
-.1708-02  .5025-03
- 1957-02 762103

762103 -.1948-02

762103 -.1946-02
-.1937-02  .7621-03
-.1688-02 .3233-03

09233~03 -.1685-02
- 1912-02 .7621-03

J7621-03 -, 1903-02

J621-03  -.1900-02
-.1891~02  .7621-03
- 1663-02 ,5481-03
-.1661-02  .5502-03

203 -, 1639-02

FPai2

278502
-, 2784-02
- 2779-02

277502

.2211-02
-, 221102
- 2211-02

«2211-02

273402
~.2730-02

.2211-02
- 2211-02
-, 2211-02

.2211-02
-, 2688-02

» 2684-02

221102
- 221102
= 221102

«2211-02

+2643-02
-, 2639-02
- 263502

» 2630-02
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STRAIN RATIOS
A6 422 348
422 s M
A2 16 .34
A16 422 AL
998 629 L
629 998 Al
422 .98 Ll
998 629 LM
A6 42 34l
A2 16 L3
998 622 Ll
429 998 LIl

STRAIN RATIOS
048 W11 1R
A73 0 063 R
A72 064 139
048 115 AR
JA99 0 102 LI
H78 13 Ll
078 3 LU
A97 L1021
051 W14 L1
A70 0 L067 A136
A9 L1020 Wi
078 130 (L
078 L1300 Wi
193 102 L1
168 070 .134
1T S § VA
A% 102 Ll
078 127 Ll
078 177 LA
188 102 LI
086 11 132
65 L0730 L1132
JA65 0 L0730 132
056 LM W32



MEMBRANE STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

PLY ORIEN-
NO. TATION
i 45.
2 -45.
3 -45.
4 4.
3 0.
b 90.
7 90.
8 0.
9 45.
10 ~45.
i 0.
12 90.
LOCATION 4

TOTAL STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

ALY ORIEN-
NO. TATION
i 45.
2 -45.
3 -45.
4 45.
3 0.
b 90.
7 90.
8 0.
9 43.
10 -45.
i 0.
12 90.
13 90.
14 0.
15 -43.
16 45.
17 0.
18 90.
19 90,
20 0.
21 45.
2 -43.
3 -45.
24 45.

8 #STRAINS # & &

EPSt

«3129-03
-.1698-02
- 1698-02

«9129-03
= 1947-02

«7621-03

762103
=. 1947-02

«9129-03
=.1698-02
=, 1947-02

+7621-03

EPS2

-.1698~02
«5129-03
+9129-03

-.1698-02
762103

- 1947-02

= 1947-02
«7621-03

-.1698-02
«9129-03
«7621-03

- 1947-02

EPS12

.2709-02
-.2709-02
-, 2709-02
.2709-02
2211-02
- 2211-02
- 2211-02
.2211-02
.2709-02
-, 2709-02
221102
- 221102

® & # STRAING 2 0 2

EPS1

=.1065-02
=.4177-02
-, 4040~02
-.8159-03
~.4880-02
«7226-03
«7284-03
=+ 3794-02
.1461-04
=, 238702
-2 2490-02
«7612-03
«7630-03
-.1404-02
~.1009-02
.1011-02
-.1001-03
«7998-03
.8016-03
«7863-03
. 1842-02
.6438-03
.7816~03
«2091-02

EPS2

-.4315-02
-, 982003
-.8989-03
-.3902-02
7147-03
- 439102
-, 428302
732-03
-, 2524-02
976604
753303
-.2001-02
- 1893-02
.7708-03
928103
-.8714-03
791903
385803
497403
. 809403
.5061-03
192502
. 2008-02
.9193-03

EPS12

677102
-.6357-02
-.6343-02

»6130-02

«2949-02
-, 2826-02
- 2799-02

267602

«3992-02
=.3778-02

+2347-02
= 222802
-.2197-02

207402
-.1640-02

. 1426-02

« 1746-02
-.1623-02

- 159502 .

. 1472-02
-.7113-03
.9251-03
. 1139-02
-, 1353-02
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STRAIN RATIOS
A1 4% 135
A2 L4 135
A2 A4 13
A4 A% T 1S
487 169 L1
JA69 487 LU
JA69 487 L1
487 L1891
J14 48 135
A% 18 135
487 L0891
JA69 487 L1

STRAIN RATIOS
106 288 .3
Ao 065 328
402 080 317
081 .260 .30
486 095 147
074 .93 L4
078 .28 180
378 .09 .13
001 L1688 .200
237 013 .189
288100 L 117
078 133 Ll
078 126 110
140 L103 L1084
00 L1284 .082
103,058 .07
010 .106 087
082 052 .08t
082 (066,080
101 108 074
188 067 .03
066 257 .08
080 .28 087
213 128 .08



&% & MODE =3  SKIN STRENGTH MARGIN OF SAFETY = ,267

PLY NO. 2 15 CRITICAL AT LOCATION NO. 1  ORIENTATION = -45,
STRAINS ARE: EPS1 = -, 007932 EPS2 = .003042  EPSI2 = -.003249

ALLOW. STRAINS ARE: EPS! = .009800 EPS2= .007500 EPS12 = .020000
EPSL = -.010050  EPS2 = -.015000 )

¥+ MODE =4  STRAIN LINITATION MARGIN OF SAFETY =  .002
PLY NO. 12 15 CRITICAL AT LOCATION NO. 2  ORIENTATION = 90.
STRAINS ARE: EPS1 = .002829  EPS2 = -~.003993  EPSI2 = -.002211

ALLOW. STRAINS ARE: EPS1 = .004500 EPS2 = .004500 EPS12 = .(0120000
EPS1 = -.004000  EPS2 = -.004000

tEEMODE= 5

TOTAL STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

PLY ([RIEN- + % # STRAING # # # STRAIN RATIOS
NO.  TATION EPS1 EPS2 EPS12
i 90. .5604-03 - 2571-02  ,3795-09 057 A 000
2 45, - 1003~02 -.1003-02 .3127-02 100 067 156
3 -43. - 1001-02 -.1001-02 -,3123-02 o1 067 156
4 0. ~.2948-02  .5604-03 .0000 254 075 000
3 90. «3604-03 -.2534-02 ,3750-09 057 L1869 000
6 0. - 282502  .5604-03 0000 231 075 .00
7 0. =.2513-02  .5604-03 0000 250 073 000
8 90. .5604-03 -.2505-02 371509 A57 L1687 000
9 0. --2490—02 15604_03 .0000 1243 -075 .m
10 -451 s 9577.03 “a 9577.03 ) 3036_02 -095 0064 2 152
i1 43, - 995603 -.9956-03 .3032-02 095 064 192
12 90, .5604-03 -.2467-02 .3670-09 057 .14 000
& #WDE=3 L. FLANGE STRENGTH MWARGIN OF SAFETY = 2.925
PLY NO. 4 IS CRITICAL ORIENTATION = 0.
STRAING ARE: EPS1 = -,002561  EPS2 = .000560  EPS12 = .000000

ALLOW. STRAINS ARE: EPS1 = .009800 EPS2 = .0073500  EPS12 = .020000
EPS1 = -, 010050  EPS2 = -.015000
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s e ME= b

- TOTAL STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

ALY ORIEN- # & & STRAINS # & & STRAIN RATIO0S
NO. TATION EPSt EPS2 EPS12

1 90. .5604-03 -.2571-02 .3795-09 057 471 000
2 45. =1003-02 -.1003-02 .3127-02 100 067 .19
3 ~45. -.1001-02 -.1001-02 -~.3123-02 100 067 136
4 0. ~.2048-02 .5604-03 .0000 24 05 000
3 9. 560403 -.2534~02 | 37009 057 169 000
) 0. = 202502 .5604-03  .0000 251 075 000
7 0. = 2013-02  .5604-03 .0000 250 075 000
8 90. «9604-03 -.2505-02 .3715-0% 037  .167  .000
9 0. -.2490~02 .5604-03 .0000 248 075 000
10 -45, = 9577-03 -.9577-03 -.3036-02 095 064 132
1" 43. = 9356-03 -, 9356~03 .3032-02 099 064 152
12 90. 960403 -, 246702  .3670~09 057 L1640 000
+ &+ MDE=6 R FLANGE STRENGTH MARGIN OF SAFETY = 2.925
PLY NO. 4 IS CRITICAL ORIENTATION = Q.

STRAINS ARE: EPSY = -.002561  EPS2 = ,000340  EPS1Z = .000000

ALLOW, STRAINS ARE: EPS1 = .009800 EPS2 = .007300  EPS12 = .020000
EPSE = -.010050  EPS2 = -.015000

# % N0DE=8  STIF, LOCAL BUCKLING MARGIN OF SAFETY = .38l
ELEMENT LOADS: NX(1) = -4543, NX{2) = -4543, NX(5) = ~2150.

CRITICAL WAVE NUMBER = 18 NMAX = 25

#®# NDE =11  TORS./FLEX. BUCKLING MARGIN OF SAFETY = -,000
STIFFENER LOAD =  -24424, TORSIONAL/FLEY, BUCKLING LOAD =  ~-24425.
## ¢ MODE =12 EULER BUCKLING ' MARGIN OF SAFETY = .349

EULER LOAD = -.7283+05 APPLIED LOAD = -.5400+05
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% % ¥ MODE =13 SKIN/STIF. INTERFACE MARGIN OF SAFETY = -.4637

POSTBUCKLING EDGE MOMENT = .947+02 SHEAR =, 191403
PRESSURE LOAD EDGE MOMENT = .000 EDGE SHEAR = .000

INTERFACE STRESSES  SIGK = ~-.926403 SIY = ,107+03 TAUXY =, 208403

X= 000 8161 TAUXZ TAUYZ
Y= 000 000 00 - 000
Y= ,037 000 . 928+01 000
Y= 075 000 208402 000
Y= 112 000 919402 000
Y= 10 000 973402 000
Y= 187 «000 151403 <000
Y= .28 000 205403 900
Y= 262 000 « 258+03 « 000
Y= .30 =000 314403 000
Y= .33 <000 381403 000
Y= .375 »000 A70:03 000
Y= .42 - 000 .593+03 «000
Y= 430 000 768403 +000
Y= 487 000 .103+04 000
Y= .528 000 « 145+04 +000
Y= 562 000 2 214+04 000
Y= .60 000 331404 - 000
Y= 4637 000 « 330404 000
Y= 675 . 000 872404 000
Y= 712 000 - 146403 . 000
Y= .79 000 . 248403 000
X = 10.000 8162 TAUXZ TAUYZ
Y= .000 000 .000 -.298+03
Y= .037 -.348+04 -.152~06 = 199402
Y= 075 ~.524+04 -.399-0b6 674403
Y= L1112 ~. 436404 = 15005 . 145+04
= Li150 = 212404 = 28005 195+04
= ,187 496403 ~.434-05 203404
Ye .28 « 181404 -, 390-05 . 180404
Y= 262 +138+04 = 743-05 . 153404
Y= .30 - 179+02 -+ 90405 . 146404
Y= .37 -, 103+04 =, 110-04 163404
Y= 375 -.968+03 -, 13504 . 185+04
Y= 412 » 128403 - 171-04 186404
Y= 450 827403 ~, 22104 « 160404
Y= 487 502403 - 297-04 124404
Y= ,585 -, 352403 - 41704 «105+04
Y= .562 -. 574403 -.616-04 . 989403
Y= .37 193403 -, 153-03 -.613+02
Y=, .75 -.513403 -.51-03 -.813¢03
Y= M2 . 266403 = 42103 - 132+04
Y= 7% 308404 -.714-03 -. 239404

INTERFACE STRESSES MAX AT % = 000 Y= .73
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# & # PASS 2: BOM ECCENTRICITY = -.0200 # # #

SKIN/STIFFENER BENDING MOMENTS

PRESSURE:

e 0000 BOW ECCEN.: XME = -.A177+04
LOAD ECCEN.: XMN

+0000 TOTAL: XMOM = -~ 4177+04

POSTBUCKLED SKIN PARAMETERS

INSTAR= 5370.45 EPSTAR= 00214

APHA D M F/EPSTAR XNX EpPst/ EPs2/ EPS12/
EPSTAR  EPSTAR  EPSTAR

1,00  .810 .128 .747 -1.246  -1,549 112 1.108

NORMALIZED TANGENT STIFFNESS MATRIX

ALl AL2 Az2 pbb

4993 -1192 2232 L1512

BUCKLED SKIN/STIFFENER PROPERTIES

EAS = ,1523+08 EIS = 5105407  IBR= .248

EAT = .9641407 EIT = .4560+07 EWER = -72832,

t+ e ME= 5

TOTAL STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES

PLY ORIEN- ® & % GTRAINS # 2 # STRAIN RATIOS
NO.  TATION EPS1 EPs2 EPS12

i 90. J067-02 -.4747-02 704709 09 316 000
2 45, ~.1842-02 -.1842-02 .5818-02 483 23 ./
3 -43. -.1844-02 -,1844-02 -,5822-02 483 423 .91
4 0. -4769-02  .1067-02  .0000 CATS 0 182 000
5 90. 1067-02 -.4784-02 ,7091-09 L1090 319 000
6 0. ~.4792-02  .1067-02 .0000 A77 0 142 000
7 0. -.4804-02 .1067-02 .0000 A78 142 000
8 90. 1067-02 -.4812-02 .7126-09 109 321 .000
? 0. -.4827-02  .1067-02 .0000 480 (142 000
10 ~45, -.1887-02 -.1887-02 -,5%08-02 188 126 .295
i £5. -.1889-02 -.1889-02 .3912-02 488 126 .29
12 0. 1067-02 -.4849-02 .7170-09 JA09 323 .000
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A MODE =5 L. FLANGE STRENGTH MARGIN OF SAFETY = 1.077

PLY N0. 9 16 CRITICAL ORIENTATION = 0,
STRAINS ARE: EPSt = -,004839 EPS2 = ,001067  EPSI2 = 000000

ALLOW. STRAINS ARE: EPS1 = .009800 EPS2 = .007500 EPS12 = 02004
EPS1 = -.010050  €PS2 = ~.015000 92080

# %% MODE = 4

TOTAL STRAINS IN DIRECTION OF LANINA PRINCIPAL AXES

ALY ORIEN- # % % STRAING »  » STRAIN RATIOS
NO,  TATION EPS1 P82 EPSI2 -

90. 106702 -.ATAT-0Z LTOAT09 109 316 000
5. -.1842-02 -.1842-02 581802 A8 AR B
A5, - 194402 -.1844-02 -,5822-02 A8 B B
0. < A769-02 .1067-02 0000 ATS 14200
0. 106702 - 478802  .7091-09 109319 .
0.  -.A72-02 .1087-02 0000 47T 2
0. -.4B04-02 L10B7402 L0000 478 L142
90, .1067-02 -.4812-02 .7126~09 JA0 32
0.  -.4827-02 106702 0000 430 142
-85, -.1887-02 -.1887-02 -.5908-02 88 126 295
15, -.1889-02 -.1889-02 .5942~02 A8 126 2%
0. J1067-02 -.A849-02 (TI70-09 109 323 .000

288888

%% # MODE ='6  R. FLANGE STRENGTH MARGIN OF SAFETY = 1.077
PLY'NO, 9 IS CRITICAL ORIEHTATION = 0,
STRAINS ARE: EPsl = -.004839 EPS2 = 001067 EPS12 = .. 000000

ALLOM. STRAINS ARE: EPSL = .009800 EPS2 = .007500  EPSI2 = 020000
EPSI = -,010050 EPS2 = -,015000

w#%WODE =8  STIF. LOCAL 'BUCKLING MARGIN OF SAFETY = .085

ENTLOADS: NX(1) = -8653,  WK(2) = -B453.  NK(S) = 2738

R=18 WX =25
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4 & # MODE =10  ROLLING BUCKLING MARGIN OF SAFETY = ,286

BUCKLING FACTOR IN ROLLING MODE = 1.28%

# %8 MODE =11 TORS./FLEX. BUCKLING MARGIN OF SAFETY = 112

STIFFENER LOAD =  -2b159. TORSIONAL/FLEX. BUCKLING LOAD =  ~29095.

%% 8 WODE =12 EULER BUCKLING WRGIN OF SAFETY =  .349

EULER LOAD = ~-.7283+05  APPLIED LOAD = -.J400+05

FEE RV SRR F RN RS

# % & |OAD CASE MUMBER 2 * + &
I EE A EEEE R EEEREE N

SIMILAR DUTPUT NOT SHOWN
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HEIGHT/(URIT PLAN AREA) = 01370

& & & WRGIN OF SAFETY SUMWRY # + 4
LOADING OASE MO,

WDE  DESCRIPTION 1 2 3 4
I SHEAR STIFFNESS B S
2 LONGIT. STIFFNESS 1018 1.018
3 SKIN STRENGTH M7 2,263
4 STRAIN LINITATION 002,37
5 L. FLANGE STRENGTH 1.077 1,807
6 R, FLONGE STRENGTH 1077 1,807
7 WEB STRENGTH 99,000 99,000
8  STIF. LOCAL BUCKLING 085 1,059
9 SKIN LOCAL BUCKLING  99.000 .08
10 ROLLING BUCKLING 28 1,59
1 TORS./FLEX. BUCKLING  -.000 2,147
12 EWER BUCKLING B9 1,213

13 SKIN/STIF. INTERFACE <637 99.000
14 SKIN LAYUP (LONGIT,) 2.0m 2,071
15 SKIN LAYUP (INTERM.) 026 .026
16 SKIN LAYUP (TRANSV.) 538 .528

MINIMUM MARGIN OF SAFETY = -.437

CRITICAL MODE = 13
LOADING CASE = |

INTERFACE STRESSES MAX AT X = .000 Y= .750

PROGRAM CALLS TO ANALIZ

i i
2
3 1

9%
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routines are included to compute panel stiffnesses, strains, local and panel
buckling loads, and skin/stiffener interface stresses. The resulting program
is applicable to stiffened panels as commonly used in fuselage, wing, or
empennage structures., This report gives a general description of the
capabilities and limitations of the code. Detailed instructions required to
use the program are presented, Several example problems are included. An
understanding of the analytical and sizing procedures described in NASA CR-
172259 will aid in the effective use of the code.
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