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PREFACE

This report represents continuation of work performed by Kaman
AviDyne, Burlington, Massachusetts and previously documented in AFWL
TR—75—262 . The current report contains a complete description of new
extensions and modifications of NOVA—2. Mr. Gerald Campbell was project
officer for AFWL and Mr. Lawrence .1. Mente was project leader for Kaman
AviDyne. Th.is work was performed under Contract No. F2960l—78—C_0019
in the Structural Mechanics Section of Kaman AviDyne headed by
Mr. Emanuel S. Criscjone.
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SECT I ON I
I NTROD LJCT ION

The computer code NOVA—2 (Nuclear Overpressure Vulnerability

Analysis, Version 2) given in reference 1 was developed to increase the

level of sophistication in analyzing nuclear overpressure effects on

aircraft. This program provided a technique for predicting the dynamic

response of individual aircraft structural elements, such as stringers,

frames, and panels, to the transient pressure loads associated with the
blast wave from a nuclear burst. The NOVA—2 dynamic response analysis

included both geometric and physical nonlinearities inherent in the

behavior of these structural elements in the response range bounded by

threshold of permanent damage and catastrophic damage. AtXL. ugh the

NOVA— 2 code represented a significant improvement over prior static

solutions coupled with dynamic load factors to assess the dynamic response

of the individual structural elements, the structural coupling between

mutually flexible elements was ignored in analyzing the stiffened

panels of an aircraft. Furthermore, in the individual element concept

used in NOVA— 2, the pressure loading on skin panels is assumed to be

transmitted directly to adjacent stringers and frames, ignoring the

panel response effects on the transmitted loads.

Stiffened panels are those skin panels of the aircraft that are

stiffened by several stringers and/or frames between the more rigid

boundaries represented by bulkheads, large longerons, spars and ribs.

To satisfy the need for an overall stiffened panel analysis, NOVA—2

has been extended to include discrete stiffeners within the cylindrical

or flat panels in both coordinate directions for both elastic and

inelastic deformation regions. The extended code developed herein is

designated as NOVA—2S . Similar revisions have been made to the companion

NOVA—2LT code (ref. 2), which provides various general pressure loading

1. Lee, W. N., Mente, L. J., NOVA—2 — A Digital Computer Program for
V Analyzing Overpressure Effects on Aircraft, Air Force Weapons

Laboratory, Kirtland AFB , AFWL—TR—75—262, Parts 1 and 2, August , 1976.

2. Lee, W. N., A User ’s Manual for NOVA—2LT, Kaman AviDyne, Burlington ,
MA, KA—TM—114, January, 1978.

9



• -
~~~
-

~~
- w- — •

options for the structural elements; the extended version is designated

as NOVA—2LTS. The stiffened panel capability has been developed within

the analysis framework that existed in NOVA—2 and NOVA—2LT for unstiffened

panels, so that the past capability for individual structural elements

have been retainea in NOVA—2S and NOVA—2LTS with the addition of the
stiffened panel option. Thus, the stiffened panel response analysis is

compatible with the existing blast, aerodynamic and criteria subroutines

of NOVA—2.

Although the stiffened panel option offers a significant increase

in the level of sophistication in analyzing stiffened panel structures,

there are still limitations when applied to some aircraft—type structures.

The boundaries of the stiffened panel must be some combination of clamped

and simply supported. The geometry of the stiffened panel is limited to

flat and cylindrical, although introducing initial imperfections from

these shapes allows approximations for other shapes.

Section 2 of this report presents the theoretical formulation for

the stiffened panel analysis. Since the analysis uses most of the

unstiffened panel theory given in NOVA—2, only the additional formulation

for including stiffeners is presented. To gain confidence in the

stiffened panel analysis, comparisons between existing experimental

dynamic response results from several stiffened—panel tests and corres-

ponding analytically determined responses from NOVA—2LTS are presented

in Section 3. The quality of the stiffened panel tests used for this

comparison ranges from a very well defined laboratory experiment to a

field test with several uncertainties involved. Section 4 presents an

evaluation of the stiffened panel analysis versus the individual element

analysis using NOVA—2S to compare the two approaches based on response

characteristics and slant range. This evaluation used selected stiffened

panels similar to those found in the B—52 aircraft and subjected them to

a simulated, nominal nuclear encounter. Response levels corresponding

to threshold of permanent damage and catastrophic damage were considered

using the criteria as given in NOVA—2 and NOVA—2S. Section 5 contains

the computer program description changes made to NOVA—2 to incorporate

the stiffened panel option. A sample problem is also given in Section 5.

10
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SECTION II

STIFFENED PANEL THEORETICAL FORflULATION

The addition of stiffeners to the panel skin is accomplished within

the theoretical framework of DEPROP which is a response routine contained

in NOVA—2 (ref. 1). The stiffeners in NOVA—2S are treated discretely in

the analysis and are not smeared out over the stiffener spacing. Thjs,

the stiffened panel analysis handles as few as one intermediate stiffener

or as many stiffeners spaced over the panel as the computer program

dimensions allow. The stiffeners must be oriented parallel to either or

both spatial coordinate directions of the flat or cylindrical panel, and

stiffener locations are restricted to coincide with spatial integration

grid lines. The stiffeners in the circumferential coordinate direction

V 
can have variable cross sections.

The eccentricity of the stiffeners either above or below the panel

skin is taken into account in the analysis. Both bending and membrane

deformations causing normal strains and stresses in the stiffener ’s

coordinate direction are included1, but Lateral bending of the stiffener

is ignored. Thus, in the analysis the stiffener is assumed synunetrical

about the plane of bending. The torsional stiffnesses of the stiffeners

are included in a limited manner by assuming that the twisting is always

elastic. Therefore, the shear stress associated , with torsion of the

stiffener ‘is assumed small compared to the normal stresses and is neg-

lected in the elastic—plastic formulation.

The theoretical development for the stiffened panel analysis is an

extension of the virtual work theory used to establish the equations of

motion for the unstiffened or pure panel in Section 4.2 of reference 1.

Thus, the internal work of the stiffeners undergoing infinitesimal

virtual displacements is added to that of the skin portion of the panel

in the formulation. While the spatial integration for the pure panel is

a surface integral, the integration for the stiff eners are line integrals

taken over the length of the stiffeners in the appropriate coordinate

11
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direction. The position of the coordinate surface for the flat or

cylindrical stiffened panel is defined in the same manner as for the

pure panel in Section 4.2.3 of reference 1. This coordinate surface is

shown in figure 37 of reference 1. Thus, the membrane elongation and

shear strains and the change of curvature quantities defined by the

strain—displacement relations in Section 4.2.2 of reference 1 are based

on this coordinate surface for the stiffened panel.

The geometry of the stiffened panel is illustrated in figure 1 and

depicts discrete integral stiffeners located along various integration

grid lines in both of the nondimensional y and ~ coordinate directions.

Figure 2 illustrates the various types of skin—stiffener configurations

that are treated by the analysis. The analysis accommodates stiffeners

with any shape whose cross section can be represented as a series of

connected rectangular segments. Since lateral bending of the stiffeners

is ignored, stiffeners such as channels and z—sections are treated

symmetrically as I—sections. Configurations A and B of figure 2 show

the stiffener attached to the outer and inner surfaces, respectively, of
any panel skin construction designated in NOVA—2, i.e., single—layered,

multilayered and sandwich (honeycomb). Configuration C shows the

stiffener located in the interior of a sandwich panel and configuration D

shows the stiffener attached to the inner surface of a sandwich panel

that has been crimped for connection purposes.

In the stiffened panel analysis, the segmented stiffener is treated

as a multilayered configuration with variable widths for each segment.

These segments are referenced to the selected coordinate surface located

within the panel skin in the same manner as was done for a multilayered

skin. The depths of these stiffener segments, def ined by h1 in figure 2,
are referenced to the inner skin surface which is also the reference

surface used for the multilayered skin. The manrer by which these

segment depths are specified for the various stf ~fener configurations

are discussed and illustrated in more detail in Section 5. The provision

for a gap between the skin and stiffener is included ; a stiffener which

12
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is not directly attached to the skin is still assumed to be acting

integrally with the panel skin. This gap parameter provides a means of

defining stiffeners which are attached to the stiffened panel through

orthogonal stiffeners that are in direct contact with the skin or

stiffeners which are attached only to the interior surface of the upper

face sheet of a sandwich panel. The variable cross section option in

the B—direction is accomplished by allowing a varying cross sectional

definition at each integration point along the stiffener.

2.1 ELASTIC RELATIONS FOR STIFFENERS

For the elastic solution , additional membrane , bending, cross
coupling and torsional stiffness coefficients are determined for the

stiffeners and added to the corresponding panel skin stiffness coeff i—

cients (equation 114, ref. 1) at all spatial integration points at which

stiff eners are located. Since the stiffness coefficients for the panel

skin are used in a surface integration, the stiffness coefficients for

the stiffeners which use a line integration require a correction factor

when combined together. When the center of gravity of the stiffener is

above that of the skin, the stiffener configuration is defined as “outer”

and when below it is defined as “inner”. Whether the stiffener is

“outer” or “inner” requires some sign changes in the stiffness coefficients.

The stiffness coefficients for stiffeners in the y and B directions are

given by

For

L 
— — NSEG

* 
3(N—l)E ~~~~~~ —

11 a O B ,~ ~~~ ~~~~ i
_ 

i—i
i—i

— — NSEG
F~1 — ± 

3(N— l)E 

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

+ 2ii~h1
_h
~...1)~ (1)

i—l
— — NSEG

* 
(N_l)E~ — r~ ~ ~~~~~~~~~~~~ — 1  2 2D11 ae H.K ~~~ b i [~h~ _h 1_1) + 3H ~~~ —h~..1

i l

+ 31i2 ~~~~~
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I
For 5—stiffeners:

— — NSEG
* 

3(M_l)E
B —

— 2.5 b1 (h1
_h
1 1

1—1
— — NSEG

* 
3 (M_l)E

B — 1 2 2 — — I
F22 ± 2ZH. b~ [h~ —h~~1 + 2H ~h~

_h
~~1) (2)

1—1
— — NSEG

* 
(M_l)E

B — 1i 
~~ — — 2 2D22 LH . b~ [I,hj  _h~~1) + 3H (h~ _h~_1)

~ i—l

+ 3ii2(h _h
)~

For both y and B stiffeners:

D~3 
— ~ [~~

) 
~~ + 3~

i.i—1) 
G
B ~B]

where

are the moduli of elasticity for the y and B stiffeners,

respectively

aS0 is the arc length of the cylindrical panel and for a flat

panel is replaced by width b

2. is the length of the panel

M~ N are the number of spatial integration points in the y and

B directions, respectively

H
j
~ 
H~ are the weighting values for Simpson’s quadrature formula

in the y and B directions, respectively V

is the width of the jth stiffener segment 
V

is the distance from the inner panel skin surface to the
furthest edge of the jth stiffener segment

H is the distance from the inner panel skin surface to the

coordinate surface (defined by equations 115 and 116 of ref. 1)

I .-
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NSEG is the total number of stiffener segments

G~ , G
B 
are the shear nwduli for the y and S stiffeners, respectively

are the torsional constants for the y and B stiffeners,

respectively

Where double signs (± or +) are indicated in equations 1 and 2, the

upper sign is used for “outer” stiffeners and the lower sign is used for

“inner” stiffeners. The strains and stresses in the stiffeners are

determined from

— C + zic and a E ~ (y—stiffener)xx xx xx xx y xx
- (4)

~ee — tee + zic65 and — (B— stiffener)

where z is the distance from the coordinate surface to a designated

position on the stiffener.

2.2 ELASTIC—PLASTIC RELATIONS FOR STIFFENERS

The elastic—plastic solution applies to stiffened single—layered

and sandwich skin panels. In NOVA-2 the sandwich panel was approximated

by an equivalent single—layered panel, but in this current version the

inelastic response is determined directly using the two thin face sheets

of the sandwich panel. For the elastic—plastic solution, the stiffeners

are divided into a sufficient number of segments so that the stress
V distribution across the cross section is accurately represented . In

NOVA—2S and NOVA—2LTS the selection of this segmentation of the stiffeners

is left to the discretion of the user. Figure 3 gives an illustration

of the segmentation used for elastic and elastic—plastic solution of a

typical stiffener. The elastic solution required only three segments

for this stiffener while for the elastic—plastic solution six segments

are selected to give a reasonable representation of the stress distribution.

The constitutive relations for the stiffener ’s material are based on

those used for the skin panel in reference 1, except they are reduced to

the uni.-axial case.

U
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For the stiffeners the secant modulus is defined by

— a +E (c-c )
— 0 0 t 0
E — — — — 

(5)
C C

where

t are the yield stress and strain of the s t i f fener , respectively,
and a — E co o

is the strain hardening slope of the stiffener

For stiffeners in the y—direction,
—

a — a —
~~~~~-

- xx
(6)

xx xx

and for stiffeners in the B—direction ,

a ~~~~ (7)
€

where

are defined by equation 110 in reference 1

The general stress—strain relations for stiffeners are given by

a — 
r + 

~~~ 
— ~ r) (for y—stiffeners)xx. xx s XX XX

(8)
— - r

~ee aee + ~3 ~ ee — B~~) (for B—stiffeners)

U
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The initial elastic , initial plastic, elastic unloading and reyielding
regions of response are defined the same as given in equation 113 of
reference 1. The integrand quantities for the st iffener are given by V

3€ z 3Ky xx i xx
f — a + — a — (for y—stiffeners)xx 3W a xx 3W

mn mn 
(9)

- 3E60 z 3K
f — a60 ~~ 

+ —
~~ 

a5~ ~~~~~~~~~~ (for B—sti ffeners)
mn mn

where is the distance from the coordinate surface to the center of

the stiffener segment and is expressed as — ± 4 (hj-~
-h
~...1

)_H

where the plus sign is used for “outer” stiffeners and the minus

sign for “inner” stiffeners. The trapezoidal rule is used for the

numerical integration through the depth of a stiffener in the equation

of motion .

2.3 INERTIAL COUPLING MATRICES

En the spatial sur face integration of the kinetic energy the addition

of the line integrals in the y and B directions to include the mass of
the stiffeners leads to inertial coupling of the modes. The Mpq
coefficients associated with the w—equations of motion of the inertial

coupling matrix [MJ are determined from

Mpq 
— k

Y
k
B~~mr

ôns + a-f. ~: o
~
A
~$ (Bk)~~~(Bk)

i—l (10)

B NSB

+ 
kb

ó 

~~~
i—l

where

pq extends over all the modal combinations selected for 
V

the solution

p is the mass density of the panel skin

20
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p~ is the mass density of the jth st iffener

is the area of the 1th stiffener
5

h is the total thickness of the panel skin
T)

15 , 15 are Kronecker deltasmr ns

k~ — /~k , where k is defined in equation 120 of reference 1

where k: is defined in equation 120 of reference 1

r ,s are particular values of m and n, respectively

are given in equations 118 and 119 of reference 1

Yy 5k 
are defined in equation 124 of reference 1

NSG , NSB are the number of y and B stiffeners, respectively

In general matrix form the v—equations of notion are given by

2.2[M] ~~ 
— 

{~rs} 
(11)

For the solution of these equations in NOVA—2S, equation 11 is placed

in the form

~ ~rs} 
— — [M]~~ ~~rs} 

(12)

It should be noted from equation 12 that the inertial coupling matrix

has been inverted. In order to accomplish this operation, a matrix

inversion subroutine has been placed in the new N0VA—2S and NOVA—2LTS

programs. Although the above derivation is only demonstrated for the

normal notion of the stiffened panel, similar inertial coupling matrices

have been established in the program for the inplane notions of the

panel (u and v—equations of motion).

2.4 EQUATIONS OF MOTION FOR STIFFENED PANELS

The inclusion of the stiffeners necessitated modifications of the

equations of motion for the pure panel in reference 1. These modifications

required the line integrals from the stiffeners be integrated with the

surface integral of the panel skin. For the elastic case the form of

the equations of notion were not altered since the stiffness coefficients ‘
V
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of the s t i f feners  were integrated directly with the stiffness coefficients
of the panel skin. However, for the elastic—plastic solution of a

stiffened single—layered panel the equations of motion given in equation 124
of reference 1 are modified into the form:

k k
8
[M]2.2W + 

9(~i-i)(I-l) 
E E H

J
H
ktL

2 E H~ [f~ ~~~~~~
j—l k—l i—l

r NSEG

+ -
~~~~~ ~~~ (i~ ,B~ )] +  

~~~~~ ~~~ 
i~ (hj_h

i 1
) 

~~~~~~~i—l

NSEG
+ 

~~~~ 
S~ (h~

_h
~~1

) f
~
(Y
~~

Bk)]

+ 2L2R 
~f K 6~~~

8 
— 

~~~ 
(y~~,B~~~ - 0 (13)

a mu

where the nomenclature has been given in equation 124 of reference 1

and in Section 2 of this report.

In NOVA—2 the elastic—plastic response of sandwich (honeycomb)

panels was handled by an equivalent single—layered panel. It was

apparent that the same technique used to include stiffeners into the

elastic—plastic solution could be used to solve the inelastic response

of the honeycomb panels without reducing the three—layered panel section

to an equivalent single—layered panel. It is assumed the core of the

sandwich or honeycomb always remains undamaged and the normal stresses

are carried just by the face sheets. It is further assumed that the

stress across each face sheet is constant. Figure 4 shows the nom—

enclature for the sandwich section. In the equations of motion given by

equation 13, the single layered expression in the first brackets

(associated with the first summation over i) is replaced for the sandwich

panel by

2 1&3 z2 .  E (hi—hi..1) [f~(~J,B~ ) + ~~ 
~

‘
i~~ j ’~ k~] 

(14) U
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Figure 4. Sandwich (Honeycomb ) Cross Section
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I
where

f~ , f~ are defined in equation 123 of reference 1

=

— 4h3 + h2 — i

In stiffened honeycomb panels the honeycomb core is often crimped

where the panel skin intersects the various stiffeners for attachment

purposes (see configuration D of figure 2). It is assumed that the core

is fully removed over the stiffener, so that the bending resistance of

the panel along the stiffener line is negliable compared with that of

the uncrimped honeycomb panel. Therefore, to account for this loss of

bending resistance from the crimped honeycomb panel, F~4 and Di stif f—
bness coefficients are set equal to zero for elastic solutions and f~ is

set equal to zero for inelastic solutions at all integration points

along the stiffeners. Thus, only membrane stresses in both coordinate
directions are transmitted through the honeycomb face sheets at positions

along the stiffener lines for this type of construction.

Stresses and strains in the stiffeners are computed , for printout ,
at the extreme outer and inner fibers for the elastic solutions and in
the center of the first and last segments for the inelastic solutions.

1

U

24

L ~V V -. -V-—V.- -- -



V V. -
~~~ ~~~~ 

— -

SECTION I I I

COMPARISON OF STIFFENED PANEL SOLUTIONS
WITH EXISTING EXPERIMENTAL RESULTS

To evaluate the stiffened panel option contained in NOVA—2S and

NOVA—2LTS , comparison of calculated displacement and strain time histories
are made with existing experimental results from tests performed on

stiffened panels. In this initial evaluation of the stiffened panel

program, three stiffened panels are analyzed, each from a different test

program. The sources for the three stiffened panels are from tests

performed by the MIT Aeroelastic and Structures Research Laboratory

(ref. 3), Boeing—Wichita in their Structural Response to Simulated
Nuclear Overpressure (STRESNO) test program (ref. 4) and the Naval

Weapons Evaluation Facility tests on A—4C aircraft in the DICE ThROW

event (ref. 5).

These three test sources represent a wide range in the overall

quality of the test results from the standpoint of definitions of both

structure and loading. The test in reference 3 represents a well controlled

laboratory test in which the geometry and boundary conditions of the

stiffened panel were well defined and the implusive loading with a known

spatial distribution was carefully calibrated for magnitude. The test

selected from reference 4 was conducted in a large shock tube in which

3. Witner , E. A . ,  Wu , R. W— H. and Merlis , F . ,  Experimental Transient
and Permanent Deformation Studies of Impulsively—Loaded Rings and
Cylindrical Panels, Both Stiffened and Unstiffened, Aeroelastic
and Structures Research Laboratory, Mass. Inst. of Tech., ASRL TRl7l-3
(AMMRC CTR 74—29), April 1974 .

4. Syring, R. P. and Pierson, W. D., Structural Resp~onse to Simulated
V Nuclear Overpressure (STRESNO): A Test Program Establishing a

Data Base for Evaluating Present and Future Analytical Techniques,
Defense Nuclear Agency , Washington, D.C., DNA4278F—l & 2, March 1977.

5. Friedberg, R. and Hughes, P. S., Experimental Study of Aircraft
Structural Response to Blast, Naval Weapons Evaluation Facility ,
Albuquerque, NM, NWEF Report 1145, Volumes 1 and 2, December 1977.
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the pressure was measured at one position on the panel and the boundary

conditions of the panel had some uncertainties. The test on the A—4C

aircraft was a field test in which pressures were measured outside the

test panel area and some uncertainties also existed in the geometry of

the stiffened panel.

In the following subsections, comparisons are made between measured

displacements and strain time histories from the three selected stiffened

panel tosts and the corresponding analytical response obtained using the

NOVA—2LTS stiffened panel code. In order to obtain better accuracy,

the normal dimensions of NOVA—2LTS were expanded to accommodate more

integration points to cover the large areas of the stiffened tast panels .

3.1 ANALYTICAL AND EXPERIMENTAL COMPARISONS FOR ThE MIT CYLINDRICAL
STIFFENED PANEL

In reference 3 well—defined response tests were performed on

stiffened cylindrical panels with clamped edges. To assure reliable

structural geometry and clamped—edge boundary conditions, the test

specimens were machined from solid blocks of 6061—T6 aluminum. Figure 5

shows a sketch of the test specimen which is nominally a 60—degree

cylindrical panel , 0.1 inch thick , 6.0 inches long and 6.0 inches in
radius. The boundaries of the specimen are thick and massive to simulate

an ideally—clamped edge and , furthermore, they are attached by bolts to

a thick steel plate. The integral inner stiffener in the circumferential

direction is located in the center of the panel and is nominally 0.1 inch

thick and 0.4 inch deep. All boundary edges of the cylindrical panel
and the curved edges where the stiffener intersects the panel were

machined with 1/8—inch filets to reduce the threat of premature cracking

due to stress concentrations. All dimensions of this panel were care—

fully measured to determine the actual geometric properties after fabri-

cation. These actual average dimensions were used for the NOVA—2LTS

analytical model.

The stress—strain curves in tension and compression were determined

experimentally for this particular 606l—T6 aluminum and the data are

given in reference 3. The impulsive loading was obtained by placing a

26
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I
high explosive (HE) sheet with a foam buffer over a prescribed area of

the panel . The impulse imparted to the panel by the HE sheet was care-

fully calibrated from experimental test data. A sufficient impulse was

imparted to produce significant permanent deformations of the stiffened

cylindrical panel . Strain t ime histories were obtained at four positions
on the panel from high elongation annealed constantan foil—type strain

V 
gages.

This clamped cylindrical stiffened panel subjected to an impulsive

loading was modeled using the NOVA—2LTS program to predict the analytical

response for comparison with the experimental results. Figure 6 illustrates

the geometry of the analytical model for the stiffened panel. The

circumferential stiffener located midway along the length of the panel

is rectangular in cross section and has 1/8 inch filets where it inter-

sects the panel skin. The shaded area indicates the portion of the

panel that was impulsively loaded by the HE sheet. The geometrical and

material properties of the stiffened panel are given in table 1. The

plasticity parameters represent average values obtained from the tension

and compression material test data. As shown in figure 6 the stiffener

is divided evenly into five segments for the elastic—plastic solution.

The width of the first segment is increased to account for ~he area of

the filets. In the skin of the stiffened panel, five integration points

are used in the z coordinate direction. Since the geometry and spatial
loading distribution are syum~etrical in both spatial coordinate directions,

only one—quarter of the panel is modele~1 in the NOVA—2LTS analysis by

using a 21 by 21 integration net. For the elastic—plastic response

solution of the stiffened panel, 28 modes are used. For the temporal

numerical integration a 0.5 microsecond time step is used.

The magnitude, I , of the impulsive loading applied to the panel is
0.162067 psi—eec. Through load option 3 in NOVA—2LTS this loading is

applied as a triangular pressure load over the first time step. The

peak pressure is given by ~~~~~
. and is equal to 648268.0 psi. Spatially

on the quarter panel , th. loading is zero for x 0 to 1.35225 inches

and e — 0 to 13.4235 degrees and defined by 
~m 

for x — 1.65275 inches
S
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TABLE 1

GEOMETRICAL AND MATERIAL PROPERTIES

Length (In) 6.01

Subtended Angle (deg) 59.66

Radius to center of skin (in) 6.002

Thickness of panel (in) 0.099

Depth of Stiffener (in) 0.398

Width of Stiffener (in) 0.093

Material 606l—T6

Mass Density (lb—s 2/in4) 0 .25383 x 10

Modulus of Elasticity (psi) lO~

Poisson’s Ratio 0.33

Yield Stress (psi) 46000

Strain Hardening Slope (psi) 6.84 x lO~

I

S
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to 3.005 inches and e — 16.4065 to 29.83 degrees. Thus, the edges of

the HE sheet are smeared out over two grid spacings as an approximation

in the loading distribution.

Comparisons between analytical and experimental results for the MIT

stiffened cylindrical panel are made for the four measured inner surface
strain time histories and two permanent—set displacement measurements.

The approximate spatial locations of these strain measurements are

indicated in figure 6 by small circles. For the strain measurement the

small straight line segments indicate whether the orientation was axially

or circutuferentially . Figures 7 and 8 show the comparisons for the four
strain positions where the solid lines are analytically determined from

NOVA—2LTS and the dashed lines are experimentally measured. At position 1

the experimental strain trace terminated just after reaching the peak

and at position 3 the strain trace briefly went out of recording rat~ge

during the peak portion of the response. The comparisons were very good

for the two larger strain responses at positions 1 and 2 given in figure 7.

The two lower level strain responses at positions 3 and 4 in figure 8

show reasonable comparison, particularly in phasing, but the analytical
responses are higher than the experimental. This stiffened panel under—

went large plastic deformations throughout the panel skin and the stiffener.

Figure 9 illustrates the analytically determined displacement time

histories at two positions on the panel. The measured permanent set

values at these positions are compared to the level of oscillation near

the end of the analytical time histories. The projected analytical

permanent sets are slightly lower than the measured values. This might

be expected since the stiffener exhibited plastic lateral buckling over

a small region near the ends of th. stiffener which can not be represented

in the analytical model. This plastic lateral buckling occurred approxi-

mately between 2.5 to 9.2 degrees from each end and would have the
tendency to retard the displacement recovery of the panel. The analytical

strain results confirmed the severity of deformations of the stiffener

in this region. In fact, the maximum analytical compressive strain in

V the stiffener occurs at 9 degrees at a magnitude of 0.19 in/in.
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3.2 ANALYTICAL AND EXPERIMENTAL COMPARISONS FOR STRESNO TEST SPEC IMEN
NUMBER 10

The STRESNO test program of reference 4 tested a variety of unstiffened

and stiffened panels in the Sandia Thunderpipe shock tube. These test

specimens were specially fabricated and attached to a support frame in a

manner to simulate either clamped or simp ly supported boundary conditions.

However , it is believed that the support frames had some compliance in
the inplane direction and did not provide boundaries fixed from inpiane

movement. Thus, it was expected that the measured normal displacements

would be larger than those analytically predicted. From the stiffened

panels tested in reference 4 , specimen number 10 was selected for the
comparison with the stiffened panel analysis because this specimen

seems to have the best defined boundary conditions that fit into the

ideally clamped or simply supported category. Specimen 10 is a flat

36— by 36—inch skin panel stiffened by three z—shaped inner stiff eners

spaced 9 inches apart. The ends of the stiffeners are pinned to the

support frame. The skin panel boundaries parallel to the stiffeners are

hinged while the skin panel boundaries perpendicular to the stiffeners

are unattached except for being riveted to the stiffeners at their three

locations . Figure 10 illustrateR the geometry of the stiffened panel
and the locations of the strain and pressure measurements. The displace-

ment time history was also measured at the center of the stiffened

panel. The dimensions of the cross section of the stiffeners are also

given on figure 10. The material of the 0.0625—inch panel skin is

2024—T3 aluminum while the material of the stiffeners is 2024—T351l

aluminum. The general geometric and material properties are given in

table 2.

Analytical and experimental comparison were made for shots 4 and 5
on specimen number 10. Shot 4 was a purely elastic response while

shot 5 was at a level of response in the threshold of yielding region.

The outer surface reflected pressure time histories for shots 4 and 5
are given in figure 11 in which the approximated pressure time histories
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TABLE 2

GECMETRICAL AND MATERIAL PROPERTIES

Length (in) 36

Width (in) 36

Thickness of skin panel (in) 0.0625

Mass Density (lb—s
2/in4) 0.259 x lO~~

Modulus of Elasticity (psi)

skin panel 9.8 x 1o6

stiffeners 10.8 x io6

Poisson’s Ratio 0.33

Yield Stress (psi) 50000

Strain Hardening Slope (psi) 2 .2  x 10~

I
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are shown by solid straight line segments. Table 3 gives the values of

the pressure model for shots 4 and 5, corrected for the slight internal

pressure generated by the panel response within the enclosed support

frame box. The spatial distribution of the pressure is assumed to be

uniform and is inputted into the NOVA—2LTS program by pressure option 2.

Since the geometry and spatial loading distribution are syimnetrical

in both spatial coordinate directions, only one—quarter of the stiffened

panel is modeled. The stiffeners are oriented in the y—direction and

all edges of the stiffened panel are assumed to be simply supported. A

15—by—23 spatial integration grid and a 4—microsecond time step in the

temporal integration are used in the analysis. For the elastic—plastic

response in shot 5, five integration points through the thickness of the

panel skin are used and the webs of the stiffeners are divided evenly

into 4 segments. For the analytical solutions of the two shots, 36 modes

were selected out of a 5 by 9 matrix of symmetric modes.

Comparisons between analytical and experimental strain and displace-

ment time histories are made for the various response locations published

in reference 4. Strain responses at the center of the stiffener are
compared at the lower surface of the lower flange (SlO—6 ) and lower

surface of the upper flange (Sl0—4). Strains on the panel skin at the

center of the stiffened panel are compared at the upper skin surface in

the y—direction (SlO—2c) and in the s—direction (SlO—2a). Normal displace-

ments are compared at the- center of the stiffened panel. Figures 12—15

show these comparisons for shot 4 and figures 16—19 for shot 5 where the

solid trace is the analytical results and the dashed trace is the

measured results.

The largest strains occurred on the lower flange of the stiffener

as shown in figures 12 and 16, respectively for shots 4 and 5. For this

strain the comparison in magnitude and phasing are good. The strains in

the upper flange of the stiffener and the upper surface of the panel
skin are shown in figures 13 and 17, respectively , for shots 4 and 5.
For these strains, which are much lower than those on the lover flange,

39

_____ V . - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



V .  - -  - V. V~~~~~V.V. V V

I

V TABLE 3

PRESSURE MODELS FOR SPECIMEN 10

Shot 4 Shot 5

V Time (ma) p (psi) Time (ms) p (psi)

0.0 3.0 0.0 4.5

1.1 2.0 05 4.0

1.4 2.87 1.2 7.75

1.6 4.2 1.6 5.2

2.0 2.8 2.4 3.3

2.7 2.3 2.6 3.7

4.0 0.1 3.6 2.05

4.7 0.75 4.0 3.5

4.8 2.25 5.8 2.2

5.3 1.45 6.3 3.25

6.0 1.6
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the phasing is good, but the magnitude of the measured strain is approxi-

mately double that of the analytical strain. This difference is mis-

leading in that the distribution of the strains across the cross section

is pretty good if the strain distribution is represented by the combination
of pure bending and membrane strains. For example, if the extreme inner

and outer strains are 3000 and 400 pin/in analytically and 3000 and

800 pin/in experimentally, the corresponding pure bending and membrane

strains on the cross section are ±1700 and 1300 pin/in, analytically and

±1900 and 1100 pin/in, experimentally. Thus, the overall comparison for

the strain distribution on the cross section is pretty good, even

though the smaller analytical and experimented strains at the outer

position differ by a factor of two.

Figures 14 and 18 show the comparison of the edge strains at the

upper skin surface of the local panel between stiffeners, respectively ,

for shots 4 and 5. The strain comparisons are good in peak magnitude

but the phasing does not compare as well. Figures 15 and 19 illustrate

the comparisons of the center displacement time histories, respectively,

for shots 4 and 5. Although the phasing of the analytical and experi—

mental displacement responses are good the experimental displacements

are larger than the analytical ones. This is expected since it is

believed the support system for the stiffened panel did not provide

enough rigidity to prevent inplane movement of the boundaries. This

inplane movement is magnified into significant additional normal dis-

placements of the panel.

V 
3.3 ANALYTICAL AND EXPERIMENTAL COMPARISONS FOR THE STIFFENED FIN PANEL

OF THE A-4C AIRCRAFT

An instrumented A—4C aircraft was blast tested in the DICE THROW

project at an approximate free—field overpressure level of 6 psi. The

results of this test are reported in reference 5. Two areas of the
vehicle were instrumented where the construction was of the stiffened

panel type , namely , a nearly flat stiffened panel on the vertical fin
and a curved stiffened panel on the aft fuselage. The curved fuselage

S
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panel, which contains the upper longerons as stiffeners, was eliminated
from consideration due to uncertainties in its initial geometry and

probable presence of coupling between the direct overpressure loading

and the overall bending of the fuselage. The assumed flat panel on the

vertical fin, which contains two intermediate stiffeners separating

three panel bays , was the better defined structure from which to estab-
lish an analytical model.

The boundaries of this stiffened panel are supported by ribs and

bulkheads which are continuous through the fin. These boundaries are

assumed to be clamped in the analytical model. The geometry of the

stiffened fin panel is shown in figure 20 along with the approximate

cross sections of the stiffeners. The actual stiffened panels are only

approximately rectangular but the analytical model is assumed rectangular.

The material of the skin panel and stiffeners are 7075—T6. There were

three experimental pressure time histories taken on the fin outside this
panel area, but in the vicinity of the stiffened panel. Pressure gage

number 2 was selected to represent the assumed uniform pressure load.
Strains were measured only on the skin panel at the approximate locations

indicated in figure 20 for panels designated as 2 and 3. The general
geometric and material properties of the analytical model are given in
table 4 and the pressure model is given in table 5 as determined from
the pressure time history in figure 21. The structural response to this
pressure load remains in the elastic range. Loading option 2 is used in

NOVA—2LTS to input the segmented pressure time history.

The two inner stiffeners are oriented in the y—direction and the

actual dimensions of the panel are changed slightly to ach ieve the
desired stiffener spacing within the selected integration grid in the

s—direction. Since there is only symaetry in the y—direction, half the

stiffened panel is modeled for the analysis. All edges of the stiffened
panel are assumed clamped. A l5—by—38 spatial integration grid and a

V 

2.25—microsecond time step in the temporal integration are used in the

analysis. From a 5 by 7 matrix of symmetric modes, 34 modes were used

in the solution.
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TABLE 4

GEOMETRI C AND MATERIAL PROPERTIE S

Length (in) 15

Width (in) 14 .16406

Thickness of Skin Panel (in) 0.04

Mass Density (lb—s2/in4) 0.2617 x

Modulus of Elasticity (psi) 10.5 x io6

Poisson ’s Ratio 0.33

Shear Modulus (psi) 3.9 x i06

Yield Stress (psi) 68500 psi

- 4Torsion Constant (in )

Stiffener No. 1 0.002475

Stiffener No. 2 0.00103

TABLE 5

PRESSURE MODEL BASED ON GAGE NO. 2

Time (as) 
V 

Pressure (psi)

0.0 16.58

0.3623 21.75

0.725 16.58

5.0 8.56

7.25 7.92

9.05 6.99

S
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Comparisons between analytical and experimental strain time histories

are made for measurements at gages 11, 14, 15, 18 and 19 as shown in
figure 20. All these strain measurements are in the s—direction and are

at or very close to the center of the panel in the y—direction. Because

of the slight distortion of the panel dimensions in the s—direction and

the evenly spaced integration points, the analytical strain positions do
V 

not exactly coincide with the measured positions, but are as close as
V possible , within the analytical geometric restrictions imposed by placing

the stiffeners on grid lines. Figures 22—24 illustrate the strain

comparison for panel 2 at the edge over stiffener 2 (gage 15), 0.75 inches
V from this edge (gage 14) and the center (gage 11), respectively. All

— 
these strain positions are on the outer skin surface. Figures 25 and 26

illustrate the strain comparison for panel 3 at the center on the inner

and outer skin surface (gages 18 and 19), respectively. The solid

traces on these figures are analytical determined strains from NOVA—2LTS

and the dashed traces are experimentally measured strains . In general,

these comparisons are not as good as the previous comparisons in Sections 3.1

and 3.2. The analytical results exhibited a higher frequency response

than the experimental results. The general behavior of the time history

were similar in most cases, that is, whether the response was primarily

compression, tension or oscillatory between tension and compression.

The peak magnitude comparisons for several of the plots (figs . 22 ,
23 and 26) were fair. Strain responses are very sensitive throughout
the panels and can change very rapidly over short distances. Considering

the uncertainties between the analytical stiffened panel mode]. and a

field tested actual aircraft structure, the comparisons are considered
reasonable.

~.4 CONCLUSIONS

The stiffened panel analysis using NOVA—2LTS has been compared to

experiments on stiffened panels that varied in the quality of the

testing techniques employed. The NOVA—2LTS stiffened panel analysis

comparisons with the well defined laboratory tests are, generally, very
good . Comparisons are good for the lesser controlled large shock tube
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tests on special structural models and are at best fair for the least

controlled field test of an actual aircraft. More comparisons between

the stiffened panel analysis and tests on actual aircraft stiffened

panel structures are needed in which the loading and structure are well

defined. Tests recently performed on the fuselage section of the

KC—135 aircraft and currently being performed on the B—52 fuselage

section in the Sandia THUNDERPIPE Shock Tube are prime candidates for

further correlation of the NOVA—2LTS stiffened panel analysis. V

5-
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SECTION IV
EVALUAT I ON OF THE ST I FFENED PANEL ANALYSIS

VERSUS INDIVIDUAL COMPONENT ANALYSIS

The stiffened panel analysis option of NOVA—2S is evaluated relative

to the analyses of individual components of the stiffened panel (stiffener

and panel between stiffeners) using the beam and pure panel options of

NOVA—2S which have been retained from the original NOVA—2. Three

stiffened panel configurations have been selected from the B-52 aircraft

structure in this evaluation and subjected to the overpressure loading

from a nominal nuclear encounter with the B—52 aircraft. The evaluation

is based on the two levels of damage considered in NOVA—2S , namely,

threshold of permanent damage and catastrophic damage. Analyses are
performed using the response—only option in NOVA—2S for the entire

stiffened panel, the individual stiffener, and the pure panel between

stiffeners at the same load level (equal ranges). The ranges at which

the response comparisons are to be made are determined by the weakest

structure reaching the two damage levels. For this response evaluation,

comparisons of the critical response levels are made for the three

structures. Secondly, analyses are performed using the iteration

option in NOVA—2S to determine the critical slant range at which thres—

hold of permanent damage and catastrophic damage occurs for the stiffened
panel and the governing individual structural component or element.

Comparisons of the slant ranges are made for this evaluation. The

objective of the response and range evaluations is to show the degree of

error introduced by analyzing the components of a stiffened panel
individually as is done in the beam and panel options of NOVA—2 rather

than analyzing the entire stiffened panel by NOVA—2S . If individual

structural components analyses are acceptable compared with the complete

stiffened structure analysis, there is, generally , an advantage of less

computer cost using the individual component analyses.
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Three stiffened panels were selected for analysis from the 6—52

aircraft structure which exhibit skin—stringer—frame type of construction.

These three stiffened panels were selected from reference 6 and are V

generally described as follows:

1) a three bay skin—stringer panel in the vertical fin bounded

between rudder stations 2 and 44 and between the aft auxilary

spar and closure beam (see figs. 19 and 20 of ref. 6);

2) a twelve bay skin—frame panel in the aft fuselage bounded V

between the upper and lower longerons and between stations 1357

V and 1477 (see figs. 8 and 11 of ref. 6); and

3) V an eighteen bay skin—stringer panel in the upper wing surface

bounded between the front and rear spars and between WS402 and

3
V
72 (see fig. 3]. of ref. 6).

The purpose of the models selected is only to serve as example

structures to evaluate the stiffened panel analysis versus individual

component analysis and not to analyze the vulnerability of the B—52

aircraft. Therefore, the model geometry and loading distributions will
V be idealized to produce syuunetry in both coordinate directions in order

to obtain more accurate solutions for the stiffened panels with the

available integration points and modes for comparison with the individual

component solutions .

The general information required by NOVA—2S involving the principal

dimensions of the B—52 aircraft are given in reference 6. Location V

dimensions of the selected stiffened panels are also given in reference 6.

The nuclear burst orientation relative to the aircraft for the vertical

fin and fuselage panels is from the side at orientation number 15 while

for the wing panel the orientation is from above at orientation number 9.

The pressure loadings on these panels were assumed to be uniform.

6. Leang, L. T. and Swaney, T. C., Analytical Models for the B—52H ,
EC— 135A and 747—200B Aircraft , Air Force Weapons Laboratory,
Kirtland AFB, AFWL—TR—72—l97, Vol. XI (B—52H Aircraft), July 1974. p
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The idealized structural models for the fin, fuselage and wing

stiffened panels are illustrated in figures 27 through 29. The geometry

of the stiffened panel models and the cross section dimensions of the

stiffeners are given in these figures. The general geometric and

material properties for the three stiffened panels are listed in tables 6—8

for the individual stiffener model, the pure panel model and the entire

stiffened panel model . In addition, the NOVA—2S analysis parameters,

such as, integration grid, modes, time increment and number of masses
are given in these tables. For all elastic—plastic panel solutions,

five integration points are used through the thickness of the skin

panel, and the webs of the various stiffeners are evenly divided into

usually four segments.

For elastic solutions of the individual stiffener, pure panel and

stiffened panel , the boundaries of these structures are clamped for the
evaluations and the range is keyed on threshold of permanent damage.
For the evaluation keyed on catastrophic damage both boundary conditions

of clamped and simply supported are used for all the structural models. V

The reason for using both boundary conditions in the elastic—plastic
V solutions is the uncertainty associated with the strain criterion at
the clamped ends for the beam analysis. In the beam analysis for large

inelastic deformation solutions, the special technique used to predict

the strain right at the boundary discontinuity results in extremely large
strains being determined at tne ideal clamped end boundary. The strain

gradient in this small local region near the end is extremely steep for

large inelastic deformations. The practically of this idealized strain

calculation at the clamped end of the beam analysis for establishing

catastrophic damage for real aircraft structure is uncertain at the

present time. In the comparison between the individual stiffener

solutions for catastrophic damage with pure panel and stiffened panel

solutions, the differences are distorted by this strain criterion at the

clamped end of the beam. However, the comparison is still partly

meaningful because that is what is used in the NOVA—2 code. To obtain a
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TABLE 6

GEOMETRIC AND MATERIAL PROPERTIE S OF THE VERTICAL FIN PANEL

Individual. Pure Stiffened
Stiffener • Panel Panel

Length (in) 42.0 42 .0 42.0
Width (in) — 10.9 32.7
Stiffener Spacing (in) 10.9 — 10.9

Thickness of Skin Panel (in) 0.032 0.032 0.032 -
Effective Skin Width (in) 3.2 — —

Mass Density (lb— s 2 /in4) 0.259 x l0~~ 0.259 x l0~~ 0.259 x l0~~
Torsional Constant (in4) — — 0.393 x lO~~
Number of Masses 10 — 

V 
—

Integration Grid - — 19 x 19 19 x 19
Number of Modes — 30 30
Time Increment (s) 9 x l0~~ 2 x lO

_6 
4 x lO

_6

Skin Panel Material Stiffener Material
(2024—T3 AL) (7075—T6 AL)

Modulus of Elasticity (psi) 10.5 x 106 10.4 x 106

Shear Modulus (psi) 4 .0 x 106 4.0 x io6

Poisson’s Ratio 0.33 0.33

Yield Stress (psi) 50000 70500
Strain Hardening Slope (psi) 1.24 x l0~ 5.9 x

Ultimate Strain (in/ in) 0.15 0.1

1

S
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TABLE 7

GEOMETRIC AND MATERIAL PROPERTIE S OF THE AFT FUSELAGE PANEL

Individual Pure Stiffened
Stiffener Panel Panel

Length (in) — 10.0 120.0

Subtended Angle (deg) 57.5 57.5 57.5

Radius (in) 106.5 108.0 108.0

Stiffener Spacing (in) 10.0 — 10.0

Thickness of Skin Panel (in) 0.064 0.064 0.064

Effective Skin Width (in) 1.92 — —
Mass Density (lb—s

2/in4) 0.259 x lO~~ 0.259 x 1O~~ 0.259 x l0~~
Torsional Constant (in4) — — 0.959 x l0~~
Number of Masses 15 — —

Integration Grid — 15 x 23 19 x 19

Number of Modes — 26 30

Time Increment (s) 10 x 10 6 2 x l0 6 8 x lO
_6

Skin Panel and Stiffener Material
(7075—T6 AL)

Modulus of Elasticity (psi) 10.4 x io6

Shear Modulus (psi) 4 x 106

Poisson’s Ratio 0.33

Yield Stress (psi) 70500

Strain Hardening Slope (psi) 5.9 x ~~~
Ultimate Strain (in/in) 0.1
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TABLE 8

GEOMETRIC AND MATERIAL PROPERTIES OF THE UPPER WING PANEL

Individual Pur e St i f fened
Stiffener Panel Panel

Length (in) 30.0 30.0 30.0

Subtended Angle (deg) - 1.005201 18.093624

Radius (in) — 404.695 404.695

Stiffener Spacing (in) 7.1 — 7.1

Thickness of Skin Panel (in) 0.271 0.271 0.271

Effective Skin Width (in) 5.6 — —
Mass Density (lb—s 2in4 ) 0.259 x 1O~~ 0.259 x l0~~ 0.259 x 10~~
Torsional Constant (in4) — — 0.0131

Number of Masses 15 — -

Integration Grid — 19 x 15 15 x 28

Number of Modes — 28 28
Time Increment (s) 2 x lO

_6 
1.5 x lO

_6 
4 x lO

_6

V 

Skin Panel and Stiffener Material
(7075—T6 AL)

Modulus of Elasticity (psi) 10.4 x io6

Shear Modulus (psi) 4 x io6

Poisson’s Ratio 0.33

Yield Stress (psi) 70500

Strain Hardening Slope (psi) 5.9 x La4

Ultimate Strain (in/in) 0.1
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more valid comparison which is not shadowed by uncertainty in the

critical strain criteria, the beam, pure panel and stiffened panel

models also are used with simply supported boundary conditions which

shifts the critical strain location away from the boundaries. With the

simply supported boundaries all three structural models used in the
evaluation are compatible on a criteria basis.

The results of this evaluation based on response and slant range

comparisons are given in tables 9 and 10, respectively. Table 9 gives

elastic and inelastic response comparisons at constant slant range

(equal loading) between the individual structural elements and the

stiffened panel analysis for the three structural configurations. The

evaluation is based on the comparison of the CRIT values determined at

the range at which CRIT is approximately unity for the weakest structure.

CRIT is the ratio of the critical stress or strain response - parameter in

the structure to the yield stress value for threshold of permanent

damage or ultimate strain value for catastrophic damage .

In all cases considered in this evaluation, the individual stiffener

was the weakest structure. Therefore , the range (or loading) which
produced yielding for the elastic response or fracturing for the elastic—

plastic response in the individual stiffener is used as the basis for

the comparison between the individual element analysis approach and the

stiffened panel analysis. The percentage difference tabulated in

table 9 indicates the error introduced by using the individual element

approach instead of the more correct stiffened panel analysis.

To further illustrate the differences in the structural response

for the two analysis approaches under the same loading, figures 30—40

show selected comparisons for displacement, stress, and strain time
histories . For elastic solutions, comparisons were made for the center
displacement response on the central stiffener, the end stress or strain

response of the central stiffener, and the stress or strain response at

some position on the skin panel adjacent to the central stiffener. It

should be noted that skin panel comparisons are also influenced by

70
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TABLE 9

RESPONSE COMPARISON AT CONSTANT SLANT RANGE

Vertical Fin Panel

Type of Response Elastic Elastic—Plastic Elastic—Plastic

Boundary Condition Clamped Clamped Simply Supported

Analysis Approach CRIT 7. Diff. CRIT 7. Diff. CRIT 7. Diff. J
Individual Elements 18.7 822 227

a) Stiffener 1.0 1.005 0.99

b) Panel 0.781 0.0486 0.0986

Stiffened Panel 0.843 0.109 0.31

Aft Fuselage Panel

Analysis Approach CRIT 7. Diff. CRIT 7. Diff. CRIT % Diff.

Individual Elements 51.4 1187 2094

a) Stiffener 0.952 1.03 1.108

b) Panel 0.794 0.117 0.0623

Stiffened Panel 0.629 0.08 0.0505

V 
Upper Wing Panel

Analysis Approach CRIT 7. Diff. CRIT 7. Diff. CRIT 7. Diff.

Individual Elements —10.5 321 891

a) Stiffener 0.98 0.94 1.03

b) Panel 0.81 0.275 0.074

Stiffened Panel 1.095 0.223 0.104
r

S
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TABLE 10

DIFFERENCE IN SLANT RANGE BETWEEN IND IV IDUAL
ELEMENT APPROACH AND STIFFENED PANEL ANALYSIS

Damage Criteria TPD CD CD

Boundary Condition Clamped Clamped Simply Supported

Structural Configuration Percentage Difference

Vertical Fin Panel 15.9 138 32.7

Aft Fuselage Panel 24.3 44.1 34.4

Upper Wing Panel V ..4.04 11.1 56.6

TPD denotes threshold of permanent damage

CD denotes catastrophic damage

I

S
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Figure 32. Comparison of Outer Surface Edge Stress Response
on the Panel Skin of the Vertical Fin Stiffened
Panel (Elastic Solution) -
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Figure 36. Comparison of Center Displacement Response
on the Stiffener of the Aft Fuselage
Stiffened Panel
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solution accuracies, since, for the multi—bay models, only a few inte-

gration points are available within each panel bay compared to solutions

for individual panels. These figures show response comparisons mainly

for the elastic response of the fin, aft fuselage and wing panels.

In the elastic—plastic response comparisons, the differences,
generally, were too large to provide meaningful time history comparisons.
Comparisons for elastic—plastic response are shown in figures 33—35
only for the vertical fin panel with simply supported boundaries. The

very large differences indicated for the elastic—plastic response com-

parisons are somewhat misleading, since the plastic collapse and in some

cases the buckling of the curved panels accelerate the response rapidly

near the failure loading.

A better indication for these comparisons, especially for catas-
trophic damage, are given in table 10 where differences in slant range

are given for the same damage level. Table 10 shows the percentage

differences in slant range between the individual element approach and

the stiffened panel analysis based on threshold of permanent damage and

catastrophic damage. From the response and slant range comparisons

given in tables 9 and 10 and figures 30—40, the following general

observations are made :

1. There are significant differences between the solutions from
the stiffened panel analysis and the individual structural

element analyses, whether the comparisons are based on response

parameters or slant range. These differences are less for

elastic response than inelastic response. The percentage

difference is reduced when compared on the basis of slant

range.

2. In all three stiffened panel configurations the stiffeners

were the critical structural members in both regions of

response.
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3. The individual stiffener structural model was always weaker

than the stiffened panel model, except for the elastic solutions

of upper wing panel configuration. This exception occurred

because the skin of the panel is very thick, so that the

computed effective width of the skin produced a significant
skin segment in the individual stiffener model.

4. From figures 30—38, which show selected comparisons for the

f in and aft fuselage panels, the response time histories

indicate that the time of peak response is less for the

stiffened panel models. Thus, as might be expected, the

stiffened structured models are higher frequency than the

corresponding individual stiffener models.

5. In the use of NOVA—2S, the slant range is the more important

parameter on which to draw a conclusion from this evaluation
of stiffened panel analysis versus individual element analysis.

From table 10 the percentage difference in slant range are

between 4 percent and 24 percent for threshold of permanent

damage and between 11 percent and 138 percent for catastrophic

damage. These differences are significant and become even

more significant in terms of a volume envelope. It is there-

fore concluded that the Stiffened panel analysis should be

used instead of the individual element technique for stiffened

panels as described in this report. The individual element

technique is still useful for many aircraft structures, such

as pure panels bounded by ribs, spars or bulkheads, ribs
analyzed for buckling, and configurations with free or spring

supported boundary conditions.
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SECTION V

COMPUTER PROGRAM DESCRIPTION

This section outlines the changes made in the computer program,

including dimension changes and preparation of the input data. The user

is referred to reference 1 for full documentation of the NOVA—2 computer

code.

The postscript “5” in NOVA—2S refers to the addition of discrete

stiffeners in the DEPROP model, as described earlier. Although the most

significant change, this was not the only modification. A brief summary

of the changes follows:

In the NOVA routines, a fuselage loading option was added to

permit either a circumferentially uniform or nonuniform blast load for

beam or panel elements. Previously only frames and radome elements

received the nonuniform load. The change necessitated modifying the

NOVA input slightly.

In DEPROB, the maximum allowable flanges in the cross—sectional

model (NLK) was increased from 20 to 21 in order to provide better

representation of certain elements.

The summary output for DEPROB and DEPROP iterative runs was modified

to indicate the type of damage corresponding to the CRIT used . For

example, threshold—of—damage criteria for a frame can be either tensile

or compressive yielding of the material, or a compressive buckling of

the outstanding leg.

Several major changes were made in DEPROP. The most significant

was the addition of stiffeners in either coordinate direction in the

panel model. These stiffeners must be located at the grid lines in the

spatial integration model, but can be located either on the inside or V

outside of a multilayered panel and in the interior of a sandwich panel.

The cross section is modelled in a manner similar to the DEPROB models.
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The cross section can vary along the length of the beta (8) stiffeners

(stiffeners running parallel to the beta axis), but not for gamma (y)

stiffeners (see figure 1). Stiffeners can be of different construction

and material , but are assumed to be attached at each grid point in the

system.

The inner and outer flanges are monitored for maximum CRIT at each

grid point and the results printed out at the conclusion of the run .
The criteria used are the same as for stringer elements in the DEPROB

models.

In general, the stiffeners introduce coupling in the mass matrix

and this capability was added. It was made optional, however , because
the matrix algebra requires considerable storage and computer time, and

may not be significant for all problems. By rejecting the option,- only

the diagonal terms of the mass matrix are included.

In addition to including stiff eners, the modal representation of

the panel response was expanded to include non—symmetric mode shapes.

Thus, either a non—symmetric panel or a panel subjected to a non—symmetric
load can be analyzed This change necessitated changing the numbering
system of the modes, since the even—numbered modes had been automatically

excluded in the old system. 
V

Printout of the stresses, strains and displacements at user—selected

spatial locations has been added, whereas before, the program auto-

matically printed out every third spatial point in both coordinate

directions and the points along the boundaries and lines of synunetry.

The user now has complete control over the printout, making for more

efficient use of output. For maximum CRIT, however, the program con-

tinues to automatically check every spatial location.

A formulation similar to that employed to treat the discrete
stiffeners was used to replace the “equivalent layer” treatment of

honeycomb metal panels undergoing catastrophic damage (KTYPE=3 , KDAN=l

or 101) . This method involves two integration points through the
thickness (LBAR 2), one in each face sheet.
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The deck structure of DEPROP was modified somewhat with the addition

of three routines associated with the stiff eners, MATXIN , SIGNAB, and
STIFF. Separately, the routine DERV2 was broken down into two routines,

DERV1 and DERV2. Several common blocks were also changed in DEPROP.

Subsection 5.5 of this report deals with a special version of

NOVA—2S called NOVA—2LTS. The blast and aerodynamic subroutines have

been replaced by analytical and tape—supplied pressure data to permit

correlation with experimentation.

The final subsection documents an example problem intended to

provide the user with both an example of program input and modelling,
and a check on the computer program.

5.1 SUBROUTINES AND COMMON BLOCKS

Three new routines were added to DEPROP: MATXIN, SIGMAB and STIFF.

Subroutine STIFF sets up all the constants associated with stiffened

panels. If the inertia coupling is included , it calls MATXIN which
inverts the mass matrix. SIGMAB calculates the inelastic stresses for

option NDERV=2 associated with the stiffeners. V

Subroutine DERV2 was separated into two routines, DERV1 and DERV2,

because of the length of the original routine and the logical differences

which exist. DERV1 calculates displacements , st rains , and stresses ;

DERV2 calculates accelerations .

Table 11 lists the 107 routines of NOVA—2S and table 12 lists all

the associated common blocks. Common block IFIRST was added so that the

first  storage location (101) contains an integer variable monotonically
increasing in value as long as the program is running normally. This

can be checked by the operator.

Two versions of NOVA—2S , representing different dimensions for the

program DEPROP, are documented. The smaller version can be run on the 
- V

Control Data Corporation (CDC) 6600; the larger version can only be run

using LCN on the CX 176, or an equivalent system.

S
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TABLE 11
- LIST OF SUBPROGRAMS OF NOVA-25

NOVA DEPROP DEPROB

NOVA WFDZR DEPROP DEPROB
BLOCK WELL BOLT COMP1
IODUM WFPRMT DERV1 COMP 2
SEC WFVZR DERV2 CONSET
NIN WFVRNT DSET1 CYCLE
NEWSL AIR DSET2 DAB
NOVSIJM WFPKOP DSET3 DEFORM
RITC RVEFRA DTSTEP DPUR
RITER OPT1 HIM EQUILP
CSETUP OPT2 LEGEND EQUILX
INTP OPT3 LIST1 PB
PINIT ADVANC LIST2 FBCTL
SOLVE BISH MATXIN FESET
BLAST READ RELAXP FINAL
XBLAST POSTAP SIGMA FSOL
HYDRA SKIP SIGMAB PRINT 1
IOPT1 FPRES STIFF READ1
IOPT2 INTSLO RESD
IOPT3 PFUSE RESET
AThOS PJIJNP
MATM62 POSTW1 RLAXF
SHOCK POSTW2 SLAY
TPINT POSTW3 STRESS
INTl POSTW4 STRESX
INT2 POSTW5 STRN1
WFZR POSTW6 STRN 2
WFPKOD POSTW7 STSET
WFPR PRESS TSTEP
WFPKV PREW VCS
WFDRNT SEN

WPR.ES

S
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TABLE 12

COMMON BLOCKS AND SUBPROGRAMS USING THEN IN NOVA-2S

Common Length
Block (Decimal) Subprograms

CDC 6600 CDC 176

FIRST 1 1 NOVA*, DEPROP, DEPROB, DEFORM

CNOVA 546 605 NOVA, NIN, NEWSL , NOVSUN, RITC,
CSETUP , BLAST, XBLAST , PINIT , FPRES,
PRESS , PREW, WPRE S, DEPROP , DSET1,
DSET2, DSET3, DERV1, DERV2, DTSTEP ,
LIST1, LIST2 , SIGMA, STIFF , DEPROB ,
COMP1, COMP2, COMSET, CYCLE , DEFORM,
EQUILP , EQUILX , FE, FINAL , PRINT1,
READ1, STRESS , TSTEP

DNOVA 2858 2858 NOVA , BLOCK, NIN , NEWSL, NOVSUM,
RITC , BLAST, XBLAST, PINIT , FPRES,
POSTW 1, POSTW 2, POSTW3, POSTW4 ,
POSTW5 , POSTW6 , POSTW 7, PRESS , PREW,
SETW, WPRES

CTLX 2 2 NOVA, BLAST, REPRA, FPRES, WPRES

CONSTC 15 15 HYDRA, IOPT1, IOPT2, IOPT3

SCALEC 5 5 HYDRA , [OPT1 , IOPT2, IOPT3, SHOCK

WFRT 13 13 SHOCK, WFPKOD, WFPR , WFPKV, WFDRNT ,
WELL , WFPE}IT, WPVRNT

REFRAC 7495 7495 REFRA , OPT1, OPT2, ADVANC, READ,
SKIP

PW1 23 23 POSTW1, POSTW2, POSTW3, POSTW4 ,
POSTW5, POSTW6, POSTW7 , SETW ,
WPRVES

CBLK]. 894 1159 DEPROP, BOLT, DSET1, DSET2, DSET3,
DERV 1, DERV 2, DTSTEP, LEGEND , LIST1,
LIST2 , SIGMA, SIGMAB , STIFF 

V

CBLK2 4547 5487 DEPROP , BOLT , DSET1, DSET2, DSET3,
DERV1, DERV2, DTSTEP , STIFF

*Underlined routine in each group owns that common block in
segmentation setup.
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TABLE 12 (Continued)

Common Length
Block (Deci”~al) Subprograms

6600 176

CBLK3 12 12 DEPROP , DSET1, DSET2, DSET3, DERV2,
LEGEND, SIGMA

CBLK4 589 589 DEPROP , DSET1, DSET2 , DSET3, DERV1,
DERV2, SIGMA

CBLK5 1185 1185 DEPROP , DSET1, DSET2 , DSET3, STIFF

CBLK6* 25270 29400 SIGMA

CBLK7 23 23 DEPROP , DSET1, DSET2 , DSET3 , LIST2 ,
SIGMA, SIGMAB, STIFF

CBLK8 148 148 DEPROP , HIM

CBLK9 163 184 DEPROP, DSET1, DSET2 , DSET3, LIST1,
LIST2

CBLK1O 5415 6300 DEPROP , DSET1, DSET2 , DSET3, DERV1,
DERV2, LIST1, LIST2

CBLK11 12 12 DEPROP , DSET1, DSET2 , DSET3, DERV1

CBLK12 22638 22638 RELAXP

CBLK13 9 9 DEPROP , DSET1, DSET2, DSET3, DTSTEP ,
STIFF

CBLK1S 5755 10547 DEPROP , DERV1, DERV2, DSET1, LIST1,
LIST2, SIGMAB, STIFF

CBLK16* 2944 5376 SIGMAB

CBLK17* 7203 7203 DEPROP, DERV2, STIFF

CBLANX* 14259 16501 DEPROP, DERV1, DERV2, DSET1, DSET2,
DSET3 , LIST1, LIST2 , SIGMA, SIGNAB,
STIFF V

*Msigned to Level 2 storage on CDC 176.

V 
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TABLE 12 (Concluded)

Common Length
Block (Decimal) Subprograms

____________ 6600 176 ___________________________________________

BLK2 12717 12717 DEPROB, COMP1, COMP2, COMSET, CYCLE ,
DAB, DEFORM, DPTJR, EQUILP , EQUILX ,
FB, FBCTL , FBSET , FINAL , FSOL , PRINT1,
READ1, RESD, RESET , SLAY, STRESS,
STRESX, STRN1, STRN 2, STSET, TSTEP ,
VCS

BLK3 466 466 DAB, DEFORM, DPUR, FSOL, RESD , RESET ,
STSET

BLK4* 7216 7216 RLAXB

BLK5 21 21 RLAXF

BLK6 2369 2369 COMP1, COMP 2, COMSET , DEFORM, FB ,
FBSET , PRINT1, STRESS, STRN1, STRN2

*Msigned to Level 2 storage on CDC 176.
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5.2 MAXIMUM PROGRAM DIMENSIONS

Nearly all of the dimensioned variables appear in labelled common,
and the. current maximum dimensions are indicated in tables 13 through 15.

The variable associated with each dimension is listed in case the user

should want to change program dimensions. These tables should also be

consulted when making up input for the program to be sure the dimensions

are not exceeded.

There are a few other changes to be made when the dimensions are

changed , and these are listed in table 16. The new integer variables

which represent maximum dimensions, along with the list of dimensions of

the new program variables, make up table 17.

5.3 PROGRAM INPUT

Input instructions remain the same (reference 1), except for two
minor changes in the NOVA input, and a complete overhaul of DEPROP.

Groups 10, 27 and 28 of the NOVA data change (see the new instructions

in tables 18 and 19). Group 20 permits the user to make a response run,
yet still receive output indicating maximum response, or CRIT. For

KDAN = 100 (or 101) the program executes as if KDAN = 0 (or 1), except
that only one iterative trial is permitted; otherwise there Is no

difference. For KDAN 2, a response run without any iterative information
is mad.~.

An extra input parameter, NU, is added to Group 27. This parameter

gives the user the choice of either a uniform load or a circumferentially

varying load on certain fuselage elements. Table 20 lists the new

options. Previously , radomes and frame elements received the varying

load; panels, stringers and longerons received a uniform load.

The parameter NFP locates the element longitudinally on the air-

craft, while THETAR 
~°R~ 

locates the element circumferentiai.ly. Both

parameters should correspond to the center of the structural element, or

that point on the structure at which the loading is desired. See

figure 19 of reference 1 for the definition of 8R in the Aircraft

Axis System (AAS), and note that the DEPROB coordinates (V , W) in the
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TABLE 13

DIMENSIONS OF VAR IABLES FOR NOVA ROUTINE

VARIABLE DIMENSION

MMAS1 28

NEL 20

NFS 20

NLE2 5

NLEHT 5

NLEVT 5

NLEW 5

im~ss3 40

NORMAX 30

NORMAX*NEL 100

NTh2 5

NTEHT 5

NTEVT 5

NTEW 5

NTP1+1 1000

1MBAR in DEPROP

p 
2NLE must be largest of NLEHT, NLEVT, NLEW and NTE must be largest of

NTEHT , NTEVT , NTEW

must be the largest of N in DEPROB and NBAR in DEPROP
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TABLE 14

DIMENSION OF DEPROB VARIABLES

VARIABLE DIMENSION

NX1 10

N 2 40

NL3 8

NLK 21

NSL 5

NSSC4 5

NSSCT4 5

‘
~The program automatically assigns NX or fewer flanges to each layer,
so NX should usually be four or six since the sum of all flanges must
not exceed NLK

2NNASS in NOVA
3For a uniform beam, the program may add one layer , so the actual
limit on input would ordinarily be seven

4The number of distinct slopes defined by NSSC and NSSCT, excluding
zero slope segments, must not exceed NSL

• 95
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TABLE 15

D IMENSIONS OF DEPROP VARIABLES

VARIABLE DIMENSION

6600 176

LBAR 6 6

MB 13 13

MBAR1 23 28

MBAR*NBAR*LBAR2 1805 2100

MG 13 13

MGMB3 49 49

NBAR4 23 28

NGNBT~MBAR*NBAR 361 420

NKP 46 46

NL 8 8

NSG 4 9

NSB 4 6

NSMAX 8 8

NSG*MBAR+NSB*NBAR 92 168

1MMASS in NOVA

2This constraint is only significant for an elastic—plastic run
(NDERV—2) . Four possible combinations using maximum dimensions
on the 6600 are: (l7x17x6), (l9x19x5), (23x15x5), (15x23x5).
Possible combinations on the 176 include: (28x15x5) and (18x18x6).

3The total number of modes selected (MGMB) from the total possible
(MB*MG) cannot exceed 49

4
~~ ss in NOVA
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TABLE 16
PROGRAM CHANGES REQUIRED BY DIMENSION CHANGES

Also Change the Fixed—Point Number in the
When Changing 

_______________ 
Indicated Statement

the Dimensions -

Corresponding to: Routine Subroutine Location

NORNAX NOVA NOVA 5~~
NORMAX*NEL NOVA NOVA 57 0+6

NTP1+l NOVA WPRE S 43-2

LBAR DEPROP LEGEND 3O0~
1l

MG*MB*3 DEPROP RELAXP 20+1

NL DEPROB COMP1 5Q 7

NSL*NLK*2* (N+l) DEPROB co~wi
NLI( DEPROB COMP1 5O~~
NSL DEPROB COMP1 5Q_4

N*2+2 DEPROB RLAXB 40+3

1The location code is read as follows: s~~ refers to the nth lineafter statement number s.
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TABLE 17

NEW DEPROP VARIABLES

AASB(NSEGB,NBAR,NSB) Area of segment in 8—stiffener, in
2
.

AASG (NSEGG,NSG) Area of segment in y—stiffener, in
2
.

ALX(LXNAX) Storage for stiffener stress—strain, ~~~.

ASB(NBAR ,NSB) Area of cross—section in 8—stiffener, in2.

ASG(NSG) Area of cross—section in y—stiffener, in2.

AU (MGNB,MGMB) Inverse of inertia matrix in u—direction,
[—M ] 1, in4/lb—s2.

AV (MGMB,MGMB) Inverse of V—inertia matrix, in~/lb—~
2.

AW (MGMB,MGMB) Inverse of W—inertia matrix, in4/lb—s2.

*BETC(NBAR ,NSB) 8—position for 8—stiffener input, in or deg.

BEX (LXMAX ) Storage for stiffener stress—strain, 8.

*BIGJB(NBAR ,NSB) Torsion constant for 8—stiffener , in
4.

*BIGJG(NSG) Torsion constant for y—stiffener, in4.

*ESTB(NSEGB,NBAR,NSB) Width of segment in B—stiffener, in.

*BSTG(NSEGG,NSG) Width of segment in y—stiffener, in.

CAl Constant equal to 2L2R.

CA2(NSG) Constant equal to 6L2(ii—1)/a8 hH,~ at
the kth 8—position of a y—sti~fener.

CA3(NSB) Constant equal to 6L2(M—1)/thH at the
jth y—position of a B—stiff ene~ .

*
C11G(NSG) Stiffness constantk C11/a, for ay—stiffener, lb/ in’.

C22B (NBAR,NSB) Stiffness constant
~ 

C22/a for a
B—stiffener , lb/ in’.

D11G(NSG) Stiffness constant D1~/a3, for a
y—stiffener, 1b/ in~.

S
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TABLE 17 (Continued)

* 3
D22B(NBAR,NSB) Stiffness constant1 D22/a , for a

B—stiffener, lb/ in’.
* 3

D33B (NBAR ,NSB) Stiffness constant1 D33/a , for a
8—stiffener, lb/ in’.

* 3D330(NSG) Stiffness constant, D33/a for a
y—stiffener , lb/in2.

EPOB(NSB) Yield strain for B—stiffener, in/in.

EPOG(NSG) Yield strain for y—stiffener, in/in.

*EPsB(N$B) Ultimate tensile strain for B—stiffener,
in/in.

*EPSG(NSG) Ultimate tensile strain for y—stiffener,
in/in.

*ESTRB(NSB) Elastic modulus, E, for 8—stiffener,
lb/ in2.

*ESTRG(NSG) Elastic modulus, E, for y—stiffener,
lb/in2.

*ETSTRB(NSB) Strain—hardening slope, E
~

, for B—stiffener,
lb/ in2.

*ETSTRG(NSG) Strain—hardening slope, E~ , for y—stiffener,
lb/ in2.

EXl(L~ (AX) Storage for stiffener stress—strain, c1.

F11G(NSG) Stiffeners constant, F1~/a 2, for a
y—stiffener, lb/in2.

* 2F22B (NBAR ,NSB) Stiff ness constant1 F22 /a , for a V.

8—stiffener, lb/ in’.

*GBAi~B(NSB) Shear modulus, C, for a 8—stiffener, lb/in2.

*G~ J~G(NSG) Shear modulus, C, for a y—stiffener , lb/in
2.

*HOB(NBAR,NSB) Gap between B—stiffener and panel, h0, in.

*HOG(NSG) Gap between y—stiffener and panel , lie,, in.

*HSTh(NSEGB,NBAR,NSB) Distance from inner panel surface to the
£th segment of B—stiffener, h0, in.
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TABLE 17 (Continued)

*HSTG(NSEGG ,NSG) Distance from inner panel surface to

- . 
the Q,th segment of y—stiffener, h , in.

*KCOUP Code indicating whether the full inertia
coupling is to be included: 0, only
diagonal terms; 1, yes.

Mesh—point number (B), when paired with
- KPG , specifies printout locations.

*IcLPG(NEP ) Mesh—point number (y), when paired with
• - KPB , specifies printout locations.

*KSB(NSB) Gamna—point location of 8—stiffener
(y grid—point number) .

KSBX(MBAR) Beta—stiffener number corresponding to
each 

~ 
grid point (zero for no stiffener).

*KSG(NSG) Beta—point location of y—stiffener
(B grid— point number).

KSGX(NBAR ) - 
Gamma—stiffener number corresponding to
each B grid point (zero for no stiff eners) .

KSTIF Total number of stiffeners in model.

KSUMB (NSGMB ) Number of z poin ts in stif fen ers which
have not yielded during response.

*KSUPB(NSB) Support code for outstanding leg of
B—stiffener (0, 1, or 2).

*KSUPG(NSG) Support code for outstanding leg of
y—stiffener (0, 1, or 2).

KYX(L~ 1AX) Code in elastic—plastic response indicating
number of times a stiffener integration
point has yielded, unloaded , etc.

LXMAX Total number of integration points in
stiffeners, equal to

• NSG NSB
MBAR ‘ ~ NSEGG(I) + NBAR • Z NSEGB(J)

1—1 J—l

S
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TABLE 17 (Continued)

MFIRST Code indicating whether any stiffener has
yielded (0, no; 1, yes).

NFIRST Code indicating first pass through
routine SIGMAB.

Number of spatial grid points for which
printout of strains, stresses, displacements,
and pressures is required.

*N5B Number of B—stiff eners (stiffener parallel
to the B—axis).

*NSEGB(NSB) Number of segments (layers) in the
B—stiffener.

*NSEGC(NSG) Number of segments (layers) in the
y—st iffener .

*NSG Number of y—st iffeners (stiff eners parallel
to the ‘~‘—axis).

NSGMB Total number of grid points involving
stiffeners, equal to NSG*MBAR+NSB*NBAR.

NSMAX Maximum number of segments in any stiffener —

gamma or beta.

*NSTB(NSB) Number of B—stiffeners which define cross-
section for 8—stiffener (NBAR).

*NS’~4~ Symmetry code for panel model in 8—direction:
0—symmetric ; 1—not symmetric .

*NSThG Symmetry code for panel model in y—direction:
0—symmetric; 1—not symmetric .

NU SE (NBAR,MBAR) Use—code for the spatial integration
stations: 0—not used ; 1—printout only ;
2—integration only; 3—both .

PRLU(MGM.B) Diagonal terms of t~— stj ffn ess  matrix ,
in4 /lb— s2 .

PRLV(MGMB ) Diagonal terms of v—stiffness matrix ,
in4/lb—s2.

*
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TABLE 17 (Concluded )

PRLW(MGMB) Diagonal terms of w—stiffness matrix,
in4/ lb—s2.

*~J~OSTB(NSB) Density of B—stiffeners, p ,  lb—s 2 /in4 .

*R,}IO5TG(NSG) Density of y—stiffeners, p
5. lb—s

2/in4.

*SIDEB(NSB) Input code designating lo’.ation of B—stiffener:
—1.0, inner (exterior to panel); +1.0,
outer; +2.0, internal (honeycomb only);
+3.0, inner with panel crimped at stiffener
locations. After input, variable takes on
a value of 1.0 unless crimped, when it ia 0.0.

*SIDEG(NSG) Same as SIDEB, only for y—stiffeners.

*SIGOBC(NSB) Compressive yield stress for B—stiffener ,
lb/in2 .

*SIGOBT(NSB) Tensile yield stress for B—stiffener,
lb/ in2.

*SIGOGC(NSG) Compressive yield stress for y—stiffeners,
lb/in 2 .

*SIGOCT(NSG) Ten~i~e yield stress for y—stiffeners,
lb/ in

SIX].(LXMAX ) Storage for s t iffener stress—strain,

SX(LXMAX) Stress in stiffeners, lb/i n2 .

ZFB(NSMAX ,NSG+NSB*NBAR) z—position in stiffener for integration , in.

ZSTB(2 ,NBAR ,NSB) z—position on inner and outer surfa’ es of
8—stiffener , in.

ZSTG (2 ,NSG) z—position on inner and outer surfaces of
y—stiffener , in.

Asterik (*) indicates an input variable.
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TABLE 18
REVIS ION OF NOVA DATA GROUP 10

Group 10: (2112) KDAN, KALT

Range iteration/damage code (KDAM )

0, iterate to determine range at which
permanent damage first occurs.

1, iterate to determine range at which

catastrophic damage occurs.

2, determine structural response only at

specified range.

100, same as ICDAN 0, except only 1 trial
in iteration.

101, same as KDAM 1, except only 1. trial

in iteration.

Constant altitude (KALT)

0, no restriction on iteration.

1, iteration restricted to constant altitude.

Note: KALT is not necessary for EDAN 2. Otherwise

KALT must be 1 if both KB and KGRD are 1.

If KDAN — 3, skip to GROUP 12.

• 
-F
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TABLE 19
REVISION OF NOVA DATA GROUPS 27 AND 28

Group 27: (2112) NFP , ND

The n~
_ ber of the fuselage section (from the table

of values supplied in Group 24) at which pressures

are desired, i.e., the section at which the structural
element if located. (NP?)

Code for circumferential variation of load:

0 — circumferentially varying load.

1 — uniform load.

Note: If the structural element is a radome (KTYPE,7),

skip to GROUP 29.

Group 28: (Fl2.l) T}IETAR

Angular location of the center of the structural

element on the circumference of the equivalent, circular

section for the fuselage (figure 19 of reference 1). For

a uniform load (NU 1) this locates the point at which

the pressures are applied. (—r < < ir) (THETAR) , rad.
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1~ TABLE 20
GROUPS 27 AND 28 DATA OPTIONS FOR LOADING FUSELAGE ELEMENTS

Fuselage Group 28 data Group 28 data for
Element KTYPE for Uniform Load non—uniform Load

( N D — i )  ( N T J — O )

Panel < 5

Stringer 6 Not possible

Frame 7 °R e
R can be anything*

Radome 8,9 Not possible not inputted*

*For these cases, the V , W coordinates (or O~ , ~~ 
(LAS) in DEPROB

must locate the beam elements circumferentially.
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Local Aircraft System (LAS) align with (y, z) in the AAS . The DEPROB
angle 6 , though , is not defined in the same manner as 0R (pag e 274 of
reference 1).

The only input instruction which is modified in the DEPROB section

deals with the KSUP parameters of Group 1. KSUP is not needed for cases

where there is not a threshold—of—permanent change requirement; i.e.,

for KDAN 1, 2 or 101.

The DEPROP input has been changed significantly, although much of

it remains the same. Even so, the entire set of input instructions is

documented in table 21 to facilitate the preparation of an input deck.

Specific input instructions follow several paragraphs of general remarks.

The user is reminded to compare all input variables with the maximum

dimension provided in the program, as delineated in table 15. This is

very important since the program does not attempt to check the input for

such violations.

Group 1 contains the number of modes to be used in the solution and

the number of integration points to be used. The accuracy of the

solution is based on the degree of convergence of stress and strain

quantities. These quantities converge less rapidly than the radial

displacement. Also, cases involving a clamped edge condition will

converge less rapidly than simply—supported cases. Since both computer

time and accuracy increase with more modes and points, a trade—off

usually becomes necessary. Although the program allows up to 13 gavnna

modes and 13 beta modes to be used, only a small number of modal com-

binations are normally required, as will be discussed shortly.

The actual mode numbers are specified in Groups 2 and 3. The

maximum value that the mode numbers can assume in the program is 19.
When symmetry is taken in either direction (Group 4, or if the pressure

loading is symmetrically oriented , only the odd numbered modes (1, 3,

5, ...) are required in that direction.
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In general, a minimum of sixteen modal combinations should be used

for a symmetric panel, and it is recommended that at least 25 be used

for clamped panels where edge stresses and strains are important. The

maximum number of combinations permitted is 49 (see the discussion of

data groups 6 and 7).

Spatially, the optimum number of integration points (NEAR and NEAR)

for a full panel should be approximately two times the maximum mode
- number used in that direction, plus three. However, when NBN or NGM is

large, this condition may not be satisfied for nonsymmetrical panels,

since MBAR and NBAR are dimensioned at 23 (28 on the CDC 176) in the

program (see table 15). For symmetric solutions, MBAR (or NEAR) need

only be approximately one—half the value for a full panel since only

one—half (or one quarter) of the panel is actually analyzed in the

solution. For a nonsymmetric condition, MBAR (or NEAR) must be an odd

number. For an elastic—plastic solution, a minimum of four integration

points through the thickness is recommended , and a maximum of six is

provided in the program. The exception is a metal honeycomb panel where

only two points are used.

In Group 5, the user is given the option of a purely elastic

solution, or an elastic—plastic solution. The elastic—plastic option

will tend to be slower and require more computer memory. The second

option (elastic—plastic) must be used for metal panel solutions which

iterate to a catastrophic damage level (KTYPE — 1, 3; KDAN = 1, 101).

Group 5 also specifies the number of stiff eners in the model and

whether the full coupled mass matrix is used, or only the diagonal

terms. The advantage of only using the diagonal terms is to reduce the

computer time; however, the savings is not that much and it is recom-

mended that the full matrix be used for a more accurate solution

(KCOUP = 1).

A gamma stiffener is defined as a stiffener running parallel to the

(x , y) axis and the beta stiffener is defined similarly. These stiffeners

must be located on either a y or B grid line and are assumed to be
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attached at each grid line intersection. If all the gamma stiffeners

are of identical construction, NSG should be inputted as a negative

number (i.e., —3 for three identical stiffeners) which will eliminate

unnecessary input. And the same instruction applies to NSB for beta

stiffeners.

Groups 6 and 7 provide a mechanism for selecting a maximum of 49

modal combinations from a 13 by 13 combination array (14G—NB”l3). Thus,

the more significant modal combinations for an optimal solution with

respect to accuracy and computer time can be selected and the other

combinations eliminated . A general rule of thumb is to eliminate the

higher frequency modes which are usually associated with modal com-

binations having the larger MGI-MB values. An example of this would be

the selection of MG M3 7 for a symmetric problem, but eliminating

24 combinations as indicated in figure 41. The relative importance of

each modal combination can be evaluated by examining the response output

and comparing the magnitudes of the displacement coefficients.

Groups 8 and 9 are responsible for selecting the points in the

integration grid for which printout of strains, stresses, displacements,
and pressures is required. Strains and stresses are computed at the

inner and outer surfaces of the panel layers and stiffeners. Each point

in the grid is designated by a pair of integers, the first integer

referring to the gannna—position, the second to the beta—position.

Actual positions are found from

4 ~~(M— ) 
(symmetric in x—direction)

x — £ (I—i) I —

M—l (full in x—direction)

and similar expressions for y (or 0). ~‘or example, the corner point

in a symmetric panel would be numbered t~l,l); the center (MBAR ,NBAR).
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Figure 41. Example of Modal Selection for a Panel
Exibiting Symmetry in both Coordinate Directions
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It should be noted that the maximum response values associated with

determining CRIT for an iterative run are calculated at every grid

point , independent of the printout selected in groups 8 and 9.

The length and width (XLP and THETAO) selected in Group 11 represent

the total dimensions of the panel, even if only 1/2 or 1/4 is analyzed

in a symmetric case .

Group 15 provides the data required for computing allowable

stresses for honeycomb panels. The core cell size (DC) is defined as

the distance between opposite flat sides of the honeycomb cell.

Groups 18—23 describe the g a a  stiff eners and groups 24—29

describe the beta stiff eners. The code SIDEG (or SIDEB) indicates

whether a stiffener is attached on the inside, outside, or within the

panel, as illustrated in figure 42 (a—d).

The stiffener cross section is modelled in a manner similar to that

used in DEPROB for beam elements. The section is broken down into

rectangular layers called segments. These segments also serve the

purpose of flanges for integration through the thickness, so the analyst

must assign enough segments to be able to adequately model the cross

section for an inelastic problem. A maximum of eight segments is

permitted (NSEGG, NSEGB).

Although stiffeners can be of different material, any one stiffener

is assumed to be of homogeneous construction; i.e., each segment is

composed of the same material. It is further assumed that if the panel

is made of plastic material, the stiffeners are plastic, and similarly

if the panel is metal (or metal face sheets on honeycomb), the stiffeners

are metal.

Gamma stiffeners also must be uniform in the spanwise direction,

but beta stiffeners can have variable cross section. This is accom-

plished by specifying the cross—sectional shape at one or more arbitrary

beta locations (BETC) . The program linearly interpolates between points,

if necessary, to provide data at every spatial grid point. Obviously,
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Figure 42 (a). Outer Stiffener.
(SIDEG (B)—+l .o) .

_____________________________ (inner panel
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Figure 42 (b). Inner Stiffener.
(SIDEG(B)’.—l.O).
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Figure 42 (c). Internal Stiffener.
(SIDEC(B)—+2.0).
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Figure 42 (d). Inner Stiffener with Crimped Sandwich Panel.
(SIDEG (B)—+ 3.O).

S

112

—
- - .- - S - . - - - 

.? 
- 

— 
, 5_ V~~ ..~ - ~~~~~~~~~~~ -. - - - , - .. - t

- - . 
- ,v- , -, —



V 
~~~~r W 

- .

if only one cross section is specified, the stiffener is assumed to be

uniform and it makes no difference what beta location (BETC) is used.

Constant cross section is assumed for beta points outside the domain of

BETC.

Figure 42 illustrates the four types of stiffeners. Case (a)

represents an “outer” stiffener with a spacer of thickness h0 (HOG,HOB)
located between the panel and the stiffener. This space might represent

insulating material or a gap created by another stiffener running orthogonal

to the one being modelled. For simplicity the stiffener is modelled as

an “I” section with three segments; in an elastic—plastic model the web

(segment 2) should probably be broken down into three or four segments.

The input parameters HSTG(B) correspond to the h1, h2 and h
3 
shown and

are measured relative to the inner surface of the panel.

Case (b) is nearly identical, except that the stiffener is called

an “inner” stiffener as it is located on the inside of the panel. The

h
~ 
are again referenced relative to the inner surface of the panel, and

are also inputted as positive numbers, as is h0.

Cases (c) and (d) represent a panel of sandwich (or honeycomb)

construction. In the first case the stiffener lies within the panel and

the input parameters are defined as before. The second case, however,

considers the case when the panel is crimped in order to attach the

stiffener, and thus the stiffener may or may not lie totally within the

panel section. If not, the he’s must be defined in a different manner,
as shown in figure 42 (d). To begin with, the segments must be defined

so that there is a division between two segments at the imaginary inner

panel surface. The segments are ordered from that point outward as far

as possible until a switch over is required, as shown. In order to flag

this switch over, which occurs at the £ = Lth segment, the parameter

is made negative. In this case, h
3 
would be inputted as a negative

number — all the others are positive.

Group 30 contains the modal components, ~~~~~~~~ for the initial

radial imperfections. The analyst must compute the Smo ’S from measured
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TABLE 21

DEPROP INPUT

Group 1: (5112) MG , MB, NEAR , NBAR, LBAR

Number of gamma modes to be used. (MG)

Number of beta modes to be used. (MB)

Number of gamma integration points actually used over
the portion of the panel analyzed. Must be an odd
number for full panel (see Group 4). (NEAR)

Number of beta integration points actually used over
the portion of the panel analyzed. Must be an odd
number for full panel (see Group 4). (NBAR)

Number of z integration points used through the thick—-
ness. (LBAR) Should be 2 for KTYPE=3.
(Not needed for NDERV 1 (see Group 5)]

Group 2: (6112) (MCM(I), 1—1, MC)

Gamma mode numbers, m.

Group 3: (6112) (NBN(I), 11 , ME)

Beta mode numbers, n.

Group 4: (2112) NSYMG, NSYMB

Symmetry code in gamma direction (NSYMG):
0, symmetry assumed (0 < y < 1T/2)
1, no symmetry (0 ‘c y < ii)

Symmetry code in beta direction (NSYMB):
0 , symmetry assumed (0 -c 8 -c ir/2)
1, no syumtetry (0 < 8 <

Group 5: (6112) NPLT, NBND , NDERV , NSG, NSB , KCOTJP

Panel type (NPLT):
0, fla t panel
1, cylindrical panel

Boundary condition code (NBND): -;
S
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DEPROP INPUT (Continued)

y—direction B—direction
1, clamped—clamped clamped—clamped
2, simple—simple; simple—simple
3, clamped—clamped; simple—simple
4, simple—simple clamped—clamped
5, clamped—simple; clamped—clamped
6, clamped—clamped; clamped—simple
7, clamped—simple; simple—simple
8, simple—simple; clamped—simple
9, clamped—simple; clamped—simple

Note: Whenever a clamped—simple condition is selected , the full
panel is analyzed in that direction, and NSYMG, NSYMB, NEAR
and NEAR should reflect this.

Response option (NDERV):
1, elastic only
2, elastic—plastic

Note: NDERV must be 2 for KTYPE I or 3 whenever KDAN=l or 101 .

Number of y stringers (NSG)
Number of B stringers (NSB)

Note: k negative value for NSG (or NSB) means that all y (or 8)
stringers are identical. Only one set of input data will
be required in that case.

Mass—matrix coupling code (KCOUP)
0, no compiling
1, compiling

Note: - KCOUP will be zero if NSC NSB O.

Group 6: (112) NNOUT

Number of modal combinations to be eliminated from
solution (N~OUT).
(0 < NNOUT < MG*MB)

If NNOUT—0, skip to Group 8.

Group 7: (2112) MOUT(I), NOUT(I)

Gamma mode. (MOUT(I)) V

Beta mode. (NOUT(I) ‘)

Repeat Group 7 for I—i , NNOUT. The cards in Group 7 may be arranged
in any order. -
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DEPROP INPUT (Continued)

Group 8: (112) NKP

Number of spatial points at which printout of stresses,
strains, displacements, reactive forces and pressures
are requested. If NKP—O, all of the above information
will be suppressed. (NKP)

If NKP—O, skip to Group 10.

Group 9: (2112) KPG(I) , KPB( I)

Integration point in gamma—direction at which printout
is requested . Points are ordered 1—NEAR, beginning at
y=0, and evenly spaced from there. (KPG(t))

Integration point in beta—direction at which printout
is requested. Points are ordered l—NBAR , beginning at
8—0, and evenly spaced from there. (KPB(I))

Note: These two indices are taken as pairs where each pair desig-
nates a particular spatial point. The pairs may be specified
in any order.

Repeat Group 9 for 1 l ,  NKP.

Group 10: (112) NL

Number of layers. (NL)
(NL must be 1 for KTYPE=l, and 3 for KTYPE 3)

Group 11: (3Fl2.l) XLP, THETAO, A

Full length of panel, £ , in. (XLP)

Full width of flat panel, b (short direction),
in. (NPLT O)

or (THETAO ) 
- 

-

Full subtended angle of cylindrical panel , 80,
deg. (NPLT=l)

F

Radius of cylindrical panel, in. (A)
(Not needed for NPLT O)

If NDERV—2, skip to Group 16.
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DEPROP INPUT (Continued)

Group 12: (2F12.l) HM(t), RHOM(I)

Distance (h) from the inner panel surface to the outer
surface of layer I, in. (HM(I))

Mass density of layer I, lb—s
2/in4. (RHOM(I))

Group 13: (5Fl2.l) EX(I), ET(t), XXNU( I) , THNU(I), GXT(I)

Modulus of elasticity in the x—direction, psi. (EX(I))

Modulus of elasticity in the theta—direction, psi. (ET(I))

Poisson’s ratio in the x—direction. (X~ W(I))

Poisson’s ratio in the theta—direction. (THNU(I))

Shear modulus , psi. (GXT(I))

Group 14: (2Fl2.l) SAT(I), SAC(I)

Tensile yield stress of metal panels; tensile ultimate
stress for plastic panels, psi. (SAT(I))

Absolute value of compressive yield stress for metal
panels; absolute value of compressive ultimate stress
for plastic panels, psi. (SAC(I))

If KT’IPE—l,2, or 5, skip to Group 18.

If KDA}1=l,2, or 101, skip to Group 18.

Group 15: (3Fl2.l) EC,GC ,DC

Core modulus of elasticity parallel to core depth ,
- psi. (EC)

Shear modulus of core, psi. (GC)

Core cell size , in. (DC)

Skip to Group 18. -

-F
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( DEPROP INP UT (Continued )

Group 16: (3F12.l) HM(I), RHON(I), EM(I)

Distance (h) from inner shell surface in the outer
surface of layer I, in. (HM(I))

Mass density of layer I, lb—S
2
/in4. (RIIOM(I))

Modulus of elasticity, psi. (EM(I))

Note: EM(2) need not be specified for a metal honeycomb material
(KTYPE—3)

Repeat Group 16 for I—i, NL .

Group 17: (4Fl2.l) TNU, SIGO, EP, EPSIF

Poisson’s ratio. (mU)

Yield stress for a metal panel, psi. (SIGO)

Strain hardening modulus (Es), psi. (EP)

Ultimate strain, in/in. (EPSIF)
(Not necessary for KDA14 2)

If NSG—0, skip Groups 18—23, which pertain to gamma stiffeners.

Group 18: (6112) KSG(I), L—l ,/NSG/

Beta—point number corresponding to gaimna stiffener location.

Group 19: (6F12.l) SIDEG(I), ESTRG (1) ,  GBARG(I) , RIIOSTG (I) ,
SIGOGT(I) , SIGOGC(I)

Code designating type of stiffener (SIDEG):

—1.0, Inner
+1.0, Outer
+2.0, Internal (honeycomb panel construction)
+3.0, Inner (crimped honeycomb panel)

Elastic moduli~~~1, lb/in
2 (ESTRG)

Shear modulus. C, lb/ in2 (GBARG )
Density, Qg, lb—s2/in4 (RHOSTG )
Tensile yield stress, lb/in2 SIGOGT)
Compressive yield—stress, lb/in2 (SIGOGC) F

If NDERV—l, skip Group 20.
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f DEPRO P INPUT (Continued)

Group 20: (2F12.l) ETSTRG(I), EPSG(t)

Strain—hardening slope, E
~~. 

lb/in2 (ETSTRG)
Ultimate tensile strain, 

~~~
, in/ in (EPSC)

Group 21: (2112) NSEGG(I) , KSUPG(I)

Number of segments (NSEGG)
Support code for outstanding leg (KSUPG):

0, no outstanding leg.
1, outstanding leg supported at one end.
2, outstanding leg supported at both ends or has

two corners.

Group 22: (2Fl2.l) BIGJG(I), UOG(t)

Torsion constant for stiffener , J, in~ (BIGJG)
Gap between stiffener and panel, h , in (HOG)

Group 23: (2F12.l) HSTG(L,I) ,  BSTG (L,I)

Distance from inner panel surface to the furthest edge of
the ith segment, hi, in. (HSTG)

Width of ith segment, b
~
, in. (BSTG)

Note — HSTG is always a pe~itive number except for
SIDEG—3, for the £—L segment which causes HSTG to switch
directions. See figure 42.

thRepeat Group 23 for all segments in the I stiffener.
•Unless NSG was read in as a negative number, repeat Groups 19—23 for
•each gamma stiffener.

If NSB—O, skip Groups 24—29, which pertain to the beta stiffeners ..

Group 24: (6112) KSB(!), I—l,/NSB/

Gamma—point number corresponding to beta stiffener location.

Group 25: (6Fl2.l) SIDEB(I), ESTRB(I) , GBARB(I) , RROSTB( 1) ,
SIGOBT(I), SIGOBC(I)
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DEPROP INPUT (Continued)

Code designating type of stiffener (SIDEE):

—1.0 , Inner
+1.0, Outer
+2.0, Internal (honeycomb panel construction)
+3.0, Inner (crimped honeycomb panel)

Elastic modulus~ E , lb/~n
2 (ESTRB )

Shear modulus, G, lb/ in (GBARB)
Density, p5~ 1bs

2/in4 (EJ4OSTB)
Tensile yield stress, lb/in2 (SIGOBT)
Compressive yield stress, lb/in2 (SIGOBC)

If NDERV—l, skip Group 26.

Group 26: (2Fl2.l) ETSTRB(I), EPSB(I)

Strain—hardening slope, E
~
, lb/in

2 (ETSTRB)
Ultimate tensile train, 

~u’ 
in/in (EPSB)

Group 27: (3F12.l) NSEGB(I) , KSUPB(I), NSTB(I)

Number of segments (NSEGB)
V 

Support code for outstanding leg (KSUPB) :

0, no outstanding leg
1, outstanding leg supported at one end.
2, outstanding leg supported at both ends or has two

corners.

Number of B—stations used to define cross section. (NSTB)

Notes: NSTB should be 1 for a uniform cross section and BETC can be
anything.
NSTB must be < NEAR .

Group 28: (3Fl2.l) BIGJB(K,I), HOB(K ,I) ,  BETC (K,I)

Torsion constant for kth station, J, in
4. (BIGJB)

Gap between stiffener and panel, h , in. (HOB)
Beta position of the kth station, In or deg. (BETC)
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DEPROP INPUT (Concluded)

Group 29: (2Fl2.l) HSTB(L,K,I), BSTB (L ,K,I)

Distance from inner panel surface to the furthest edge of
the ith segment, hi, in. (HSTB)
Width of ith segment, b1, in. (BSTB)

Note: HSTB is always a positive number except for SIDEB 3.0, for
the £—L segment, which causes HSTB to switch directions.
See-figure 42~

Repeat Group 29 for all segments at the kth station of the 1th stiffener.

Unless NSB was read in as a negative number, repeat Groups 25—29
for each B—stiffener.

Group 30: (6F12.l) ((FG(N,M), N l ,MB), M l ,MG)

Modal displacement coefficients for initial radial
imperfections, in. (FG(N,M))

Group 31: (3Fl2.l) DELTIN, TSTOP, PRINT

Integration time increment, sec. If DELTIM=0.O, the
program determines the time increment required for
stability. (DELTIM)

Integration stop time, sec. (TSTOP)

Print frequency (integration steps per printout). If
PRINT=O.O, printout of intermediate data will be sup-
pressed. (PRINT)
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data using the integration technique applied to Fourier series coeffi-

cients. Generally, such data will not be available, and zero values

should be specified for the dan ’s• The capability of considering

initial imperfections also enables the analyst to determine the sensi—

tivity of panel response to initial imperfections.

Group 31 provides the integration time increment, the response stop

time, and printout interval. If the user specifies a zero time incre-

ment, the program computes an appropriate t~t which in most cases will

give a stable solution. It should be noted, however , that stiffeners
are neglected in the computation, so it is possible a smaller t~t will be

required for some stiffened panels. Because the t~t is approximate, the

analyst may want to make comparable runs using different I~t’s. In

general, an elastic solution which is numerically stable will be accurate.

Hence, the optimum ~t is the largest which remains stable. For an

elastic—plastic solution, however, the accuracy of the solution may

deteriorate slightly as the point at which the solution diverges is

approached. Once a time increment is selected, it should be valid for

other orientations and moderate changes in response level.

Although the stop time can vary a great deal, the total number of

integration steps required to capture peak response will be roughly

between 500 and 1500. One exception to this may be a curved panel

experiencing “snap—through” buckling, in which case considerably larger

response times may be required. A printout frequency of once every

20 steps is usually adequate for monitoring the response time history.

The program checks response values every ten time steps.

5.4 PROGRAM OPERATION

Two versions of NOVA—2S have been assembled due to the difference

in core allocation between the Control Data Corporation (CDC) 6600 and

the CDC 176 computer systems. The 6600 version has smaller dimensions

and only uses small core memory (SCM). The 176 version has somewhat

larger dimensions in DEPROP and makes use of large core memory (LcM) by

assigning 6 common blocks to LEVEL 2 (see table 12).
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Otherwise, the deck structure is the same for each version, using

segmentation as in the past (figure 43 and table 22). Logical files

TAPES and TAPE6 are used for input and output, respectively, and file

TAPE1 is reserved for internal use. When the REFRA near—ground reflection
(blast) model is selected and ground reflection is to be included in the

analysis (KB 1,ICGRD 1), the REFRA data must be available on logical file

TAPE1O. This data is unformatted (binary) with record type S and block

type C. This record—type—blocking combination is compatible with

SCOPE 3.3 and possesses the important feature that the system copy

utility COPYBF can be used with SCOPE 3.4 to transfer the data to disk,

tape, etc. When used with the NOVA program under SCOPE 3.4, however, a

FILE card is required prior to loading to specify the record type and

block type. The REFRA routine will usually operate more efficiently

when the information is on disk, so a transfer to disk is recommended

whenever possible.

Using the FTN compiler on the 176, approximately 60,0008 cells of
SGM and 15 seconds of CP time is required, specifying the fast compile

mode (OPT—i). -

The 6600 version of the program requires approximately 260,O0O~
cells of SCM to load; the 176 version needs approximately 172,0008 cells

of SCM and 255,0008 cells of LCM.

5.5 NOVA-2LTS

This special version includes the modifications made in previous

versions NOVA—2L and NOVA—2LT, where the “L” refers to the fact that all
of the blast and aeronautical loading routines have been replaced by

user—generated functions or tape—supplied data (reference 2).

No other changes were made here, except to adapt the up—to—date

response codes in NOVA—2S to this special deck. Table 23 lists all the

subroutines in the deck, and figure 44 and table 24 document the proper

segmentation directives. Core requirements for this deck are approxi-

mately the same as for NOVA—2S, except for an additional LCM requirement
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TABLE 22

SEGMENTATION DIRECTIVES FOR NOVA-2S

T REE ‘ViVA
‘JOVA T”jCLIJnE PI~~1T .I ODI1 4A .SEC

LE VE L
TPEE P~L3C’(

~LOC ( I~4CLUOE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TREE OEPRfl P
T REE

DE PROB I~~CLU~,E DEF flRM.F~~.F,4CTL. PRI~,T1,
.
~L~~xF ,STRI

TRE E FP~~~-,
FPRES TNCLtJ fl E PF’JS~~.PJU-~’PT REE ~P~~~SI~PPES P-iCLUOE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0ST~ b .POS TN 7

LEVEL
TREE IDSETI

OS~~T 1  1’~-CLu IDE ).3ET?.I..EGF~~C- , D T 5 T E P
T R E E  O5FT~

OSE I3 !~ CLLrnE ‘~OL T
T R E E  ST IFF

ST IFF PICLLJ fD E
TREE 0E ~~V1

‘)E R V I  T r~,CLU0F S IG MA .S IG%1 A~~,~~IM .l)E~~v ? , L IS 1t . j T . s T ?
TREE LA *P
TREE CO’.IPI

CO~I P I  T ’~’CL LJ f)E C~)MP?.SLAY .STR ~i !.VCS
TREE DA B

D A B  I~’C L J ~)E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T~ FE C Y CLE
CYCLE I~~CL~JDE E~~uiLP .ST~~ESS.FIi~IA L

TREE CDMSET
CO MS ET INCLtJ~)E R 4 O 1 , T S T E P

T R E E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~LEVEL
T R EE CS ET 1~P

CSFTUP T t ~CL4 J r~E 1-~T 1
T R E E S- )LVF
TREE P~~E-SSPP ESS PCLtIDE
TRI E H Y D R A

4IYf lR A P”CLU~ E
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TRE E P J S r & p ,
P O S T A P  I~:CL 4~)E
‘JOV A ~ L C~RA L
IYI’RA GL HA L C ) - : ST C , S C A l f r

~~~~~ GL~HA L
~~~F R A  r . L Q c I A L  .~EFR~ C— SA v F
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TABLE 23
LIST OF SUBPROGRAMS FOR NOVA-2LTS (NOvA-2L)

NOVA DEPROP DEPROB

NOVA DEPROP DEPROB
SEC BOLT CONP 1
RITER DERV1 COMP2
CSETUP DERV 2 COMSET
PINIT DSET1 CYCLE
SOLVE DSET2 DAB
INTl DSET3 DEFORM
PRESS DTSTEP - DPUR

HIM EQUILP
LEGEND EQUILX
LIST1 FE
LIST2 FBCTL
MATXIN FBSET
RELAXP FINAL
SIGMA FSOL
SIGMAB PRINT1
STIFF READ1

RESD
RESET
RLAXB
RI~~~~
SLAY
STRESS
STRESX
STRN1
STRN 2
STSET
TSTEP
VCS

- F

I,
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TABLE 24
SEGMENTATION DIRECTIVES FOR NOVA—2LTS (NOVA—2L)
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when the tape option is used for supplying pressure data, as before.

Appendix A contains a card listing of the appropriate UPDATE changes to

transform NOVA—2S into NOVA-2LTS.

5.6 EXAMPLE PROBLEM

An example problem is presented in this section to provide the user

with a test case for exercising NOVA—2S, and to also indicate the

modelling technique used in analyzing stiffened panels.

The panel modelled is the fin panel on the vertical tail of
the B—52 discussed in section 4. Figure 45 lists the input data

for an inelastic response run (LOAM — 101). The model contains one

inner ga~~a stiffener located at the 13th beta position, or

— ~~ 
~~7) — 10.9 inches, of a clamped panel exibiting

sy=etry in both coordinate directions.

Figure 46 contains the time—history printout at time 1.75 milli-
seconds, approximately the time of peak response. A st~~ary of the run,

including the maximum response compared with allowables, follows the

response output and is shown in figure 47. In this case, a tensile

strain at the clamped edge of the stiffener produced a CRIT of 0.539.
The maximum CRIT of 0.445 in the panel was also due to a tensile strain

at the same edge, at y 11.81 inches.

Computer time for this relatively large structural model (30 modes

and 361 spatial points) was 403 cp seconds and 2 EC seconds on the
CYBER 176.
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7000 .
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2 0

101 0
.5
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—1 407 1110 ,

2 2
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7 13 V

Figure 45. Example Problem Input Card Listing
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Figur. 43. (Continued)
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APPENDIX A

LISTING OF UPDATE CARD CHANGES
NECESSARY TO TR ANSFOR11 NOVA—2S

INTO NOVA-2LTS (NOVA—2L) .
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IF (,( r~A M .L 1.2) ~E 40 (S.~~

) ~ DA ~
IF (INOUT .F1).0) GO 13 I’L(”)

~ ‘~ T T E ( ~,.~~f l O f l J  ( T 1 ) L E ( I )  •T : 1 . ? 0)
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EQ ’IT VA LE I-I CE (PHI (t,l,l), PRTB(l.1 )), (TTP (1,1. 1).TTh (1 .1))
O A T A  T i~O/1 0PIFFFI FFFFFF/

C
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IF (sDS .F0.2) GO 10 iSO

C
C S TAT I C
‘S

~EAO (5 .2or~0) PS

~QlTE (b.2?OO) Pd
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JL = 2 ~~~~ ~~9FTUP”

C

~0n IF (KTYPF .GT .S) G o) TO I (‘f l~~

C PANF LS .

~ F A f l  (5 , 2, 5 0)  iJP1 X ,’V?Y
‘~P11TE (.,.?7(’A) -~P X .’J P Y
F EA 1 )  (S,?0(’f’) (XP(L ),T:I, ”PY)
.~P I f F  (b.~~t0fl) (XP(I).T:1,

NPX )
N EA D  ( 5 .2 00 0 )  ( Y ” ( J ) . J : i , ~- ’ P Y )

~~I1E (~‘.32’)fl) 
(YP(J),J i~~ sPV )

~. W T T E  (~~.3 3 f l 0)
1)0 ~2u I:1.P,PX
PE A O  (5.2050) ( , c T I 4 E ( J , T )  .J :1.~~P Y )

M?’~ “ P 1 T T E  (h.28’50 (KT14E (J.I).J=1.~~PY)
1)0 544 0 I t . ~~PX
DO 5440 J:1,’~tPY
‘IT !ME KT IM t(J,I)
QF A.) (5.20~~0) (TTP(K,J. I) •l~~ 1 ,M T I4 F )

‘~~1TE (‘,.3600) I,J, (rTP K .J. I ).K=I .NTI- ~E i
~~ TTE (.29o0)
RF AD (5,2000) ( P P 1 T (~( . J . I ) , K I . N T j f r E )

~~Q0 A~~ITE (*,.3 0(’O) (pP1r (K,j.I).K=I.~,TT’.tE- )
C SP AT IA L  TP,~TE~~P0LA TI -)N_E~~T-? APO LA IIU~~. I-VOI CES A~~E LO~~EI~ BOIJIlO .

DL) 900 t:i.~~G T -

00 MbA III = 1. -4P~
IF (xP (III).GT.XG(I )) C,fl T O S 5 4 0

‘-1~~ O CO ’VTI ’V IJ F
I T T  : r~j °x

MMO IF (III. GT .1 ) ~fI : — I
DXI (i ) = (XG(t) — X P ( T T T f l / (X P (I I I s- 1 )  — X P ( I I I ))

Q f l f l  J z I ( I )  = I I I
~)O 960 J =

00 920 JJJ  = 1,~JPY
IF (YP (JJJ).GT.XsS(J )) GO TO 940

~~~~~ C u’V T I\ I ’ J I~
J J J  = ~;PY
IF (JJi. r,T.1) JJJ = i n  — i

OYI (J) = (X~~(J) — YP (JJJ))/ (YP(JJJ+t ) — Y ?(JJJfl
Q~,fl J Y J (J )  = J JJ

(I

5)0 °540 1:1 •I’~P~(
fl’) 9540 J 1 . ”1PY

9’”’ J L I ( J . T )  = 2

C r4 EA~lS. -

ifl ’) 50 R EA D (5 ,2)5’ ; ) ~~S
~-~~~

J ’i E  (t-,34o (i ) ~-‘-i
-H-AD (5.?0050) (~~P1(1),T:I.’P S)

- ‘.TT~ (6.3500) (S~-U).T:1 ,~.PS)
- ‘-PIlE ( # - , , 3 3 0 0 )
‘~E A j) ( 5 , 2 0 5 0 )  ( L I I  ( t ) , T i , 1~~S)
—~‘QTTE (.,,è’~

)fl) (Lrr ~~~ (I).r= 1. ---:ps)
no 120 0 t:1.~~PS
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~“~ I T E  ( os. 37A 0 )  I, (1T 4(K . T) .~(:I ,~~TT’AF ) I’HISPAGE IS B~~TQU ITY P~~C.I~I . r n~
kI!4O (5 ,2 0 0 0 )  (PPI4(4.T),~~:I,~~TII~I~~)

~°~ITE (“ , . 4’400)
1?00 -- ‘M ITE ( 6 .4 0 0 0 )  ( P P 1 T 4 (~~,I) .~~:1.t ’ T I M E )

C S PAT IAL P-sTE~~P O L 4 1 IJ ’ 3  — F X T Q A P O L A T I O N . I’~0 IC ES APE LJ..EM ‘iUIJ ?- ~),

1~’5() 00 1500 I i ,NPS
FSP = SPIT )
II = FSP + .005)01

- 
DII = FSP — FLOAT ([[)
SPS X = 0.50
IF  ( I I . E Q . 0 )  GO Tu 14 0 0
01’) 13 0 0  J : I, I I

140’ )  S P S x  = S P S X  + 05311 (J)
1400 IF (Tt.LT .’WAS~~p 1) 3P5 (J) = SPS X + DTT*O, 1)O (TI+1 )
1500 C0lTT ’SIJE

00 ib An 1 2 . t-,MA SS
1600 0500(J) a OSOU (J— )) + OSO’i(J)

DO 1 5 4 5 0  1:1. -S MA S S
00 17~~0 ~~~~~ =
iF (SPS(III).GT .OSO1(I )) 50,0 TO 15400

lifl’~ CuNTI’I IJ E
IT T = NPS

1400 IF (III.GT .t ) 111 II! — I
DSOO (T) = (OSOtiC I) — SPS (IITfl/(SPS(III+t ) — SPS (II1))

1 RSO ISP (T) = III 
-

IF (~~LO A D .E1J .4) GO TO 7100
DO 190’) T=1. NPS

1900 JL~~(T) = P
ME I

• C
C LO A D  O PT ION l$ — TAP E T ’J PI’T FM OM TA P E i n .
C PROGRA ~l-’sEI) FOR 7oO ) -Jv LY .
C
bOA fl M A X O  : 11914

~ AX D2 = 5957 -

REA D (c.~~fl0fl) TIM I, SIUP
a TTM I 4- IsruP . A E LT I M

NS ’~TP = S S K I P  + .O’ )O l
READ (5.2050) ~4GAG E
M E A l )  (5.205 0) (~IQP1O€R (T ),I:i,NGAGE)

~~i T T E  (6,~~qon ) Tj~~t,VS,(TP ,NG AG€. (”-~0ROE~~(I),I :1,c’r,A r E )
=

!)C, 6050 T I , NGAGE
IF (NORUFP (I).GT. D) VG SIJM S ~J GS& JM + 1

r,i)’jO CO ’V T I’V~JE
I F  (~~T.yPF .r,T.s) ~O Ti) 70( ’ U

C P A ’, E L S .
RI- A D ( 5 ,?(~S0)  ~‘* ,lPY

~-eM T T E (..?70’)) .P1.(,~~ø Y
IF ( - ‘-,P x .;I .1. A - J ) .~~3y . ;r . I )  r.~’ Tfl ~~~- s n r ~

~~tA O  (5,2~~’)’l) (~~~~ 1 ),t:I. P
~~)

.~s 4 r ~ (5.2’)’)C) (yP1(II .I :t,~ -Py )

~Q ITE (6,310)) (XP (I).T:I, JP~~)
nRTT E (b.3 ~~

A 0 ) (?P’(fl,T:1~~\jPY)
- JL : 2

‘ - i  = 1 - -  
-

- 

143

- —
‘ 5; - 

V_~ - ~~~~~~ -
- - - -

- -



V 
~~~~~~~~~ — - V V
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IF (t ~PX * N p Y .NE. - s G ~~j 4 )  GO II) M600
II. ( iPX ~~~

()
~~~) ho ) 10 ‘,800

0’) .,500 I:l,JGT
DO 6300 III l.r~P~
IF (XD (1II).GT .X, (j)) GO TO 6400

~~4 )S)  C O ’V I I ’V t J E
IT I = NPX

6400 IF (ItI. GT .t) ~~~ = T I T  — I

(‘X I I I)  = (XG (I) — ~?( i T I ) ) / ( X P ( I T I + 1)  — XP (III))
bSO f) I X I C I )  :
bbO fl IF (NPY.FO.i) GO TO itoo

00 6900 J:L,~l~~t
00 670’ ) JJJ  =
IF (YP(JJJ).GT .X’3 (J)) GO TO 6800

671)0 CONTI’VUE
JJJ =

~b3’)fl IF (.JJJ. t~T.%) JJJ = .TJJ — I
0Y1(J) = (X8(-J ) — Y? (J3J))/(YP(JJJ+t) — Y-P (JJJ))

o90 5) J Y J ( J )  = JJJ
GO TO 71 00

C 5EA ~IS.
7000 MEA D (5,21)501 “0~S 

-

~.~~TTE (6.14400) -‘iPS
At ) ( 5 , 2 0 0 0 )  (S?(I).I:I.NPS)

“~~T T F ~ (6.3500) (SP(f),T 1, ’VPS)
JL =

~J’J = I
IF (\SPS.EQ.1) -~; )  10 non
TF (‘VPS. IE.Nr,SOM ) fl TI) 54500

~iU = A
- GO TO 1250

C
7 1 0 0  DEL = 0.

Ic y = I.E—h
TIM) : TIM I/TC V
K G : 0

= 0

~ T T M F  = (I
r~UFFER I~ (1 0,1) (fD(I).I~)(1t)0))
jF (u~iIT (l0 )) 7203,7,30’)•~~3fl - 1 V

72 0 0  ~-~u~ FE~ I ’~ ( 1 0 . !)  (l) (I1 .I~~ (1flO))

IF ( ‘J N T T ( I O ) )  1~~5 ’j ,s 3 1 o n ,54 4 f l 0
? ? ‘,A IF ( i - ) ( 1 ) . E 0 .T- ~u )  fl It)

- J~~O R-~S = 10 ( 1 7 )
-~-~~f l T ’ V T  : TD (t’I )
L~ = -,,~O ROS * ~~PL) L~~I
-
~ -5 = ‘V i 0wO5*4S~~1P 

- -

= ~~K + I
= ‘JoMs)~~c- ((’() 

- 
i

s

jF (K’ .GT .O) (K~ = (~~~( + ~
IL = “J*OROS -

7 ) f l~~~
,’FFFI IN (ti,l) (A1 (I),4UL~~))

IF (‘JlIT (1fl) ) 7 4) 0 , 4 1 - U’ .-- 300
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l Ull ’) IF (DEL.~~O.0.) O~~L = (%T t 1 + - V -~r’RDS) — AI(1flIS~~TP *TC V
C LOC A T E  FT~~ST T L - ~~.

00 7500 I :JL,LP1, l-~i433
IF (A1 (1 ~~1 ).GE. II’- 1 1 ) 601 0  180~

75o0 CO~’TTJ U E
GO T O 7300

7600 IF (~c6.GT .0) P(’(G,l) = * 1 ( T )
11 = A I (I—1 ).TCl
IF (NTIME. EQ.0) ~T1 4E = (TTM ?~~T I~i 1*TCV )/0EL + 2
IF (lTIYE. GT .’SA*O) t) TO 5 4 4 0 0
J : I
IF ((G.Eg .0) GO ro i,r,n
I L  = ‘J~~S — L’~ + 1
IF (TL.GT .O) GO T~ 7400
IL = I • ‘eNS THIS PAGE IS BEST QUALITY PRACflOAILT!
C~ 0 7 140 I = IL, I.. ‘~, -

~ -“ S 1~)I COPY 1W~~I SHED 1-0 DDC

J : J , l
IF (J.GT. NTIME ) GO 10 7100
P(HG.J) = *1 (1)

7 7 0 0  CONII’IUE
7 7 S O  IL = ‘iRS — LR + I X

ii~no ~ lJ F F F~ IN (10,1 ) (Aj(1). A 1 (LR))
IF (u’VTI(l0)) l~~0O, s3I0O. M300

79’)fl IF (~~3 . .O) GO TO 75401)
IF (J.C,E.NIIM E ) GO TI) 7A00
00 ~0flQ I:IL,LH, ’l-~S

= I
J :  1 + 1
IF (J.GT .\i11~~E) GO T~ 54005)
IF ( 1.GT .MA XO 2 ) GO ro 7950
P(KG.J ) = A~~~I)
GO TO $000

7950 Q (~~~.r—MA x02 ) a ~~~( 1 )
‘~s)050 C’~NT IV U E

(~,O TO 7150
C S~~~~~ OF GA GE D A T A .

0
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131( 1’) IF (‘i’) ’3ij 50,.GT .’)) ~.RITE t~6.a7o0) l(K ,~~5 .uEL ,r1, -- II I~~F .
i ~J , ) ~~r,s,~~po 1 ~1, (1  ) ( !)  , 1:1.9)

IF  (~~~ ‘( K .5. 1 • ‘ JG 5 J~~ I )  G J TO 7~~s ) f l
C D A T A  Q EA O . 

-

8.)’)’) I~E~~I V D  10

~-~~ITE (6,4540’)) OEL, V T IM E
IF (VQ’-3’JG .LT .2) GO TO M?SO
00 54 ?20 I:1, \IGSLJ M
NIl = ~II~I0 (V I I~it , 4. l X ( ) ? )
NT ? = NT T M E  — V l A X I ) ~3

lIE (
~~.49 00 )  I ,  ( ? (I .j ) .J 1, t l r l )

IF (-iTP .GT .0) -4-~ L T E (6.4900) I, (Q(I,J),J:I,i-1T2 )
54.)?0 C0~ ’ T I ’ V sJE
‘3?5~ ~E TuM ’V

C
C FRM0~~S.
C
~~3~~A ‘&ITE (6, 4 3 0 0 )

MU’)’) ~?TTE (b.4400) V T IM~~.4AXr) ~~~~~~~~~~~~~~~~~~~~ 
—

~~~~~
GO TO 8900 

~~~~ C
QlF~

~350f l  -~R ITE (6,4500) ~IPS.VGSU’4
GO TO $900

460(1 ~‘~~TTE (6,450’)) ilPX ,VPY , Nr,SOM
GO 10 5 4 9 5 0 0

4 7 ( 11)  --.~‘ T T E  (6 . 4 7 0 0 )  K ( ,d~~A 50,E
GO TO 8 . 0 0

135400 *‘~ T IE (6 , 4 0 0 0 )
C

549’)(’ KERR =

C
20’) ’) FG i~ lA T (6F12. I)
2050 F(,P~l~~T (~STl21
2100 F O R M A T  (PFI2. 1)
).)‘)‘) Ff)Q’-’AT (?4r4O STA TJC ?~~E i35I9E. PSI = E15 .€,)
40 1’) Frj.~~’4T (7 3 p 4 0 0 Y ’ l A -IIC LOA ~ C (”)%T4- ’~TS/

I 1114 PPi a
I 11 14 PPO = E1c .’s/
I , j j~i III) =

1 - 1114 T P J t ’~. =
I I l’-4 44  =
1 liii A r - s i = E15. ’i)

211 00 F O R M A T  (2I’40OY-lA ~~IC LOM) 
!PTj fl !V Ta )

2S~~’) FORM AT (t~~540~~t 1 1 ~~EI~ -JF TTM FS : T14 E. SEC FM 5j~~~, r -~ I/

~7,)r F f l~~ i4T (?4~~fl -’1s,4 ’~t,-’l iF L rA ~: S f 4  11~~~
-
~~/

I 1?~ ‘“P X = jS/).3M I P Y  : 1 5 ) r

24’” FflP.’~~I (5~~,l (’I,)
)900 FOR M AT (1MM ~~~~~~~~~~ (~~S1) 

)
~ 00f l  Fi v M A T  (S%,hE1,.~~)
141 0I’ F° ,

~~ 4T (I9~~CJA .?u S L I L )~~54 (I’-) /(~~X ,S”l5.6 ) )
4200 FOR M aT (26140Y—”U SITI -JS (I’- ¶J’ OEG J :~~~5*.5E1~~.~~fl
404’ F0R ~- i A T (2 ~~~~~~~~~~~~ -)F T A a I E E’.T ’~ t€ ~ =)

4 4 V )0  F o - ’ Y A T  (PaM’) ‘ “ I ~~’~ iF L~’A ~ Sf4 T T o ) t S / 1 2 1  ~~~ = In
451 ) 0  Fi~~M A T  (2 554O .’ E A 3 u ~~~54~~-, T  “ f l S I t T 0 ’ -~S = / ( ‘ ,X . i s ~I~~.6 I )  I’
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31 f l’l  Ff ~I~Y 4 T  (1 a 14flT I --~~S (3EC ) , I C X , 6 1~~- P *  = I 5 . 5 X ,6rS rJ PY = 13/
- F-- 1 ( SX , b E I S . 6) )

4 7 1 ) 1  F0M~l 4 T  ( I 4 1 4 f l T I M~~S ( - 5 E C )  , 1 0 X . 2 1 l T : 1 3 / ( , X . 6 E 1 5 . b ) )
44’)’) F(,~~MA T ( 1911 PRE u~~~~ ( S F C )  =
59050 FO~~MA T (qH0TaP~ J5~~/ 3a’4 . S I A R T  1 I - - ’F , S EC ( T PA 1)  = E15 ,h/

I 44”  S~~T P F54 E )tJ~~J C Y  ( ‘ - S K T P )  = 16/
7 34- rn. OF bAt,~~S ON T AP E (~~C,A1,E) = 16/
4 ?S’ L0CA T1U- \~ I ) OF GAGES = / ( 5 1.10 1 4 ) )

~ 1on FO~~ i A T  c 1 4 3 1 4 o r 4 P t  I-~~~ir IS O N LY I I) IMEf.jSIO~4 4 L/
1 ?~~~~4 E T T 1 4 E M  NPX OR 54 P Y  ~ t S T  ME I)

4 2 0( 1  FO R ”A T (191400*14 FOR GAGE N50; Tu . 1514, L IJCATIO t - ’ ID 1-4 /
1 14 14 T I 14F  j N T t 4~14 L  ElS .t’. I3~~. STA R T T I - IF tlS .6/
P 1 6r4 I\4IJMMER 0r TIMES T6/ p 614 NIIUREP I)F i~)~~Q5 PEI~ POI~~T 1-4 /
3 254 14 ‘~~$E’~ OF POL~~f S PER ~ ECORI) 15/ 11 ,94)0)

441)0 F O R M A T  ( 2 6 M O P A 4 I T Y  E’~RnM o N  D A T A  T A ’ ~E)
4 4 l 1 () F(.)R~~A 1 (255400*14 tICEEDS TAR LE SPACE 215.
.~50fl FO~ M A T  ( 3 2 ~~0~ u —, E14 iF A C T I V E  G A G E S  IS ~RY i G  3 1a )
4 7 01’) F O R M A T  ( 12I40E”O OF TAME 214)
4~~A 0 F O R MA T  ( ? ‘ 1 4 O T A M E  j O  ~~~ ~~~~~~~~ R FA D /

I l 9~ TIME ~TE9V4L = EI5 .b /154H NO. OF T I ’ ES  = 16)
49(10 FO R MA T (514 0 I :  I3.4X .914P (PSI) : /(1X .10E12 .4))

F N I)

~I3IS PAGE 
IS BEST QUALITY ~‘iu~CflCAB~J

?RO~ 
0()k~Y 1UR~1SILED 1-0 DDQ ~~~~~~~~~~~~

0

/
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1’ ‘ c ’ o ~pcc ~t P.~F ’ s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

: ?i (.4 ( E P ~ F S 5 1-0 DDO —

*Ai ) i) F ILI~ T - ? ’ J T , P-JT I
*OFCK PRF SS

Sl ’MRfl-) T t ’-~E P~~E- ~5
1C41 0_ I _ C NO VA

~CA L L  CL i )A r ~
*C~~LL C-L K )
* CALL C O M I
* CA LL  CC M ?

I)IME ’4S!0’I P R T T r ~-U4 1)
01ME \SIO~ TT ~~(t4.at), PQTc~ (1-4 .a1 )
Ft~l J jV a L F \JCE (P.4I(j, I. L ).PI.T4(t .1)) • (ITP(I,l, 1 ) ,TTk (1,1 ) )
E I Jt I I V A L E t~JCE (PrITT (1, 1) .PWfT3( %) )

C
iF (~~C4LL .GT .0) Go) Ti 01)1)0

U: 1 . 0 / Q T R I A L ( 1 )
G1) I) (50 .?2A .M’) O .l’ ) )f l ) ,  ‘ ILOA D

‘,fl F(TIME .GE. TPPI--)r .) 30 10 100
PPP:ZZ*PP1* (1.k) — rp4 E~~o T T 1 )
IF ( PPP .LT~~O . 0 )  PPM=0 .O
r;O TO 40’)

l0’~ TF (TI ME .GE .TTO ) GO 1’) ?‘) 4~

P P P PP~~* (1 •0 — T 14 E * 1T TO )**A 1 J \J
PPp Z Z * p p p * E X P ( _ 4 Z * I I I (~~)
GJ T O 40 ’ )

?,)~ PPP:0~~()
(
~O T O 4 0 0

C
??~) ~~~ 2a’~ J:JL. 411 1E

IF ( T I ’ F .I_ E . T T ( J ) )  311 10 P6’)
2 41”  C4)’TT’~uE

JL = ~ TP- E
P~~P = Z i * P T ( J L )
i;O T - )  ‘~ )C’ -

2— ’) IL = J -

= PT (J—I ) 4- crz -4 E — TI (J.t))* (pT( I )  — ~~ T ( V J ~~~ 1f l/

I (11(J) — TT (J—l ))
PPP : /~7*PPP

C
4 f ) (  PPP : PPP + Ps

1~ N1’Y ,-’F .LT .i,) j~ T~ q0~~~(

~ pP

J F (4TY PE .E~~.1O ) ~ =
)() 5I 1~~) t :l,~~MA ,~’

S~”~ ~‘- ( fl = Fl
V 1J 1(1 0 5 0

C
.-il,(’ IF t~~1Y P F • C ,T • 5i -j T~) 

0(150
C

~)~~
F ~~ F~~t 1=1 •~~~~ ) %

‘~J -~ .-, ‘1 =1 , -‘-P y

C T -F T~~.iD( 1LAT F 01’~
=

T F (Ti -t F .LI .ITP (l,J ,fl ) (~, t -  T I 
~6’)

- Il = I L T ( J , I )
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rHIS PAGE I-S BEST QUALITY FR&CTIC~~I4
~ T 1~ ’~ = i~IIM E ( J , I )  FRQ~~C0PY FIJR)(1SHEDT0 DDC
(jfl 54~~~

i) ~:JL~~i T 1 ’ ~
=

IF (T 1M E . L E. T T P ( - ~,J, t ) )  G(~ IC) 544 ( )
5421 ) Cfl~JT I ’ J U E

JL T (J.I) = ~TI’4tPpp = P R T ( ’ ~T j M € , J , I)
GO TI) 5460

~ 40 JL =
P1 = P I 4 T ( J L — 1 , J , I )
TI = T I P ( J L— 1 , J , L )
PPP :Pl + (TI’~ — T 1) * ( P . 4 1(J L ,J , I )  — P 1 ) , ( f r P ( J L . J , 1) — T ) )
JLT (J,T) = JL

54(-,0 P~~TT (J,I) = PPP
C T~~TERPO1 AT E SPA T IA L L Y .

i)t) M’~~0 I:1,NGT
J I  = IX I(I )
01 = 011 (I)
DO 54541) J 1 , N4T
IF (‘JOSE(J ,I ).~.-O. f l )  GO TO 8~~A

JJ = J YJ (J )
C’ Y  = D Y 1 ( J )
F t  = ~~R T T (J J , t T)  + )Y * ( P R T T ( J J + 1 , r I )  — PRTT (JJ, IJ ))

= PRTT (JJ .IIi-1) • 0Y* (P~~rT (JJ+1,jI+1 ) — PRT I’JJ , I. I.f l)
PPP = P1 + OX* (P2 — P1)
P4 ( ’ , )  = PPP*Zl i PS

M80 CO -~ T 1~flJE
a GO TO 91 ) 04 ’

C I3 EA MS .
9 f lf l  ~ fl 9 34 ,  j=1 ,NPS

PFI P =

IF ( T T M E . L T .T T D ( 1 ,  W GO 10 930
JL = JL4 (T)

‘~T 1NE = LTIME (L )
00 0)0 JL,~~TLM ~

=

IF (TJME .LE. T 18(,c,I)) GO TO 9?’)
910 CO- \-TIN ’JE

JL~~(I) = ‘IIIVF_
PPP = P~~T~~(l .Tt .i~~.I)
4~~(1 TO Q

~~~0

9?’) JL =
P1 = P~~r~~(JL—I ,L )
1 1 = TTI4(JL .1.IJ
PP~ : Pj  + ( T 1 - 1~~~r 1) , ( P ~~T~~( J L . T )  — PI )/ (TT -i( JL, J) — I I )
JL~ - ( T )  : JL

93.) F - .,TT4 (T) =

~~~= 0
F t l  ‘~~4’~ 1 1 . \ ’ A A J i
II = TS’~(1 I

= ) S 0 Q ( I )
PPP :P R T T M ( T I )  + )*a (PQTT~~(TI+ I ) — P ’~TT4(II))

94 1) P14(T ) = PMP,j7 + ?,

r - ,  ~tJ 90’)’)
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- TBIS PAGE IS B!ST QUALITY tci’ICABLl

F- C T * ? E ~
) e-’ r [~ ‘ ~ iC)* OOPY j  ~~1SH.~1D TO D~)C _~~~~~~~

t ’’ t)~ IF ( - ‘‘ .E - )~~~) 4 I T O  ~5i)fl

C l~’,jFn-4-A ~~~~~
I - I )  I Il l) 4 :JL • -\ F 1 -‘~~
Ti = ~c L* F L , ) A T ( 4 1)
IF (TIA E.L E .T 1J i~~J TI l~~1’-0

~ I ~ l) Cu’.T I”I- ’E
JL ‘JTIIE
IF (- lTj ~(F .LF .M4x~a~~J M M P  = ~~( I . -I T r - / E )
IF (-i T I ;~E.GT .M4~~i~~) ~~~ =
GO 10 1~~’)1”

1~~1)(’ IL = 4
Ti = U — DEL
T i  : ( T T - . ’ E—T t )/ l ) t L
If (J.~~i.GT .MA~~~2J  ~‘1) Tf~ 12. ’0
‘—‘I = ~ (l ,JL— t )
(
~ ( I _ .G f . -‘4 10-’) ~~

) T O 123 1)
: ? (I.JL)

GO 1)  1254 ’
P 1 :

1 23’) P.? = ~~ I,JL.MA ~~)2 )
) ?550 Pg ’? = Pt + TLe(i’P.Pt)
)%0f1 PPP = ?PP*ZZ + Ma

IF (KTYPE.LI .-.) bLi T i )  0 0 1) 4)
a PPP

IF (KTYPE . F4.j I) l~~ ( = (1.

flC) 1— t O i l  t:1.~~-M4S~
1U (i~ 

P’-.(T ) = P1
GO T 1) 9’ ) ’ ) ’ )

C i-.O~J .li’i IF)~~’ LOA ’J .
15(1 0 l i t~i I e— 00 K:JL.NI 1 4E

T I  a O E L * F L O A T ( K — l )
IF f 1 1 - iE . LE.T i )  ‘J T~) 171)0

1 6,10 CL)-’3TI~~uE
JL :
G a ’ T O 1*00

1700 JL = K
= T I  — (DEL

Ti = (TIME ~~TI )/-)tL
154 ’ ) ’ )  IF ( 4 T Y P E . G T .~~) 

~~ti T i ?400
C

j F  ( J . . L T .I- 1 I ’~’~~) G J  1) i~~ 0t1

00 15 4 5 0  KG =
IF (.T1”E .LE . -- ’AX V .Ifl “.4TT9 (K~~) :
IF c - r r - A E . G T .M A A UdI TT~~(<~.) =

1 4’i fl Ct ’ T I  ‘i t l E

i , i l T J  ?4) ~’f l
jOn’) 0’~ i~~5’)

jF ( V J L~~~) .‘;T .~~A *uP  ~~ J T~ 1- 92fl
Pt : ~ (sG .JL—1 )
IF (JL..GT .~~AX O2) ‘,.) 1-) t °3 0
P.)
1’~~~l T~ 1~~5C,

l~~~” ~— t  =
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14V’ P? = i ( K r,.JL~~i.- M A t ) 2 )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
l9’~’) 

(1(QTI-’ (KG ) : Pt + 1t * ( ~~? — P))

C
2000 ~ = 0

DO ?3’~O I:1.~”Gt
IF (~JPX .F ).1) lii) I) ‘- )~~~

(

I I  = 111 (1)
Dl = 311(1)

2054’ 00 2300 J=1 , -’4P1
if (‘j )SE (J,I).tul .’)) 1) TO 241)0
4 : 4 + 1
IF ( “ PY ,F~Q~~j )  i~j  T j  in n
JJ = J Y J ( J )
QY :  OV 1 ( J )
P1 = ? Q T T M ( J J )
PPP : Pj + PY* (Pi4TI --~(JJ.1) — Pt )
P4(4) PPM*fl • M~
GO T I) ~ 30A

2100 IF (J.GT .1 ) GO To) 22’)()
Pl :P~~IT4~(II)
ppp = (Pj • Ox* (P.4IT-4 (It,1) — Pt))*ZZ

200  PA C K )  = PPP •
23’ ) fl CO”ITI’l (JE

GO TO 900’)
C
244)0 IF (JL.LT .-’IIME ) fl 1’) 75’)()

00 2 4 5 0  KG 1.-~~~,U’4
IF (~~T f M E . L E . MAI~s 2 )  0 T T I - ( 6 G )  : P( KG , ’-ITPIE)
IF (~~TIME.GT .M4Xu2 ) PJTT~~(Ki ) = (~( K G, -\~T I M E — ~1 A X O 2)

2454’ CO~~TT - ’IUE
GO Ti) 2604’

2501 00 2550 W 1 , - -~G~~j - (
IF ( J L— 1 . GT .-’4* 02)  3~

) TO PS?’)
= P ( K G . J L — t J

IF (JL.GT .M AXD2) GLi T I 2534)
= P( K r ,,JL)

GO TO 2’5550
PS?’) RI =
~S~~0 P~ :
‘5 50 I-’WTTP (KG ) = Pt + Tt* (M?~~P1)
Pa,O f, 00 .7’)’) I:l, l~~A~~S

= I S P ( I )
~S1)O (I)

Pt = MPTTR (jI)

~70’) R’4L1 ) = 7Z.(Pl • )*e(P~ TT ’~- (TI. 1) — R i ) )  + ~~~~

C
On’)’)

I
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