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1. INTRODUCTION

This study represents the first step in the development of a methodology to analyze the
structural response of aircraft wings with combat damage. An attempt is made to find an adequate
structural model that could subsequently be used to accurately calculate static and dynamic

aeroelastic characteristics.
The first step in this effort involved the following tasks:

a) Develop modeling techniques for efficiency and accuracy
b) Compare calculated deflections with experimental data
- ¢) Calculate natural frequencies and mode shapes

The overall objectives of this work are to:

a) Select a finite element model and predict failure loads for a damaged wing structure

b) Develop an aerodynamic model based on the finite element model (item a.) for static
aeroelasticity, flutter analysis, and dynamic aeroelasticity.

c) Idealize a box-beam type finite element model as a plate-beam type to save computing time
and reduce the effort required to model a damaged wing.

T-38 wing deflection data from tests conducted in 1960 were obtained from the Northrop
Corporation, Norair Division, See Reference [1). During these tests, the aircraft was supported at
the forward and aft fuselage by two steel jigs tied to a steel erectile structure. Wing loading was
accomplished by means of hydraulic hand pumps and pressure gages, Northrop electrically-
operated load maintainers, and Edison hydraulic proportioning units.

1.1 General Approach to the Problem

The MSC/NASTRAN and MSC/PAL2 finite element analysis programs were used initially to
‘analyze the wing structure. They have special tools for the analysis of thin-skinned aircraft




structures. Following this effort, the MSC/NASTRAN Aeroelastic code was used for static aeroelas-

tic response, fiutter, and dynamic aeroelastic analyses.

The finite element mode! designated as Model 1, shown on pages 7 and 8, is the baseline for
the study and is used in each of the analyses. These analyses and the associated MSC/NASTRAN
and MSC/PAL2 solutions are approached as follows:

1. Finite element models of the structure are develcped te obtain static displacements for -
comparison with experimental data. A static solution option is used.

2. Natural frequencies and mode shapes, involving an eigenvalue problem solution, are

determined using a dynamic option.

Four finite element model variations were developed and compared with test results. Different
types of wing skin elements are used for each of the models. Shear panel elements are used for
the spar and rib webs. Two different finite element models afe applied for the spar and rib chords,
one is modeled with the beam element‘ and the other is modeled with the rod element. To verify
these finite elernent models, Rattinger’s wing, Reference[2], is modeled and shown to have very
good agreement with the test results. See Appendix C. The best structural finite element model was
then used to calculate the wing static displacement, and to develop the influence coefficients
needed for the aeroelastic analysis. ‘

2. WING FINITE ELEMENT MODEL ANALYSIS

2.1 Wing Description

The T-38 wing structure is composed of aluminum panels (upper and lower surfaces) that are
riveted to the root rib, main spar, auxiliary spar, and tip rib. Data necessary to describe tne physical
characteristics of the wing for MSC/NASTRAN and/or MSC/PAL2 were generated from engineering
drawings. The numbers shown in Figure 1 repreéent the wing assembly parts. There are two
missing parts on the drawing: the leading edge spar chord and web and the minor rib chord and




web. Thase two webs were reconstructcd by knowledge of the dimensions of connecting rib webs
and edge views of these parts. More detail is shown in Figure 2.

Figure 1. I-38 Real Wing Structure.

2.2 Development of the Finite Element Model |

The first, and simplest, finite element model developed to describe the wing geometry shown
in Figure 2 is illustrated by Figures 3a and 3b. This baseline model is labeled Model 1. The nodes
in this model are located on the top and bottom surfaces of the wing at the intersection of two or
more of the sbér 'caps. rib flanges, or stringers. This model(Mode! 1) has a large aspect ratio

- quadrilateral plate. See Figures 3a and 3b. To reduce the aspect ratio, three other finite element

models were created. The second mode! has an increased number of elements between two major
ribs. For example, as seen in Figure 2, the area between ws 125.0 and ws 101.0 has an increased
number of elements. The same applies between ws 101.0 and ws 64.8. See Figures 4a and 4b.
The third model has an even greater number of the elements defined between the wing tip and wing
root as shown in Figures 5a and 5b. The fourth model is further modified to include triangular plates
and quadrilateral plates, See Figure 6. All the models used rod (beam), membrane plate, and shear
panel finite elements. The element substructures that are used to model the wing skins are




triangular membrane and bending elements and quadrilateral membranes and bending elements.
As shown in Figure 6 and Table 1, models QTSR4.DAT and QTSB4.DAT are composed of
triang':lar and quadrilateral plate elements for the wing skins. Several quadrilaterai elements are
divided into triangular elements for geometrical reasons or to change mesh spacing between
assemblies of quadrilateral plates. For models 1, 2, and 3 only triangular or quadrilateral plates are
used for the wing skins. Model 1 has plate elements with Iarge aspect ratios. To avoid large aspect
ratios, model 2 and 3 have been utilized. MSC/NASTRAN and MSC/PAL2 have special rod(truss
element) and shear panel model tools for the analysis of thin-skinned curved structures such as
aircraft. The shear panel element does not represent bending stiffnesses. The quadrilateral SHEAR
element(PSHEAR property card) supports an extensional force at grid points and a shear stress
within the element. Reinforcing ROD elements are used to carry the extensional load. Consequent-
ly, SSR1.DAT is used for this treatment and represents the shear panel elements that are used for
the wing skins and the spar and rib webs, while rod elements are used for the spar and rib chords.
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Figure 2. T-38 Wing Internal Structure.




The physical and material properties used in describing the substructure elements are defined

as follows:

a) Property cards(PSHELL, PSHEAR) identify the physical characteristics of the elements,
such as thickness, material identify, inertia, and mass of the wing skin and web.

b) Property cards(PBEAM, PROD) identify the physical characteristics of the spar and rib caps.

¢) Material card(MAT 1) describes the material characteristics, such as Young'’s modulus, shear
modulus, Poisson’s ratio: MAT1 is used for isotropic material.

d) Grid points(GRID) are assigned unique geometric locations in terms of fuselage station(FS),
wing station(WS), and water line(WL). GRID identifies the appropriate coordinate system and

unique constraints for the grid point.

e) Quadrilateral plate cards(CQUADA) identify the connection definition for an isoparamefric
quadrilateral with bending and membrane stiffness.

f) Triangular plate cards(CTRIA3) identify the connection definitio‘n for an isoparametric

triangle with bending and membrane stiffness.
@) Quadrilateral plate cards(CSHEAR) identify the connection definition for shear panel.

h) Elastic line element cards(CBEAM) identify the connéction definition for general beam

element.

i) Elastic Iine elemeht cards(CONROD) identify the connection and property definition for rod
with axial and torsional stiffness.

j) Load cards(FORCE) define concentrated loads at grid points.

k) Constraint cards(SPC) define single-point constraints and enforced displacements.

The finite element models of the T-38 wing structure were used to calculate static displace- '
ments for comparison with the Northrop test results. Of these four models, the one that compares




best to test results will be used in future analyses of the damaged T-38 wing and used in the

MSC/NASTRAN static and dynamic aeroelasticity and flutter solutions.

2.3 Designation of Finite Element Model

The file names for the wing mode!s follow the format XYZi.DAT, where X represents the wing

~ skin elements, Y the spar and rib web elements, Z the truss elements, i represents the wing model
number, and DAT represents the file extention. X denotes Q for quadrilateral plate elements and T

for triangular plate elements. Y denotes S for shear panel elements Z denotes R for rod elements
and B for beam elements. For instance, TSR1.DAT means the triangular plate element is used for

the wing skins, shear panel elements are used for the spar and rib webs, and rod elements are

used for spar and rib caps for Model 1. All webs in all models are represented by shear elements.

See Tables 1a and 1b.

‘Table 1a. Designation of Finite Element Model 1

FILE NAME QSB1.DAT | QSR1.DAT | TSB1.DAT | TSR1.DAT | SSR1.DAT

WING SKIN CQUAD4 | CQUAD4 CTRIA3 CTRIAS CSHEAR

SPAR & RIBWEB CSHEAR | CSHEAR | CSHEAR | CSHEAR | CSHEAR
SPAR & RIB CHORD CBEAM | CONROD | CBEAM | CONROD

Table 1b. Designation of Finite Element Model 2

CONROD |

QSB2.DAT QSR2.DAT TSB2.DAT TSR2.DAT
WING SKIN CQUAD4 CQUAD4 CTRIA3 CTRIA3
SPAR & RIB WEB CSHEAR CSHEAR CSHEAR CSHEAR
SPAR & RiIB CHORD CBEAM CONRQOD CBEAM CONROD
6




Table 1¢. Designation of Finite Element Model 3

FILE NAME QSB3.DAT QSR3.DAT 'TSB3.DAT TSR3.DAT
WING SKIN CQUAD4 CQUAD4 CTRIA3 CTRIA3
SPAR & RIBWEB CSHEAR CSHEAR CSHEAR CSHEAR

SPAR & RIB CHORD CBEAM CBEAM CONROD

CONROD

Table 1d. 'Designation of Finite Element Model 4

""""" ol MODEL 4 S
FILE NAME QTSB4.DAT QTSR4.DAT
WING SKIN CQUADA4 & CTRIA3 CQUAD4 & CTRIA3
SPAR & RIB WEB CSHEAR CSHEAR
SPAR & RIB CHORD CBEAM ~ CONROD

Figure 3a.




Figure 3b. Topview of Finite Element Model 1, TSB1,DAT and TSR1.DAT.

-

Figure 4a. Topview of Finite Element Model 2, QSB2.DAT and QSR2.DAT.

Figure 4b. Topview of Finite Element Model 2, TSB2,DAT and TSR2.DAT.
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2.4 Sizing of Rod Elements

In this study, rod and beam elements, activated through use of two opﬁonal cards(CONROD
and CBEAM), are used for spar and rib caps. As shown in Figures 7 and 8, the Channel-beam and
I-beam have top and bottom caps. The top and bottom caps are represented as a cross section of
a rectangular beam. Areas of the cross sections, |, and l,, are input for the CBEAM option. The
two caps (top and bottom) are resized as rod elements for the CONROD option. The rationala for
sizing rod elerients representing spar caps or rib caps is presented by Reference [3] and [4].
Property relationships are first determined for a structural member's cross section. The distance
from the top surface of the section to the centroidal axis is identified as h,. Similarly, the distance
from the centroidal axis to the bottom surface of the seciion is hy. Maximum bending stress at top
and bottom surfaces, respectively, are:

2

0
-lg
=

(1.a)

and

-1#

(1.b)

where M is the applied bending moment, and | is the section moment of inertia about the centroidal
axis.

In the four finite element models, the rod elements are assumed to be point areas and are
positioned at the top and bottom surfaces of a cross section of wing skins. The rod areas are sized
to maintain the location of the centroidal axis and the value of | for the section. Such a relationship
yielded

A, = Ay @

with A, and A, being the areas of the top and bottom rods. The bending moment, M, in the model
then becomes

M= orAth, + 0gAshy (3

10




Next, using actual section properties and desired mode! properties, the relationships of
Equations (1), (2), and (3) are combined to produce -

| .
AtRmoem - @
- and
' ‘ |

Ty “5)

Ap
wtiich are the rod element areas.
The actual T-38 wing has two major types of beams: C-beam and I-beam. The two different

types of beams were sized as rod elements to take a CONROD option for spar and rib chords. See
Figures 7 and 8. All calculated input data for rodbeam elements are presented in Appendix D.

a) C-Beam case: ws 125.0, between 15% chord and 22.75% chord

0.08 in

1.661195 in

0.08 in 0.08in

jp—— 1.246119 in —

Figure 7. C-Beam Case.
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_ (1.246119)(1.661195)° - (1.246119)(1.661195 ~ 2x 0.08)

b =0.147
) . = L = 0.1472808

l,, =0.04938

From equations (4.a) and (4.b), the rod cross-section area for top and bottom is

0.1472808

A, = =0.106741
'~ 0.8305975 x 1.661195 0.1067419

and the cross-section area of beam is

A, =0.08x%1.2461188 = 0.09969

In the case of the CONROD option, 0.10674 in? is used for the rod area and CBEAM option
0.09969 in?is used for the beam cross area.

b) I-Beam case: ws 101.0, between 15% chord and 22.75 % chord

0.08in
l | 1
2.12148
N.A.
(.08 in 0.08 in ——-— —
1] 1
— 1.8400 R—

Figure 8. |-:Beam Case.
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-7

_ (1.84)(2.19148)°  (1.84 - 0.08)(2.19148 - 2x 0.08)’

b _ | 1 =0.384183

=0.0831467

by

_ 2(0.08)(1.84)° +(2.19148 — 2 x 0.08)(0.08)°
. 12

From Equations (4.a) and (4.b), the rod and beam cross-section area for top and bottom is
obtained.

0.384183

= =0.15977
Aw=Tos57ax2.10148 - O 100778

Acp =0.08x1.84 =0,1472

in the above equations, the neutral axis(NA) is taken half the distance bétween the top and the
bottom because of the symmetric beam shape.

2.5 Boundary Conditions

X

Figure 9.
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The finite element model boundary conditions are based on the experimental conditions. As
shown in Figure 9, the y-z plane is a plane of symmetry and therefore x-displacements in this plane
are assigned zero values. The finite element models used in this report are constrained in the
x-directions at the aircraft centerline and in the z-direction at the wing roots. Point loading is applied

symmetrically at each of the loading points. See Figure 9.

3. GENERAL STRUCTURAL ANALYSIS EQUATION

Finite element structural analysis is a mathematical procedure to determine displacements,
velocity, acceleration, stress, and support reaction forces due to applied mechanical and/or thermal
loads that may or m~, not vary with time. The wing structures described in this study have several
hundred multiple degrees of freedom(MDOF).

Equations of equilibrium may be derived for each DOF in the structure and expressed as a

general structural analysis equation in matrix form:
M}{u} + [BJ{u} + [K}u} = {P} + {N} ®)

where [M], [B], and [K] are mass, damping, and st:ffness matrices of the structure, respective.y. The
symbols {ii}, { 0}, and {u} represent acceleration, velocity, and displacement vectors, respectively,
for the N degrees of freedom (N DOF) in the structure. Right hand side terms {P} and {N} refer to
static and/or time-varying applied linear and nonlinear ni2chanical and/or thermal loads in Eq. 5.
Constraint forces from the structure supports are obtained in the data recovery.

3.1 Linear Static Analysis
For static analysis of the T-38 wirg, the solutions(SOL 24 or 101) in MSC/NASTRAN and

(STAT2) in MSC/PAL2 are usad. The mathematical formulauon of the solution process is based on
the linear theory of elasticity. The stiffness matrix is formulated and then partitioned with respect to

the constrained and unconstrained degrees of freedom to be solved.




The finite element model developed allows the load(force) to be concentratc d at a grid point
for the static analysis. The set of forces is reduced to 1-set for the nodal forces from the constraint
partitioning resulting from satisfying the equilibrium equations for stiffness versus torce. In the static

load case Eq. 5 reduces to
[K}{u} = {P} ()

The vectors {P} and {u} represent the nodal forces and displacements, respectively, and the matrix
{K] represents the Finite Element Model stiffness matrix. For solution of the equations, MSC/PAL2
and MSC/NASTRAN reduces the stitfness matrix into its upper and lower triangular factors. Then
forward-backward substitution is performed for all the lower cases having the same constraints,
which is the case here. In this study, eight different ioads are applied at each different grid point as
shown in Table 2. The displacement solution for each load case contains three translational values
tor each grid point(except those displacements which are constrained). In this manner, transverso
displacements are calculated for nine grid points(A-1) shown in Figure 10. These displacements are
plotted and compared with experimental data. Figures 11 through 18 present these comparisons
for load applications from 200 Ib to 5000 Ib. Each loading has 6 plots a. b, ¢, d, e, and f. Plots a and
b represent comparisons of displacements from models TSBIi.DAT and TSRi.DAT and test data.
Plots ¢ and d represent comparisons ¢f displacements from models QSRi.DAT and QSBi.DAT and
tes& data. Plots e represent comparisons of displacements from models SSR1.DAT and test data *
anq‘ plot f represents a comparison of displacements from QTSR4.DAT and QTSB4.DAT and test
datz;. Each plot has three stations. The top station shows deflections of grid points A, B, and C(See
Figu%e 10), the middle station shows grid points D, E, and F, and the lowar station shows the
deﬂe\ tions of grid points G, H, and 1. In other words, the top station represents three grid points on
the ang station 125.0, the midd!e station represents three grid points on the wing station 101.0 and
the IoLver station represents three grid points on the wing station 64.8 The three grid points at each
station correspond to chord positions of 15.0 %, 44.0 %, and 66.6 % chord, respectively.

3.2 Dynamic Analysis

The modal analysis of the finite element model of T-38 wing is important to pertorming fiutter
analysis. Thaoretically, this is because the response of a structure to forced vibration (i.e., flutter)
is taken 1o be the infinite sum of the structure's free vibration mode shapes. Therefore, it is important



that verified mode shapes for the proper boundary conditions be obtained. In this report, the
dynamic analysis solution DYNA2 in MSC/PAL2 is used to calculate normal mode shapes anc

natural frequencies.

For this analysis, applied loads, geometric stiffnesses, and structural damping are set to zero.
Further assume that displacements at all locations on the structure have sinusoidal time variations

with the same frequency and phase relationship:

{u} = (¢} cos wt o)

where {9} is a vector of real numbers called an eigenvector. The general structural analysis { q. 5

becomes

[k - w*M}{g} = 0 | ()

where w is the circular frequency, and k is stiffness matrix.

Roots of the matrix in Eq. 8 yield structural natural frequencies. Many numerical eigenvalue
extraction techniques are available [Ref. 5] to determine the discrete set of eigen-frequencies(or
natural frequencies). Substitution of a discrete frequency into Eq. 8 allows evaluation of {} if one
degree of freedom is assigned an arbitrary magnitude. The column vector {o} is thus a normalized

eigenvector.

Individual terrhs in {¢p} may be visualized as vibration displacement extremes along the
structure as it vibrates sinusoidally at a specific natural frequency. Structural natural frequencies
are useful to know so that applied time-varying loads do not result in resonance with the structural
natural frequencics. Also, the eigenvalues and eigenvectors are useful in applying an arbitrary time
history to a structure. - |

Mass distribuﬁon is important in a dynamic vibration analysis. The default in mostfinite element
programs is to lump element mass into adjoining grid points. This is called a lumped mass approach
and results in a diagonal mass matrix. An alternative consistent mass approach uses the same
element shape tunctions used for element stiffness. A consistent mass matrix will have off-diagonal
terms as does the stiffness matrix, '




Table 2. Load Distribution at Each Node

_Node | Wing Stetion__| Chord Percent Load.to |

A 125.0 15.0 500

B 125.0 44.0 1,000

c 125.0 66.6 200

D 101.0 15.0 1,500
_E 1010 44.0 2,500

E 101.0 66.6 500

G 64.8° 15.0 3,000

H 64.8 44.0 5,000

| 64.8 66.6 NONE

WS 101.0 %
WS 125.0 l /

l

15.0%

44.0 %

66.6 % S

Figure 10. Position: of Loading Node.
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In this study, due to the soﬂwafe limitation of active degrees of freedom for normal modes using
MSC/PAL2, the command ELIMINATE is used to reduce the number of degrees of freedom. This
command(ELIMINATE) is stored in data file T38DYN.DAT(modified from data file QTSB4.DAT) for
the dynamic analysis. Degree of freedom reduction is performed in order to reduce a model to a
smaller size. This reduction is used primarily in the dynamic analysis, particularly to reduce the
model size to one solvable in MSC/PAL2 (225 active degrees of freedom for normal modes and
transient analysis). Though this reduction is not exact for the dynamic analysis, it is accurate
enough that the lowest one-third of the computed resonant frequencies are accurate within 1
percent difference. The first ten natural frequencies are shown in Table 3 and the first ten mode
shapes are in Figures 19a-j. The x and y translation and z rotation are constrained to calculate only

the bending vibration.

Table 3. Natural Frequencies of T-38 Wing

Mode No. | Natural Frequencies (cps)
1 4.643

6.745
7.092
7.105
7.799
7.944
8.269
10.681
11.542
12.655

O 100 [N [ o [ [N

-t
(=]
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Figure 16e. Comparison of Displacements from SSRB1.DAT and Test.
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Figure 19c. Numerically Predicted Made Shape 3, wy= 2.092.
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Figure 19d.
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Figure 19e.

Figure 191. Numerically Predicted Mode Shape 6, wp=7.944.
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erically Predicted Mode Shape 10, wn= 12.655.

NOTE: ------ Undeflected ' |
Mode Shape ‘

|
4. DISCUSSION OF RESULTS » |
|

Al results calculated by MSC/NASTRAN and MSC/PAL2 are in very good agreement fwith the
test results. In this report, eight different loadings are applied at each node. In a few loading cases,
the finite element resulfs' are slightly different from the test results, especially for the 3,000 b and
5,000 Ib loading cases. The differences are due in part to model variations and approximations

relative to the actual wing structure.

The T-38 wing skin has a slight curvature, therefore, some regior:s of the model skin structure
require finer meshing. To achieve this, triangular elements are used instead of quadrilateral
elements. Sets of data files QSRi.DAT and QSBi.DAT having quadrilateral elements are modified
to the sets of data files TSRi.DAT and TSBi.DAT having triangular elements. This produces better
agreement. The results from TSRi.DAT and TSBi.DAT agree very well with test results for the 500
Ib, 1,000 Ib, 200 Ib, 1,500 Ib, 2,500 Ib, and 500 Ib loading cases as shown in Figures 11a, 11b, 12a,
12b, 13a,13b, 143, 14b, 153, 15b, 16a, and 16b. The QSRIi.DAT and QSBi.DAT agreement is good,

46

,“




but not as good as the results of TSRi.DAT and TSBi.DAT because of large aspect ratio quad-
rilateral plates. For example, in the case of 2,500 ib loading at node E, the results from TSR3.DAT
show that the difference the between calculated and test results is 1.46 percent, and the results
from QSR3.DAT has a 14.9 percent difference(in case of the deflection at node E).

In addition, the combination of quadrilateral and triangular plates is 'e\)aluated in this report. -
The corresponding two data files(Model 4 in Table 1) are QTSR4.DAT and QTSB4.DAT and are
actually modified from QSB3.DAT and QSR3.DAT. In this case, the difference between the
calculated and test results is 0.46 percent. Of particular interest, the combination of quadrilateral
and triangular plate is adequate for this kind of wing skins as shown in Figures 11f-18f. In other
words, use of this combination for the T-38 wing skins is significantly different as shown ir: Figures
15b, 15d, and 15f. Both test results and calculated results show that the loads in eight different
loading cases has resulted in bending of the wing about axes paralle! to the ribs and has imposed
very little torsion. All results are shown in Figures 11-18.

The choice of the type of spar and rib chords depends on the wing structural model. For the
current work, the spar and rib chords of the T-38 wing are modeled as beam(bar) and rod elements
in separate wing models. The method of sizing the rod elements of the spar and rib of the wing is
explained on pages 11-14. The results from TSBi.DAT, TSRi.DAT, QSBi.DAT, QSRi.DAT,
QTSB4.DAT, and QTSRA4.DAT, show the difference between the CBEAM option and the CONROD
option for spar/rib chords is not significant. For example; Figures 11aand 11b show that using either

option does not make any difference.

According to Reference [4], one way to treat the the effective areas of the rod element is a
summation of its own area, plus the additional term comprised of the skin thickness between the
two rods times one half the distance between the rods. There is assumed to be no bending and
membrane stifiness in the top and bottom skins(as compared to a real wing structure and
box-beam). Because of this assumption, the rod element stiffness is increased. It is the author’s
experience that a typical difficulty exists in the calculation of the effective area of rod. For example,
from equation A,y = A; + bt/2 (b is the distance between two spar or rib chords, t is the thickness
of wing skins, and, Ay is the physical cross section area of spar and rib chords), and the value of b
should be defined. In the case of the T-38 wing, it has a general quadrilateral shape, so an average
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value of b is taken. This procedure is used in the Model SSR1 .DAT (See section 2.3 ). SSR1.DAT
has the shear panel option for the top and bottom skins and spar and rib webs: The weakness,
difficulty of the calculation of the effective area of rod, in using this procedure is shown in Figures
11e-18e.

Figures 19a-j show ten flap bending modes and the associated naturall frequencies. The
natural frequencies for the higher modes appear in Table 3. At this time, test data are not available
for correlation with dynamic test results.

5. CONCLUSIONS

In this report, results of a static and dynamic analysis of an undamaged T-38 wing have been
pfesented. Seven different structural models of the wing have been studied. Model 4(QTSR4.DAT
and QTSB4.DAT) it featured quadrilateral and triangular plate elements for the wing skins, shear
panel elements for spar/rib webs and rod or bar(beam) elements for spar/rib chords gives the best
comparison with the available static data. Also, this model (used to reduce the problem size) is
efficient and accurate as shown in Figures 11f-18f. Model 4 will be used as the T-38 wing model fo~
static and dynamic aeroelasticity and flutter solutions because an accurate determination of
influence coefficients is needed in such analysis.

Model SSR1.DAT that used shear panel elements for the top and bottom wing skins instead
of quadrilateral or triangular plate elements is not adequate for a complex wing as discussed earlier

in this report as shown in Figures 11e-18e.

The CBEAM option used for the spar and rib chords instead of the CONROD option is strongly
recommended to create finite structural models for the T-38 wing or similar type wings.

6. RECOMMENDATIONS

The following recommendations are based on this research.
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1) Improved results can be expected by using more nodes and elements than uséd in models

1,2,3,0r4,

2) The T-38 wing skin has variable thickness, so it is recommended that the CQUADB cardin
MSC/NASTRAN be used to define a curved quadrilateral shell element with eight grid points. For
the triangular plate, CTRIAS will be used in the follow-on effort..

3) A damaged T-38 wing structural test should be performed to allow correlation with the
MSC/NASTRAN finite element code predictions.
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APPENDIX A:

Finite Element Mode! Numbering Details
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APPENDIX B:

Finite Element Model for Top, Middle, and Bottom
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Figure B4. Fini
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APPENDIX C:

Rattinger's Wing
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1. Introduction

Typical static plate(box-beam) deflection analysis are sampled why different plate element are
used in this report. Rattinger's wing is examined because of its structural simplicity and ease in
checking out various portions of the digital program. This wing has unswept, untapered, constant-

thickness, and oontinuous'skin.
2. Boundary Conditions

This wing is considered as cantilever plate(box-beam). Al fixed at wihg root and all free at 15
grid points as shown in Figure C2. 100 Ibs is loaded at node 3.

3. Description of Finite Element Model

Five sets of SSR.x data are used for the SHEAR panel option for the top and bottom skins as
shown in Table C1. Data SSR.1 and SSR.2 are from Equation C1 and SSR.3 and SSR.4 are from
Equation C2. As explained in Section 2.4, Ay is obtained and then Ay is determined for the top and

bottom spar/web chords.
byt
At = Ay + %.’. ‘ (C1)
bty byt o
A‘" -A'+-—1é—1'+—22—2~ (C2)
A by
\ : hl
T f % Q
b2 t2
-l O

Figure C1. General Box-Beam End View.
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Figure C2. Geometry of Structural Model.
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|

j

Spar Web Thickness
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L

Figure C3. Einite Element Model Using Eq. C1.
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i
i
]

MWW v iv

Spar Chord Area

Agi=Ags = At +

|
|
3.78x0.064 _ 14297 in?

2
3.75+3.75

As2 = Agq = As +( 2

Agy = 2A; +3.75x0.064 = 0.28850 in?

)% 0.064 = 0.26361 in?

Rib Chord Area
A= A;+5x0.064 = 0.34361 in?
Arz = Ay = A +10 % 0.064 = 0.66361 in?
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Figure C4. Einite Element Model Using Eq. C2.
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Ags = 2A; +2.75 X 0.064 + 9-‘99-73"—0;% =0.32838 in?

Rib Chord Area

Ay = Ar +5x0.064 +&%-°;91= 0.36355 in?
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Az = Az = A +10x0.064 + = 0.68355 in?
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Figure C8. Eini
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Table C1. Finite Ciement Model Designation of Rattinger's Wing

ELEMENTS
MODEC
ELEmENT  STIFFNESS | gwﬁsﬁns STIFFNESS | STAoRTe.
SSR.1 CSHEAR NC . _CSHEAR NO CROD
SSR.2 CSHEAR YES - | CSHEAR _ NO __CROD
SSR.3 CSHEAR ! NO ___CSHEAR NO CROD
SSR.4 CSHEAR YES __CSmEAR NO CROD
__SSR5 CSHEAR | NO CS~EAR YES | CROD
QSR.1 CQUAD4 . YES  CS=EAR NO | CRCD
QSR.2 CQUAD4 . NO CSHEAR NO | CROD
TSR.1 CTRIA3 :  YES CSHEAR NO i CROD
TSR.2 CTRIA3 NO | CSHEAR ~ _NO | crmop
QSR.3 CCUAD4 YES CSHEAR = NOD CROD
QSR.4 CCQUAD4 NO CSHEAR | NO CROD
| __TSR.3 CTRIA3 NO CSHEAR | NO __CROD
TSR.4 CTRIA3 NO CSHEAR NO CROD
QSB.1 CQUAD4 YES CSHEAR NO CBEAM
QsB.2 CQUAD4 NO CSHEAR NO ! CBEAM
TSB.1 CTRIA3 YES CSHEAR NO CBEAM
TSB.2 CTRIA3 NO CSHEAR NO CBEAM
QsSB.3 CQUAD4 YES CSHEAR NO CBEAM
QSB.4 CQUAD4 NO CSHEAR NO CBEAM
TSB.3 CTRIA3 YES CSHEAR NO CBEAM
TSB.4 CTRIA3 NO CSHEAR NO CBEAM
_ |__©ooR1 CQUAD4 YES i _ CQUAD4 YES CROD
QQR.2 CQUAD4 YES CQLAD4 NO CROD
TQR.1 CTRIA3 __YES CQUAD4 YES CROD
TQR.2 CTRIA3 | YES CQUAD4 NO CROD
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Table C2. Comparison of Displacen:ents from FEM and Test

NODE 1 2 3 4

MODEL
_TEST 0.1520 0.1549 0.1572 0.1541 0.1514 0.0813 0.0833
SSR.1 0.1457 0.1466 0.1477 0..466 0.1457 0.0757 0.0760
SSR.2 01288 | 9.1397 | 0.1408 0.1397 0.1388 0.0723 0.0725
SSR.3 0.1622 0.1632 0.1643 0.1832 0.1622 0.0843 0.0845
SSR4 0.1537 0.1547 0.1558 0.1547 0.1537 | 0.0800 0.0802
SSR.5 0.1486 0.1496 0.1507 0.1496 0.1486 0.0776 0.0779
QSR.1 0.1482 0.1499 0.1513 0.1499 0.1482 0.0760 0.0773
QSR.2 0.1563 0.1581 0.1595 0.1581 0.1563 0.0799 0.0813
TSR 0.1453 0.1467 0.1479 0.1464 0.1446 0.0746 | 0.0757
TSR.2 0.1556 0.1572 0.1585 0.1570 0.1551 0.0797 0.0809
QSR.3 0.1315 0.1332 0.1347 0.1332 0.1315 0.0685 | 0.0697
 _QSR.4 0.1610 0.1630 | 0.1645 0.1630 0.1610 0.0830 0.0846
TSR3 0.1303 0.1315 0.1325 0.1308 0.1288 0.0681 0.0689
TSR4 0.1604 0.1622 0.1636 0.1620 0.1601 0.0828 0.0841
QSB.1 0.1£06 0.1523 0.1537 0.1523 0.1506 0.0782 0.0785
QSB.2 0.1589 0.1007 0.1622 0.16C7 0.1589 0.0813 0.0827
TSB.1 0.1475 0.1490 0.1502 0.1486 0.1468 0.0758 0.0769
TSB.2 0.1581 0.1598 0.1611 0.1596 3.1577 0.0810 0.0823
Qs8.3 0.1325 0.1342 0.1357 0.1342 0.1325 0.0690 0.0702
QsB.4 0.1625 0.1645 0.16860 0.1645 0.1625 0.0838 0.0853
1SB.3 0.1312 0.1325 0.1335 0.1317 0.1297 0.0686 0.0694
TSB.4 0.1619 0.1637 0.1650 0.1635 0.1615 0.0836 0.0849
QQR.1 0.1326 0.1342 0.1335 0.1342 0.1326 0.0684 0.0695
QQR.2 0.1435 0.1451 0.1468 0.1451 0.1435 0.0736 0.0748
TQR.1 0.1302 0.1316 0.1328 0.1314 0.1298 0.0673 0.0683
TQR.2 0.14G7 0.1422 0.1433 0.1418 0.1401 0.0724 | 0.0734

Ui
[o2]
ﬂ

NOTE: All Dimensions in Inches
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Table C2. Comparison of Displacements from FEM and Test (Con't)

12

8 9 10 1" 13 14 15
00842 | 00826 | 00816 | 00241 | 00261 | 0.0254 | 00249 | 00239
00761 | 0.0760 | 0.0757 | 00215 | 00216 | 0.C216 | 0.0216 | 0.0215
00727 | 00725 | 00723 | 0.0206 | 0.0207 | 0.0207 | 0.0207 | 0.0206
00847 | 00845 | 00843 | 0.0239 | 0.0240 | 0.0240 | 0.0240 | 0.0239
00804 | 00802 | 0.0800 | 0.0228 | 0.0228 | 0.0208 | 00228 | 0.0228
00780 | 00779 | 00776 | 00222 | 00222 | 00222 | 00222 | 0.0222
00778 | 0.0773 | 0.0760 | 0.0206 | 0.0222 | 00225 | 00222 | 0.0206
00819 | 00813 | 0.0799 | 0.0216 | 00233 | 0.0236 | 00233 | 0.0216
00761 | 00754 | 00739 | 00206 | 00217 | 00219 | 00215 | 0.0202
0.c314 | 00807 | 0.0791 | 0.0218 | 0.0231 | 00233 | 0.0230 | 0.0216
00702 | 00697 | 00685 | 00194 | 0.0205 | 0.0208 | 0.0205 | 0.0194
00852 | 0.0846 | 00852 | 0.0231 | 0.0245 | 0.0249 | 0.0245 | 0.0231
00690 | 0.0682 | 0.0667 | 0.0195 | 0.0203 | 0.0204 | €.0200 | 0.0224
00846 | 00839 | 00823 | 00232 | 00244 | 00247 | 0.0243 | 0.0227
00790 | 00785 | 0.0782 | 0.0210 | 0.0225 | 0.0228 | 0.0225 | 0.0210
00833 | 0.0827 | 0.0813 | 0.0220 | 00236 | 0.0240 | 0.0236 | 0.0220
00723 | 00765 | 0.0750 | 0.0209 | 00220 | 00222 | 00219 | 0.0205
00827 | 0.0820 | 0.0804 | 00222 | 00235 | 0.0237 | 0.0233 | 0.0219
00707 | 0.0702 | 00690 | 00195 | 00206 | 0.0209 | 0.0206 | 0.0195
0.0860 | 0.0853 | 0.0838 | 0.0233 | 00247 | 0.0251 | 0.0247 | 0.0233
0.0695 | 0.0687 | 0.0672 | 0.0196 | 02051 | 0.0206 | 0.0201 | 0.0188
00854 | 00847 | 00831 | 00234 || 00247 | 00249 | 00245 | 0.0220
0.0700 | 00695 | 00684 | 0.0187 ||0.0201 | 0.0203 | 0.0201 | 0.0187
00754 | 00748 | 0.0736 | 0.0200 |0.0215 | 0.0218 | 0.0215 | 0.0200
0.0686 | 0.0681 | 00668 | 00187 | l0.0197 | 00199 | 0.0196 | 0.0184
00738 | 0.0731 | 00717 | 00200 | lo.0211 [ 00212 | 0.0209 | 0.0196

NOTE: All Dimensions in Inches

85




INTENTIONALLY LEFT BLANK

86




APPENDIX D:

input Data for QSR1.0AT
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S0L 24

TIME 44

DIAG 8

CEND
MAXLINES=3000
METHCD=1

SET 4 = 1 THRU 48
DISPL =4

SUBCASE 1
LOAD = 1
SUBCASE 2
LOAD = 2
SUBCASE 3
LOAD = 3
SUBCASE 4
LOAD = 4
SUBCASE 5
LOAD = 5
SUBCASE 6
LOAD = 6
SUBCASE 7
LOAD = 7
SUBCASE §
LOAD = 8
BEGIN BULK
$ EID CD
GRID 1
GRID 2
GRID 3
GRID 4
GRID 5
GRID 6
GRID 7
GRID 8
GRID 9
GRID - 10
GRID 11
GRID 12
GRID 13
GRID 14
GRID 15
GRID 16
GRID 17
GRID 18
GRID 19
GRID 20
GRID 21
GRID 22
GRID 23
GRID 24
GRID 25
GRID 26
GRID 27
GRID 28
GRID 29
GRID 30
GRID 31

-101.

118.

“101.

X

125.
125,
125,
125.
125,
125.

118.
111.
111.
101,
101.
101.

101.
101.
101.
101.

CO0O0OO0CO0OO0O0O0O0OOOOO0OOCOOOO

101.
85,
83.
77.
76.7
72.
72.
64.
64.
64.8
64.8
64.8

~N N =
LS Ve

@ 00NN
[$, 0¢8]

Y

378.467
381,997
385.186
388.261
391.678
401.974
389.538

400.936"

387.398
399,897
366.238
369.983
371.076
373.729
375.445
377.474
379.659
381.220
384.341
398.386
379.507
395.772
377.232
394.808
375.551
394.148
347.793
353.065
358,337
363.608
368.880

89
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.773135
.888060
.961194
.002985
.992538
.721000
.063861
.852989
.265638
.937355
.042225
.149255
.159702
.272963
.264180
.328600
.328600
.337315
.319072
.093750
.530144
.273870
.646627
.331552
.770699
.397101
.457463
.572388
.729100
.736940
.854480

CONSTRAINT

. 456

45¢
456
456
456
456
456
456
456 -
456
456
456
456

456 - ... ..

456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456

R FOR WEB




GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID

GRID

GRID
‘GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID

QO 00 00 00 OO 00 0O N BN ~J
vrn

~3 W
~ N
~J

Fde o o o @ . e o e 8 o o . e
WOOOOOOOODOOCOOO0OOO0OOOOO0OO

~ N
o

oY
=S o0
Ul O ~J

.231

oW
[¢)]

373.
.042
330.
336.
342.
3409.
356.
361.
362.
386.
330.
336.
342.
349.
'356.
361.
386.
378.
381,
385,
.261

388

391,
401,
389.
400.
387.
399.
366.
369.
371.
373,
375.
377.
379.
381,
384,
398.
379.
395,
377.
394,
37s.
394.
.793

347

353.
358.
363.
368.
.273
393.
330.
336.
342,
349,
356.
361.
362.
386.

373

90

273

021
408
867
400
008
572
731
424
021
408
867

008
572
424
467
997
186

678
974
538
936
398
837
238
983
076
729
445
474
659
220
341
386
507
772
232
803
551
148

065
337
608
880

042
021
408
867
400
008
572
731
424

FEONDODNDNDHEEHENDNDNDNDNDNRE -

.828350
.462650
. 922389
.037314
.162685
.340299
.371642
.194030
.156426
.947470
.922389
.037314
.162685
.340299
.371642
.194030
.947470 -

.77313
.88806
.96119
.00298
.99253
.72100
.06386
.85299
.26564
.93736
.04223
.14926
.15970
.27296
.26418
.32860
.32860
.33732
.31907
.09375
.53014
.27387
.64663
.33155
.77069
.39710
.45746
.57239
.72910
.73694
.85448
.82835
.46265
.92239
.03731
.16269
.34029
.37164
.19403
.15643
.94747

456

456

3456
3456
3456
3456
3456
3456
3456

3456
1456

1456
1456
1456
1456
1456
1456
456
456
456
456
455
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
456
3456
3456
3456
3456
3456
3456
3456
3456




GRID
GRID
GRID
GRID
GRID
GRID
GRID

$

CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD

OCOO0OO0OOO0OO

OCOO0OO0OOCOO

330.
336.
342.
349.
.008

356

361.
386.

H
O

PHRHERERPREEEPREREREREREREHEBRERREREBRONNNNN R S e e e e e e e e

(o]
—d

021
408
867

572
424

.92239
.03731
.16269
.34029
.37164
.19403
.94747

.106742
.110107
.112086
.112622
.119206
.255194
.246097
.159778
.159778
.164029
.164029
.166860
.166860
.167765
.167765
.163841
.154423
.139074
.139074
.667360
.681896
.689985
.695839
.699954
.681363
.213887
.223157
.237261
.256984
.274676
.192684
.362960
.094927
.095374
.097067
.128680
.148729
.128680
.148729
.128680
.148729
.400786
.084990
.091382
.128673
.126535
.147487
.145914

1456
1456
1456
1456
1456
1456

. 1456




CONROD 49 21
CONROD 50 22
CONROD 51 23
CONROD 52 24
CONROD 53 25
CONROD 54 26
CONROD 35 27
CONROD 56 28
CONROD 57 29
CONROD 58 30
CONROD 59 -31
CONROD 60 32
CONROD 61 40
CONROD 62 33
CONROD 63 34
CONROD 64 35
CONROD 65 36
CONROD 66 37
CONROD 67 38
CONROD 68 39
3lower skin chords
CONROD 69 49
CONROD 70 50
CONROD 71 51
CONROD 72 52
CONROD 73 .53
CONROD 74 55
CONROD 75 57
CONROD 176 59
CONROD 177 60
CONROD 78 6l
CONROD 79 62
CONROD 80 63
CONROD 81 64
CONROD 82 65
CONROD 83 66
CONROD 84 67
CONROD 85 69
CONROD 86 71
CONROD 87 73
CONROD 88 75
CONROD 89 76
CONROD 90 77
CONROD 91 78
CONROD 92 79
CONROD 93 80
CONROD 94 82
CONROD 95 83
CONROD 96 84
CONROD 97 85
CONROD 98 86
CONROD 99 88
CONROD 100 49
CONROD 101 50
CONROD 102 51
CONROD 103 52
CONROD 104 53
CONROD 105 54

= e s B o e 1 b e e = S RO N NI R R N i o o e e S e B B P S e S

«© .
N

o b S D e e s e
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.147487
.145914
.163193
.145914
.163193
.145914
.623202
.136110
.158313
.196573
.168040
.390376
.390376
.104919
.172374
.145401
.167005
.184835
.216165
.243853

.106742
.110107
.112086
.112622
.119206
.255194
.246097
.159778
.159778
.164029
.164029
.166860
.166860
.167765
.167765
.163841
.154423
.139074
.139074
.667360
.681896
.689985
.695839
.699954
.681363
.213887
.223157
.237261
.256984
.274676
.192684
.362960
.094927.
.095374
.097067
.1238680
.148729




CONROD 106 55 57 1 0.128680
CONROD 107 56 58 1 0.148729
CONROD 108 57 67 1 '0.128680
CONROD 109 58 . 68 1 0.148729
CONROD 110 59 75 1 0.400786
CONROD 111 60 76 1 0.084990
CONROD 112 62 77 1 0.091382
CONROD 113 64 78 1 0.128673
CONROD 114 66 79 1l 0.126535
CONROD 115 67 69 1 0.147487
CONROD 116 68 70 1 0.145914
CONROD 117 69 71 1 0.147487
CONROD 118 70 72 1 0.145914
CONROD 119 71 73 1 - 0.163193
CONROD 120 72 74 1 0.145914
CONROD 121 73 80 1 0.163193 -
CONROD 122 74 81 1 0.145914
CONROD 123 75 82 1l 0.623202
CONROD 124 76 83 1 0.136110
CONROD 125 77 84 1 0.158313
CONROD 126 78 85 1 0.196573
CONROD 127 79 86 1 0.198040
CONROD 128 80 88 1 0.390376
CONROD 129 . 88 87 1 0.390376.
CONROD 130 81 89 1 0.104919
CONROD 131 82 90 1 0.172374
CONROD 132 =~ 83 91 1 0.145401
CONROD 133 84 92 1 0.167005
CONROD 134 85 93 1 0.164835
CONROD 135 86 94 1 0.216165
CONROD 136 87 95 1 0.243853
$CONROD 137 41 48 1 0.24
SCONROD 138 89 96 1 0.24

. § EID Gl G2 MID csa
CONROD 201 1 49 1 0.24
CONROD 202 2 50 1 0.21
CONROD 203 3 51 1 0.24
CONROD 204 4 52 1 0.24
CONROD 205 5 53 1 0.24
CONROD 206 6 54 1 0.24
CONROD 207 7 55 1 0.24
CONROD 208 Y’ 56 1 0.24
CONROD 209 9 57 1 0.24
CONROD 210 10 58 1 0.24
CONROD 211 11 59 1 0.24
CONROD 212 12 60 1 0.24
CONROD 213 13 61 1 0.24
CONROD 214 14 62 1 0.24
CONROD 215 15 63 1 0.24
CONROD 216 16 64 1 0.24
CONROD 217 17 65 1 0.24
CONROD 218 18 66 1 0.24
CONROD 219 19 67 1 0.24
CONROD 220 20 68 2 0.24
CONROD 221 21 69 2 0.24
CONROD 222 22 70 2 0.24
CONROD 223 23 71 2 0.24
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CONROD
CONROD
CONROD

" CONROD
CONROD
CONROD
CONROD
CONROD
CONRCD
CONROD
COWROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
CONROD
SCONROD
$CONROD
SCONROD
SCONROD
SCONROD
S$CONROD
$CONROD

$

CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUADA4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUADA4
CQUAD4
CQUAD{4
- CQUAD4
CQUADA4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4

224

228

236
237
238
239
240
241
242
243
244
245
246
247
248

EID
101
102
103
104
105
106
107
108
109
110
111
112

114

115

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

BID

104

127
128

130
131
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CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUADA4
CQUJAD4
CQUAD4
CQUAL4
CQUADA4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4
CQUAD4

$

PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL

132
133
134
135
136
137

‘138

139
140
141
142
143
144
145
146
147

148 -

149
150
151
152
153
154
155
156

PID

120
121
122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
149
141
142

144
145
146
147
148
149
150

‘151

152
153
154
155

155
MID1

LSRR - R B Rt T R Y Y T N N - . O N - Y

.258
.290
.065
.055
.055
.055

56
58
68
76
77
78
79
80
70
72
74
81
83
84
85
86

- 87

89
91
92
93
94
95
48
96

MID2
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©
(3]
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PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL

PSHELL -

PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL
PSHELL

$

CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

¥ VT T SN Y- WV N A S - S T R B

—
o

WO WN KT
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.058
.038
.038
.1115
.10€5
.115
.12:8
.1215

[ R R R O Y Y Y N -G - g N I )

G2 G3 G4
50 2 1

51 3 2

52 4 3

53 -5 4

54 6 5

56 8 7

58 10 9

60 12 11
61 i3 12
62 14 13
63 15 14
64 16 15
65 17 16
66 18 17
67 19 18
68 20 19
70 22 21
72 24 23
74 26 25
76 28 27
17 29 28
78 30 29
79 31 30
80 32 31
81 33 32
83 35 34
84 36 35
85 37 36
86 38 37
87 39 38
59 11 1

[{e]
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CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHERR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR
CSHEAR

S

PSHEAPR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
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61
63
65

56
57
58
67
68
75
76
77
78

69
70
71
72

74
80
81
82
83
84
85
86
88
87
89
90
91
92
93
94
95
89

g7

WoJdJoOUvs W




PSHEAR -

PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR

PSHEAR

PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR

PSHEAR -
PSHEAR -

PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR

PSHEAR

PSHEAR
PSHEAR
PSHEAR

PSHEAR

PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR
PSHEAR

CIRIA3
CTRIA3

PSHELL

$
MAT1
MAT1

MID
4
2

e e R R R R R N R R e R EE RN PN PE RN PN P P RE PU RPN RN RU PR RS DU RE DY RN PR S DU PP PR YN ESY SYSE N

O

E
10.3E6
30.0E6

0.365
0.365
0.365
0.365
0.365
0.365
0.10

0.10

0.10
0.10
0.10
0.16
0.09
0.09
0.09
0.12
0.12
0.12
0.12
0.12
0.12
0.16
0.09
0.09
0.09
0.09
.12
0.14
0.12
0.14
0.12
0.14
0.12
0.14
0.16

0.105
0.11
0.11
0.11
0.11
0.11
0.08
0.08
0.10
0.09

0.105
0.1

40
88

0.3
G

41
89

NU
0.3

98




MAT1
MAT1

FORCE
FORCE
FORCE
FORCE
FORCE
FORCE

- FORCE

FORCE

SLOAD
SLOAD

$
$SRAV

EIGR
130
+30

ENDDATA

//
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10.3E6
10.3E6

11
19
20
27
32

S sl
1.0 1.0

CID G
0 32.2

MGIV 0.0

OO
w w

-500.0
-1000.0
-200.0
-1500.0
-2500.0
-500.0
-3000.0

-5000.0

L1l

N1
0.0

1000.0
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