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Chapter 5

GUIDELINES FOR
AERODYNAMIC MODELING

This section presents some important aspects of ZONAIR aerodynamic modeling and is intended to provide
information that has not been covered in the bulk data card descriptions. ZONAIR has been developed with
many checks to detect any errors in the aerodynamic input. However, there are certain situations whereby
incorrect modeling is not detectable by the program and may lead to incorrect results. Some of these situations
can be avoided by following the modeling guidelines presented in this section.

5.1 Aerodynamic Coordinate System

The aerodynamic coordinate system is the basic coordinate system in which the entire aerodynamic model
geometry is defined. Since ZONAIR solves the small disturbance potential equation:

(1-M..) G + 0y +0.. =0 5.1)

where M., is the freestream Mach number and ¢ is the velocity potential, the compressible direction of the flow

is inherently along the x-axis of the aerodynamic coordinate system as shown in Figure 5.1.1. In addition, if the
configuration is symmetric about the x-z plane as the one shown in Figure 5.1.2, only one half of the
configuration located in the positive y-axis region is required for modeling. For the half model, ZONAIR can
automatically account for the aecrodynamic influence between the half configuration located in the positive y-
axis and the negative y-axis by a mirror image technique. Compared to a full model, this mirror image
technique can reduce the size of the problem by a factor of two and save computational time. Note that this
symmetry condition is specified by the xzsymetry of the AEROZ bulk data card.

A

Flow direction

Figure 5.1.1 The Aerodynamic Basic Coordinate System
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Positive y
region

ZONAIR auto-modeled left-hand-side
of the configuration if XZSYM=“YES”

on the AEROZ bulk data card.

Figure 5.1.2 Half Model for Symmetric Configuration

The flight condition of the configuration is specified in terms of the freesteam Mach number (M.,), the angle of
attack (a), side slip angle (f), roll rate (p), pitch rate (g), and yaw rate (y). The definition of these parameters is
shown in Figure 5.1.3.

Figure 5.1.3 Definition of o, §, p, ¢ and y

The Mach number is specified by a MACH bulk data card and a, S, p, ¢, y are specified by an AEROGEN bulk
data card. Other parameters involved in the flight condition definition are the control surface deflection,
structural deformation due to smart structural actuation, and jet force which can be specified by the AESURFZ,
PZTMODE, and JETFRC bulk data cards, respectively.

5.2 Surface Discretization by Grid Points and Panels

A ZONAIR aerodynamic panel method is normally constructed by first discretizing the configuration surface
into many grid points (the GRID bulk data cards) and then connecting those grid points with either quadrilateral
panels (the CQUAD4 bulk data cards) or triangular panels (the CTRIA3 bulk data cards). ZONAIR distributes
an unknown constant source singularity on each panel and an unknown doublet singularity at each grid point. In
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addition, these doublet singularities are further linearly distributed over the panels which are surrounding this

grid. This type of linear doublet distribution is called elementary singularity distribution as shown in Figure
5.2.1.

Figure 5.2.1 Elementary Singularity Distribution at Grid Points

At each panel, two boundary conditions shown in Figure 5.2.2 are imposed to solve the source and doublet

0 _
strength; the Neumann boundary condition (a—¢ = -V, -1 | and the Dirichlet boundary condition (¢, =0).
n
Also, the zero-force condition (a— = Oj is imposed on the wake to satisfy the wake condition.
X

on N

/\)>\¢L: 0 Wake %f =0

Figure 5.2.2 Dirichlet and Neumann Boundary Condition on Panels
and Zero-Force Condition on Wake Surfaces

Once the unknown doublet singularity strength at each grid point is solved, the resulting doublet distribution
over the entire panel model is obtained by the superposition of all elementary singularity distributions. It can be
seen that this resulting doublet distribution is continuous over the entire panel model if all panels are “coherent”
with the grid points. Any violation of this coherent requirement such as the one shown in Figure 5.2.3 can result
in the discontinuity of doublet distribution. Because the pressure coefficient is proportional to the derivatives of

the doublet distribution, the discontinuous doublet can yield an incorrect pressure jump across the incoherent
panels.

/ Doublet distribution Discontinuous doublet distribution
Coherent panels Incoherent panels

Figure 5.2.3 Requirement of Panel Coherence for Continuous Doublet Distribution

5-3



GUIDELINES FOR AERODYNAMIC MODELING

This implies that any grid point in the aerodynamic model must be completely surrounded by panels and the
entire panel model must be “closure”; i.e. no hole or slit is allowed. For instance, the engine inlet face must be
closed by panels even if physically it is a hole. ZONAIR allows the flow to penetrate into those panels to
simulate the effects of the inlet by imposing the in-flow condition which is specified in the PSHELL bulk data
card.

However, along the trailing edge of a wing and a truncated-end body or along the tip of a wing where a “free
edge” exists, this closure condition can not be satisfied because the physical surface ends along those free
edges. To satisfy the closure condition requires adding a wake surface or vortex roll-up line along these free
edges.

53 Wake Modeling

Physically, the wake surface is a thin layer of surface containing vorticities due to the rotationality of the flow.
ZONAIR models this thin vorticity layer by a doublet sheet with an infinitesimal thickness and with a constant
doublet strength along the streamwise direction. This type of doublet sheet is called the wake surface. The
wake surface usually starts from the trailing edge of a wing or the rear end of a truncated-end of body to
simulate the vorticities shaded from those edges. There are two types of wake surfaces that can be used for the
wake modeling in ZONAIR; the flat wake and the curved wake.

CBAR

Figure 5.3.1 depicts two flat wake surfaces whose leading edges are attached to the grid points at the trailing
edges of the upper and lower surfaces of a wing. The trailing edge of the wake surface is extended to infinity.
The flat wake surface is always parallel to the x-axis of the aerodynamic coordinate system. The wake effects

are represented by the potential difference (A¢) between the doublet strength on the upper wake surface (dy)

and on the lower wake surface (¢ ). Because the doublet strength is constant on the wake surface and the

wake surface is flat which greatly simplifies the wake integral, an exact integral solution can be obtained for the
wake integral by integrating the doublet kernel integral from the trailing edge of the wing to infinity on the flat
surface. This exact integral solution is only a function of the doublet strength at the grid points along the
trailing edge of the wing; i.e., the wake effects are included by evaluating the exact integral solution along the
line segments at the trailing edge of the wing. ZONAIR models these line segments by the CBAR bulk data
cards. Therefore, ZONAIR does not require the modeling of the flat wake surface which greatly reduces the
modeling effort for wake modeling.

Because the accuracy of the aerodynamic results on the wing usually has little influence from the shape of the
wake surface, the flat wake surface is recommended for the modeling of the wake surface. However, for a
closely coupled wing-tail configuration (Fig. 5.3.2a) where the wake shape from the wing dominates the
downwash effects on the tail, a flat wake modeling apparently may give large discrepancy on the aerodynamics
of the tail. Furthermore, for a coplanar wing-tail configuration (Fig. 5.3.2b), because the flat wake surface from
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the wing can penetrate into the tail, a singularity may occur which is obviously incorrect. For these cases the
curved wake modeling is recommended which is specified by the WAKENET bulk data card.

%M

(a) Closely Coupled (b) Coplanar Wing-Tail
Wing-Tail Configuration Configuration

Figure 5.3.2 Cases Where the Flat Wake Surface is Not Recommended

Figure 5.3.3 shows a curved wake surface that is modeled by NY wake lines and NX grid points along each
wake line. The locations of the NY X NX grid points are specified by the user if the shape of the wake surface
is known. ZONAIR constructs two sets of the CSHEAR panels between these grid points, with one set of the
CSHEAR

panels is on the lower surface. Similar to the flat wake surface, a constant doublet singularity along the
chordwise direction is distributed on each CSHEAR panel to satisfy the wake condition.

However, since the wake shape is usually not known, ZONAIR provides a wake relaxation technique to
determine the wake shape. The wake relaxation technique iterates the locations of the grid points on the curved
wake surface until the zero-force condition of the wake is satisfied. This wake relaxation technique can be
activated by using the RELAXW bulk data card.

Normal vector of upper
CSHEAR

Normal vector of lower
CSHEAR

Figure 5.3.3 Modeling of a Curved Wake Surface
5.4 Tip Vortex Modeling

When a wing sustains lift, flow can separate at the tip of the wing (Fig. 5.4.1a) or along the leading edge of a
swept wing with sharp edges (Fig. 5.4.1b). This separation produces vortex sheets that roll up into strong
vortices that are shed downstream. Studies of the principal vortex indicate that the vortex roll-up shape and
strength are relatively independent of viscosity and can be modeled as potential flow. Two types of roll-up
vortex can be modeled in ZONAIR using a line vortex element by the CROD bulk data card and a vortex roll-
up sheet by the VORNET bulk data card.
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S =

(a) Vortex Roll-Up at Wing Tip (b) Vortex Roll-Up at Wing
Leading Edge

Figure 5.4.1 Vortex Roll-Up on a Lifting Wing
The line vortex element approximates the roll-up vortex by lumping the vortices containing the roll-up vortex

sheet into line segments. Figure 5.4.2 shows a typical modeling of these line vortex segments (or CROD
elements) along a wing tip.

GRIDO

101
GA

croD/ B

Figure 5.4.2 CROD Elements Along Wing Tip for Vortex Roll-Up

A linear vortex singularity is distributed along each of the line vortex segments. The strength of the vortex
singularity is determined by the doublet strength at those grid points to which those line vortex segments are
attached. Behind the trailing edge of the wing tip, the roll-up vortex is modeled by two line vortex elements
starting from the trailing edge and extending to infinity (Fig. 5.4.3); one line vortex element is attached to the
grid points at the upper surface of the wing-tip trailing edge and the other to the lower surface. These infinite
line vortex elements are specified in the CBAR bulk data card. Similar to the flat wake model, the infinite line
vortex element is always parallel to the x-axis of the aerodynamic coordinate system. In fact, without the
infinite line vortex element, a free edge occurs along the tip of the flat wake surface (generated by the CBAR
element) which violates the closure condition. This is to say that a free edge either along the tip of a wing or a
wake surface must be terminated by a line vortex element. The potential jump due to the line vortex element is
computed by the difference in vortex strength of the line vortex at the upper and the lower surfaces.

oo Infinite line vortex elements
Figure 5.4.3 Infinite Line Vortex Elements to Model the Roll-Up Vortex
Behind the Wing Trailing Edge
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However, the line vortex modeling for the roll-up vortex is applicable only for low angle of attack
aerodynamics. At high angle of attack condition where the roll-up vortex could “take off” from the wing tip,
the structures of the roll-up vortex should be modeled by the VORNET macroelement. Figure 5.4.4 depicts a
typical roll-up vortex modeling by the VORNET macroelement which consists of a set of CSHEAR elements
for the modeling of the vorticity sheet and a set of CROD elements for the modeling of the vortex core. For the
detailed description of the VORNET macroelement, please refer to the VORNET bulk data card.

It should be noted that the shape of the VORNET macroelement can be determined by the wake relaxation
technique which is similar to the one for the curved wake surface.

vortex core

/ line vortex
Ui

(CROD element)
GRI]i l
vorticity feeding point%
GRIDL; vorticity sheet

(CSHEAR panel)

Figure 5.4.4 Roll-Up Vortex Modeling by the VORNET Macroelement

5.5 RBE2 for the Wake Modeling Behind the Wing-Body Junction

Figure 5.5.1a shows a wing-body configuration where a gap exists between the inboard of the wake from the
wing and the body behind the wing-body junction. As mentioned earlier, this gap violates the closure condition
because the inboard of the wing becomes a free edge, and is therefore incorrect modeling.

Wake from
wing

Wake from

Wake from

CROD

A CBAR
(a) Incorrect Modeling due (b) Incorrect Modeling (¢) Correct Modeling using
to the gap using CROD along the RBE2
inboard of the Wake

Figure 5.5.1 RBE2 for Wake Modeling Behind the Wing-Body Junction

One could satisfy the closure condition by adding a infinite line vortex element (CROD) along this free edge.
However, this line vortex is physically unrealistic because flow can not roll up at the wing-body junction. The
correct modeling to satisfy the closure condition is to use the RBE2 bulk data card that automatically generates
a set of CBAR elements along those body grid points behind the trailing edge of the wing-body junction. These
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CBAR clements serve two purposes: (1) to fill up the gap so that the closure condition is satisfied (2) to impose
the potential jump condition due to wake at those body grid points so that the potential jump is continuous from
the wake to those body grid points. For detailed description, please refer to the description of the RBE2 bulk
data card.

5.6 The Thin Wing Modeling

It is well known that the aerodynamic influence coefficient matrix may become ill-conditioned if two surface
panels are very close to each other due to the singularity behavior of the kernel integral. In fact, the matrix is
singular if two surface panels coincide with each other. The ill-conditioned matrix may occur on a wing of very
thin thickness if the upper and lower surfaces of the wing are modeled by the surface panels.

To circumvent this problem, a thin wing modeling technique using the CAERO7 bulk data card is incorporated
in ZONAIR. The CAEROY7 bulk data card distributes a sheet of source singularity and vortex singularity on
the mean plane of the thin wing where the source singularity simulates the thickness effects and the vortex
singularity simulates the angle-of-attack and camber effects (Fig. 5.6.1). It should be noted that this mean plane
is a flat surface that has no camber even for a cambered wing. The camber effects are introduced in the
boundary condition in the small disturbance sense.

ﬁLift

e I —

Source singularity Vortex singularity
Figure 5.6.1 Source and Doublet Sheets on the Mean Plane of the
Thin Wing Modeling

The CAERO7 bulk data card divides the mean plan of the thin wing into several strips by the user specified
spanwise divisions. Each spanwise division must be parallel to the x-axis of the aerodynamic coordinate
system. Each strip is then divided into several boxes (called “wing boxes”) by chordwise divisions specified at
the root and the tip chords. Each CAERO7 bulk data card represents a wing macroelement comprising (n-1) X
(m-1) wing boxes (where n = the number of spanwise divisions, and m = the number of chordwise divisions).

Figure 5.6.2 presents a typical thin wing configuration modeled by the CAERO7 macroelement. The solid
circles on each wing box represent the control points at which boundary conditions are imposed. The control
points which lie along the mid-span of each wing box, are located at 85% of the wing box chord for subsonic
Mach numbers and at 95% of the wing box chord for supersonic Mach numbers. The solid and the dashed lines
in the wake region of the thin wing in Figure 5.6.2 represent the vortex lines generated by each strip of the
CAEROY7 macroelement. The solid lines represent the so-called “strong vortex line”, whereas the dashed lines
represent the “weak vortex line.”
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Figure 5.6.2 CAERO7 Wing Macroelement for Thin Wing Modeling

These vortex lines are generated due to the discontinuity between vortex singularities for two adjacent strips.
Each strip sheds two “strong vortex lines” from its side edges that start at the trailing edge and shed downstream
(Figure 5.6.3(a)). However, at edges shared by two adjacent strips, the strength of the two vortex lines partially
cancel each other forming a “weak vortex line” (Figure 5.6.3(b)). No input is required by the user to model
these unsteady vortex lines since their effects are already included as part of the vortex singularity on the wing
boxes. However, due to the singular behavior of the vortex line, several restrictions must be adhered to in
modeling the thin wing by CAERO7.

_|_ pu—

SRRV

Figure 5.6.3 Vortex Lines Shed from CAERO7 Chordwise Strips

-
é:
A

Figure 5.6.4 shows a wing-tail configuration modeled by two CAERQ7 macroelements. If the wing and tail are
located in the same plane (coplanar), all spanwise divisions of the tail must be aligned with those of the wing.
A violation of this requirement results in the vortex lines shed from the wing that cut through the aerodynamic
boxes of the tail. Since, at the vortex line, the aerodynamic influence is singular, this yields an unrealistically
large downwash effect on the tail. In fact, if a vortex line of the wing were to align with a control point on the
tail, the aerodynamic matrix would become singular. This modeling restriction is still required for the case
where the wing and the tail are not located in the same plane and the distance (d) along the normal direction is
small (i.e., 0 < d < w). This restriction can be relaxed only if the distance is larger than the width of the strip
(W) (see Figure 5.6.4(b)).
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Figure 5.6.4 Alignment of Spanwise Divisions of a Wing-Tail Configuration
Modeled by two CAERO7 Macroelements

Another configuration where the use of thin wing modeling is recommended is the coplanar wing-tail
configuration. If the tail is modeled exactly by the surface panels on both its upper and lower surface such as
the one shown in Figure 5.3.2b, the wake from the wing may penetrate into the tail and creates a singularity in
computation. However, if the tail is modeled using the CAERO7 macroelement (Fig. 5.6.5), this wake-
penetration problem is avoided altogether because the CAERO7 marcroelement employs thin vortex and source
sheets, and has no thickness; therefore no wake penetration from the wing into the tail can occur.

< >

Wing Wake CAEROT7 for tail

Figure 5.6.5 Thin Wing Modeling for the Tail to Avoid Wake Penetration from the Wing

5.7 Super-Inclined Panels in Supersonic Flows

In a linearized supersonic flow formulation, the freestream Mach cone determines the region of influence.
Typical supersonic panel methods generally work well if the body under consideration is fully immersed within
this region of influence. However, when the supersonic freestream becomes higher and/or the body is relatively
thick whereby a part of the body would be exposed outside of the zone of influence, most supersonic panel
methods would cease to be applicable.

For panels placed on the inlet surface (Figure 5.7.1a) or on the nose of a thick body (Figure 5.7.1b), the local
angles of incidence on some panels would be greater than the freestream Mach cone angle, this would render
them lie outside of the freestream Mach cone. These panels are called “super-inclined panels” and they are the
causes for numerical singularities in the supersonic aerodynamic influence coefficient computation.
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(b)

Figure 5.7.1 Superinclined Panels (a) on Engine Inlet (b) on Thick Body

To circumvent this numerical singularity problem that is associated with super-inclined boxes in supersonic
flow, we introduce a special treatment for the aerodynamic influence coefficient computation in ZONAIR. This
engineering treatment adopts the corresponding oblique shock angle for a cone (based on the Exact Euler
Conical-Flow Solutions) to compute the Mach wave angle. The local cone angle for each superinclined box is
measured by the angle between the freestream and the slope of the panel. The corresponding oblique shock
angle is used as a modified Mach wave angle to position a “Mach Wave” slightly ahead of the super-inclined
panels. It is this modified Mach angle that will determine the region of influence of the super-inclined panels.

5.8 Modeling of the Real Flow using the Potential Flow Theory

Unlike the computational fluid dynamics (CFD) methodology that “simulates” the flow, the panel method
solves the potential flow equation that can only be used to “model” the flow. This is to say that in order to
establish a good panel model that can capture most of the physics of the flow, the user must understand the
overall flow structure. Due to the attached flow assumption of potential flow theory, the best panel model is
one in which all panels are placed on the closest streamlines of the flow to the body surface; not on the exact
surface of the configuration. For instance, the flow velocity predicted by the potential flow passing a sharp
corner would be infinite at the corner in order to keep the flow attached. Shown in Figure 5.8.1a is a flow
passing a forward facing step where a vortex is developed and trapped at the corner and a streamline is
developed over the trapped vortex. If the surface of the step is modeled exactly by aerodynamic panels (Figure
5.8.1b), an infinite velocity will be predicted by the panel method which obviously is incorrect. The
recommended panel modeled is shown in Figure 5.8.1c where the panels are placed on the streamline to form a
smooth panel model. In so doing, the flow velocity on this smooth panel model can remain finite. In fact,
ZONAIR does not allow any panel whose inclination angle with respect to the flow direction to be greater than
90° to avoid such an infinite flow velocity prediction such as the one shown in Figure 5.8.1b. Similarly, the
correct panel model for a flow passing a backward facing step is shown in Figure 5.8.2c.
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Infinite velocity

\ ?ttached flow

Stream line \ / Panel on stream line

Vortex
(a) Real Flow (b) Incorrect Panel Model (¢) Correct Panel Model
Figure 5.8.1 Modeling of Flow Passing a Forward Facing Step

Infinite velocity
/ Stream line \ Attached flow Panel on stream line

Vortex
(a) Real Flow (b) Incorrect Panel Model (¢) Correct Panel Model
Figure 5.8.2 Modeling of Flow Passing a Backward Facing Step

Another example showing how to use the wake surface to model separated flow on an aft body is illustrated in
Figure 5.8.3. In the real flow the fluid does not stagnate at a point at the aft end of the body, but rather separates
into a trailing wake. It is recommended that the aft body be truncated at the separation line and use the wake
surface to model the streamline outside the separated flow (Figure 5.7.3¢). Although, the exact separation line
may not be known, it is likely that the error incurred will be less than if the flow is forced to remain attached
and stagnated (Figure 5.8.3b). The closed aft end model usually yields a solution with a poor lift and may also
wrongly influence nearby lifting surfaces. The preferred modeled for the open trailing wake is shown in Figure
5.8.3c. The body itself is modeled by the surface panels but with a wake surface attached to the truncated-end
of the body at the presumed separation line. This will assure that the flow departs the body smoothly along the
specified wake surface.

Rear Flow
1 SECCo
R / e
Separated wake — e
Not recommended — Wake
(a) Real Flow (b) Incorrect Panel Model (¢) Recommended Model

Figure 5.8.3 Modeling of Aft Body
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5.9 Computational Time and Disk Space Requirement

Figure 5.9.1 gives ZONAIR computational time and disk space requirements as a function of the number of
panels on a 2.4 Ghz PC computer. It can be seen that the CPU time and disk space increase exponentially as the
number of panels increase. At 10,000 panels, the disk space could require 20 GB and the CPU time could reach
800 minutes. Therefore, in order to keep the CPU time and disk space requirement on a reasonable level, it is
recommended that the number of panels be kept below 5,000. In fact, numerical experience shows that a model
with 5,000 panels is usually sufficient to model a complex configuration such as whole aircraft with external
stores. Beyond 5,000 panels the gain in accuracy may not be significant.
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Figure 5.9.1 CPU Time and Disk Space Versus Number of Panels
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Chapter 6

MODELING GUIDELINES OF SPLINE
FOR FLEXIBLE LOADS

To compute the flexible loads due to the structural deformation, it is required the coupling between the
aerodynamics and structures. Since the requirements to generate the discretized models for the structural
analysis and the aerodynamic analysis are subject to different engineering considerations, the grid point
locations of these two models may be considerably different. This gives rise to the problem of transferring the
displacements and forces between these two grid systems. Four spline methods are incorporated, in the spline
module of ZONAIR, which generate spline matrices to perform the displacement and force transferal between
the structural finite element model and the ZONAIR aerodynamic model. These four spline methods are:

Infinite Plate Spline (IPS) Method by the SPLINE1 bulk data card
Beam Spline Method by the SPLINE2 bulk data card

Thin Plate Spline (TPS) Method by the SPLINE3 bulk data card
Rigid Body Attachment by the ATTACH bulk data card

YV V V VYV

The generation of the spline matrix is performed on a component-by-component basis. The selection of the
spline method for a given component depends on the type of component in the ZONAIR model (i.e., wing-like
or body-like component) and the type of elements (i.e., beam or plate element) used in the finite element model.
For instance, if a body-like component is modeled in the ZONAIR model and if beam-type elements are used
for the finite element model, then the beam spline method should be employed. If wing-like components are
modeled in the ZONAIR model and plate-type elements are used for the finite element model, then the IPS
method should be used. The TPS method is a 3-D spline method that can link a set of finite element grid points
in 3-D space to either a wing-like or body-like component. The ATTACH bulk data card handles the special
case in which a component is absent in the finite element model but is present in the ZONAIR model. A typical
example of such a special case is an underwing store that is represented by a concentrated mass at a single finite
element grid point but is completely modeled in the ZONAIR model.

Experience has shown that most of the errors in performing flexible loads analysis are introduced in the spline
procedure. The following modeling guidelines present several situations in which inaccurate spline results are
easily introduced due to incorrect input set-up.

6.1 II-Conditioned Spline Matrix due to Coincident Finite Element Grid Point Locations

The selection of the finite element grid points that are to be linked to an aerodynamic component is completely
at the users discretion. These grid points are defined by SET1 or SET2 bulk data cards. Should two of the
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selected finite element grid points be located within a small tolerance of one another (tolerance set by EPS
defined in the SPLINE1 and SPLINE3 bulk data cards), the resultant spline matrix is either singular or ill-
conditioned. This input error is automatically detected by the ZONAIR spline module. However, certain
scenarios exist in which this kind of input error may not be detected by the spline module.

As an example of such a scenario, Figure 6.1 shows the cross-section of a wing-like component in which the
solid circles represent the finite element grid points on the upper and the lower skins and the line represents the
side view of a CAERO7 macroelement. All finite element grid points appear to be well separated. If the IPS
method is selected as the spline method, the spline module

projects the finite element grid points onto the plane of the CAERO7 macroelement (Figure 6.1 (b)). This
plane is called the “spline plane.”

Structural Finite
Element Grid Points Projection onto the CAERO7 Plane

>

>
A
@

Side View of CAERO7
(C)) (b)
Figure 6.1 Cross-Section of a Wing-Like Component

If the projection of two grid points on the spline plane are too close to one another, an ill-conditioned spline
matrix results. In this situation, the error condition may not be detected by the spline module. To avoid this
input error, it is recommended that either the upper or the lower grid points, but not both, be included in the
SET1 bulk data card.

The spline case illustrated in Figure 6.1 (a) is an ideal case for the TPS method. Since TPS is a 3-D spline
method, there is no requirement to define a spline plane for grid point projection. Therefore, all upper and
lower grid points can be included in the spline. However, this is true only for a thick wing-like component. As
described in the remarks of the SPLINE3 bulk data card, the structural points used by the TPS method can not
be located close to or within the same plane. Otherwise, an ill-conditioned spline matrix may result. For such a
case, where the wing-like component thickness is very thin, the IPS method is recommended, but only with the
selection of either the upper skin or the lower skin grid points.

6.2 Spline for Discontinuous Structure

A typical case of a discontinuous structure is a control surface. The control surface creates discontinuous
displacements between its side edges and the main wing as well as discontinuous slopes along the hinge line,
which may have a large impact on the aeroelastic response. For this reason, it becomes important to accurately
transfer these discontinuous displacements and slopes from the finite element grid points to the aerodynamic
model.
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Discontinuous

Displacement 3

(a) CAERO7 Macroelement (b) Structural Finite Element Model
Figure 6.2 Spline of Discontinuous Structure Due to a Control Surface

Figure 6.2 (a) presents a wing with aileron configuration modeled by a CAERO7 macroelement that includes
12 wing boxes, denoted as box 1 through box 12. The shaded area represents the aileron and its corresponding
wing boxes are box 9 and box 12. The finite element model shown in Figure 6.2 (b) consists of 4 plate-type
elements generated by the connection of the ten grid points (represented by the solid circles and denoted as grid
points 1 through 10). Discontinuous displacement occurs between the inboard edge of the aileron and the main
wing due to the discontinuous structure (between grid points 6 and 7). Because the finite element model
exclusively employs plate type elements, the IPS method should be selected for this case.

Since the IPS method is formulated based on the structural equation of an infinite plate, the continuity of
displacement is inherently imposed. This indicates that if all of the finite element grid points shown in Figure
6.2 (b) are included in the spline, the resultant displacement on the CAERQ7 macroelement are continuous. In
this case, failure to transfer discontinuous displacement due to the aileron will lead to incorrect aeroelastic
results.

The correct technique to be used in this spline case is to apply the IPS method on the main wing and on the
aileron separately by specifying two SPLINE1 bulk data cards. The first SPLINE1 established for the main
wing should include the wing boxes (boxes 1 - 6 plus 7, 8 10 and 11) and finite element grid points
corresponding to the main wing only (grid points 1 — 6 plus 8 and 9). Likewise, the second SPLINE1
established for the aileron should include only those wing boxes (boxes 9 and 12) and finite element grid points
(5,7, 9 and 10) associated with the aileron.

6.3 Ensuring Continuous Structure Across Two Adjacent CAERO7 Macroelements

One of the modeling restrictions of the CAERO7 macroelement is that it can only represent trapezoidal types of
surfaces, i.e., the inboard and outboard edges must be parallel to the x-axis of the aerodynamic coordinates.
Therefore, to model a non-trapezoidal type of wing-like component may require more than one CAERO7.
Figure 6.3(a) presents a cranked wing planform that is modeled by two CAERO7 macroelements; one for the
inboard region and one for the outboard region. The plate-type finite element model shown in Figure 6.3 (b)
has 12 grid points, denoted as grid point 1 through grid point 12.
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(a) Aerodynamic Model (b) Structural Finite Element Model

Figure 6.3 Spline for a Cranked Wing Planform

Two SPLINEI1 bulk data cards are required to spline the two CAERO7 macroelements to the structure. The
structural finite element model by itself is a continuous structure and should not incur any discontinuous slopes.
Discontinuous slopes across the two CAERO7 macroelements result if the inboard CAERQO?7 only refers to the
finite element grid points located in the inboard region (grid points 1 through 8) and the outboard CAERO7
only refers to the finite grid points located in the outboard region (grid points 5 through 12). Such
discontinuous slopes across the two CAERQO7 macroelements are incorrect and will lead to incorrect aeroelastic
results.

The correct technique for this spline case is to use the IPS method and to ensure that the inboard and outboard
CAERO7 macroelements refer to all the grid points in the finite element model (grid points 1 through 12). The
infinite plates generated by the IPS method for these two CAERQ7 macroelements are then identical, leading
to continuous displacements and slopes across these two wing components.

6.4 Accurate Rotational Structural Displacement for Beam Spline Method

Unlike the IPS and TPS methods, which adopt only the translational displacements at the structural grid points,
the beam spline method requires both the translational and rotational displacements.

Often in structural finite element analysis, the translational displacements are included as the analysis set (i.e.,
A-set) degrees-of-freedom. Since the modal analyses of finite element methods only assure accurate modal
displacements for the A-set degrees of freedom, exclusion of the rotational displacement for A-set degrees-of-
freedom in the beam spline method leads to inaccurate spline results on the aerodynamic model.

6.5 Inaccurate Spline Results due to Extrapolation

Since structural grid points are usually placed at major load carrying components, the structural finite element
model may appear to be “shorter” than the aecrodynamic model. A typical case where this can occur is in
modeling the structural wing torque box of a wing component. A finite element wing model that does not fully
extend to the leading and trailing edges of the wing may result an inaccurate spline result due to extrapolation.
Another typical case is the beam-type element model of a fuselage component. Since the nose section of a
fuselage is often considered a non-structural part and, therefore, requires no structural modeling, the beam
model may end up shorter than the actual length of the fuselage.
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Extrapolation is performed for the spline of aerodynamic panels located outside the domain of the structural
finite element grid points. Both of the plate spline methods (IPS and TPS) and the beam spline method
incorporated within the spline module of ZONAIR provide a purely linear extrapolation only if the aerodynamic
panel is located far away from the finite element model. Otherwise, distortions and oscillations may occur in
the extrapolation regions. For this reason, extrapolation should be avoided.

To circumvent the extrapolation problem, it is recommended that extra grid points located at the leading and
trailing edges of the wing or at the nose of the fuselage be added in the structural finite element model. These
grid points can then be connected by rigid elements to their adjacent grid points. Thus, the problem associated
with extrapolation can be avoided.

As a final note, graphical display of the displacements on the aerodynamic model for spline verification is
highly recommended. It is for this reason that ZONAIR provides an option to generate output files containing
the aerodynamic panel and corresponding displacement data using the PLTMODE bulk data card. Visual
inspection of the displacements for both the aerodynamic and the finite element models would minimize errors
caused by incorrect implementation of the spline.
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Chapter 7

PLOT FILES

This section describes the ZONAIR output files generated for plotting purposes. Output plot files are generated
by the existence of any of the following bulk data cards within the bulk data input section: PLTAERO,
PLTCP, PLTMODE, and PLTTRIM. Table 2.1 presents the output plot file capability of the ZONAIR

software system.

Category

Associated Bulk
Data Card

Description

Software

Compatibility

Aerodynamic
Model

PLTAERO

Generates an ASCII text file for plotting
the aerodynamic model

- PATRAN

- TECPLOT
- I-DEAS

- FEMAP

- ANSYS

- NASTRAN

Pressures

PLTCP

Generates an ASCII text file for plotting
the pressure coefficients

- PATRAN

- TECPLOT

- I-DEAS

- FEMAP

- ANSYS

- NASTRAN
- PEGASUS

Interpolated
Structural Modes

PLTMODE

Generates an ASCII text file for plotting
the interpolated structural mode on the
aerodynamic model

- PATRAN

- TECPLOT
- I-DEAS

- FEMAP

- ANSYS

- NASTRAN

Static Aeroelastic /
Trim Analysis
Results

PLTTRIM

Generates an ASCII text file for the post-
processing of the static aeroelastic/trim
analysis

- PATRAN

- TECPLOT

- I-DEAS

- FEMAP

- ANSYS

- NASTRAN
- PEGASUS
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All output plot files are saved in ASCII text format and can be directly read in by the graphical software
programs listed in the above table (or any equivalent software packages that can process the same data format).
The PATRAN output is a combination of neutral file (containing the aerodynamic model) and results file
(containing the displacement or pressure results) output. Note that for the PATRAN output option, the
aerodynamic models generated by the PLTxxxx bulk data cards (all stored in neutral file format) are all
different from one another and cannot be used interchangeably. This restriction is due to the necessity of
duplicating grid points in some of the output plot files to allow for viewing (or animation) of discontinuous
components (e.g., a flapping control surface in a modal analysis). In addition, some plot files (like
PLTMODE) require displaying of both sides of the model even though only half of the model may have been
specified in the input. For this reason, the user must take extra care when requesting multiple plot files in
PATRAN format to ensure that the aecrodynamic model names are unique (or they will be overwritten). The
TECPLOT output is in Tecplot’s finite element zone input format. The I-DEAS output is in universal data file
format. The FEMAP output is in FEMAP neutral file format. The ANSYS format is identical to the FEMAP
neutral file output format and can be read into ANSYS via a translator developed by PADT Inc. in Tempe,
Arizona. Note that the ANSYS option description is not included in this Chapter since it is identical to the
FEMAP output option. Excel output is in column format and can be read in by virtually any spreadsheet
application. Finally, the NASTRAN supported output is in bulk data format and can be plotted by any graphical
software package capable of reading in and displaying NASTRAN bulk data input (e.g., ARIES, FEMAP, etc.)

The following sections describe each of the output plot files listed above. Samples of each output file taken
from the cropped wing and trim forward swept wing demonstration test cases are presented along with
descriptions of the output file contents.

7.1 Aerodynamic Model (PLTAERO)

An output data file of the aerodynamic model can be generated with the PLTAERO bulk data card (see Figure
7.1). Viewing the aerodynamic model is extremely useful in determining if the aerodynamic configuration is
modeled properly. Often times numeric typos are entered in the bulk data input that can go undetected in the
analysis. For example, an aerodynamic coordinate system that is referred to by an underwing store may be
located in the wrong place due to a typo in the ACOORD bulk data card. In this case, the store would be
located somewhere other than its intended position. This error in the aerodynamic configuration can quickly be
detected by viewing the aerodynamic model.

Figure 7.1 Plot of the Aerodynamic Model

The PLTAERO output plot file contains the aerodynamic panel corner grid points along with the aerodynamic
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panel connectivity information. The data for this output file is generated based on the GRID, CQUADA4,
CTRIA3, CBAR, ...ctc., specified in the bulk data section of the input deck.
o  PATRAN Compatible Output

The PATRAN compatible output is saved in neutral file format. A sample of the NASTRAN compatible output
is shown in the following figure and is described below:

25 0 0 1 0 0 0 0 0
ZONAIR AERODYNAMIC MODEL
26 0 0 1 91 65 1 1 0
08/22/200015:31:31 2.5
1 201 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
1 202 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
\ Aerodynamic
Grid Points
2 201 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00
0.000000000E+00
202 207 206 201
2 202 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00
0.000000000E+00
203 208 207 202
2 203 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00
0.000000000E+00
204 209 208 203 \ Quadrilateral
’ Elements
31 10101 0 1 0 0 0 0 0
0.300000000E+02 0.000000000E+00 0.000000000E+00
31 10102 0 1 0 0 0 0 0
0.300000000E+02 0.333330002E+02 0.000000000E+00
31 10103 0 1 0 0 0 0 0
0.300000000E+02 0.666669998E+02 0.000000000E+00 "\\\\\
. Structural FEM
Grid Points
99 0 0 1 0 0 0 0 0

Data Packets 1 (Node Data) and 2 (Element Data) are used to output the aerodynamic grid points and
aerodynamic panels, respectively. Data Packet 31 (Grid Data) is used to output the structural grid points if
requested in the PLTAERO bulk data card (i.e., FEMGRID=YES).
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Steps within PATRAN to View the Aerodynamic Model
(ZONAIR output file generated by the PLTAERO bulk data card)

- Open a new PATRAN database.

- Read in the geometry file. Select File-Import from the Radio buttons. Object-Model Source-Neutral select
the appropriate geometry neutral file and click Apply.

o Tecplot Compatible Output

A sample of the Tecplot compatible output is shown as follows:

TITLE
65"

="AERO MODEL WITH 91 AERO GRIDS & 17 FEM GRIDS. AERO PANELS=

VARIABLE = X, Y, Z, EXTID
ZONE I=
-1.0000E+02 0.0000E+00 0.0000E+00 201 Grid Point
-1.0000E+02 0.
-1.0000E+02 0.0000E+00 0.0000E+00 203
-1.0000E+02 0.

N O W N

108 J= 65 F=FEPOINT

0000E+00 0.0000E+00 202 Identification Numbers

0000E+00 0.0000E+00 204
Aerodynamic
Grid Points (X,Y,Z)

Aerodynamic Connectivity

Information (aero panels)

e.g., the first line connects the 2nd, 7th, 6th and
1st aero grid points listed above

N O W o J

P
= O 00 Jo
oW

TITLE

VARIABLE
X
Y
V4
EXTID

ZONE

e

=FEPOINT

lists the number of aerodynamic grids, structural finite element grids and aerodynamic
panels

defines the variable names associated with the column data
X-coordinate of the aerodynamic grid point

Y-coordinate of the aerodynamic grid point

Z-coordinate of the aecrodynamic grid point

External grid point identification number

specifies information for the current zone (the Tecplot input can be broken up into
multiple zones; only one ZONE is used to define the aerodynamic model)

number of aerodynamic grid points listed in the plot file

number of aerodynamic panels listed in the plot file

finite-element zone specification

e [-DEAS Compatible Output

The I-DEAS compatible output is saved in the universal file format. Data set 781 is used to output the
aerodynamic as well as structural (if requested in the PLTAERO bulk data card) grid points. Data set 780 is
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used to output the aerodynamic panels. A sample of the -DEAS compatible output is shown in the following
figure.

-1
781
201 0 0 11
-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
202 0 0 11
-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
203 0 0 11
-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
204 0 0 11
-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
Aerodynamic
Grid Points
101 0 0 11
0.0000000000000000D+00 3.0000000000000000D+01 0.0000000000000000D+00
102 0 0 11
2.0000000000000000D+01 3.0000000000000000D+01 0.0000000000000000D+00
103 0 0 11

4.0000000000000000D+01 3.0000000000000000D+01 0.0000000000000000D+00

\ Structural FEM

_1 Grid Points
780
201 94 1 100000 1 1 1
4
202 207 206 201
202 94 1 100000 1 1 1
4
203 208 207 202
203 94 1 100000 1 1 1
4
204 209 208 203
204 94 1 100000 1 1 1
4 V\
. Quadrilateral
Elements




PLOT FILES

e FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (Version 7.0) neutral file format. Data Blocks 403 and
404 are used to output the aerodynamic grids and panels, respectively. Data Block 570 is used to output the
structural grid points (if requested in the PLTAERO bulk data card). A sample of the FEMAP compatible
output is shown in the following figure.

-1
100 Neutral File Header followed
<NULL> 44— by other required Data
7. Blocks
-1
-1
403
201, 0, 0, 1, 46, 0, 0, 0, 0, 0,
0, -1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00,
0,
202, 0, 0, 1, 46, 0, 0, 0, 0, 0,
0, -1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00,
0,
203, 0, 0, 1, 46, 0, 0, 0, 0, 0,
0, -1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00,
0,
204, 0, 0, 1, 46, 0, 0, 0, 0, 0,
0, -1.0000000000000000D+02, 0.0000000000000000D+00,
\ Aerodynamic
1 Grid Points
570
10101, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
0.0000000000000000D+00, 3.0000000000000000D+01, 0.0000000000000000D+00,
10102, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
3.3333000183105469D+01, 3.0000000000000000D+01, 0.0000000000000000D+00,
10103, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
6.6666999816894531D+01, 3.0000000000000000D+01, 0.0000000000000000D+00,
10104, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
1.0000000000000000D+02, 3.0000000000000000D+01, 0.0000000000000000D+00,
N Structural FEM
104 Grid Points
201, 124, 1, 17, 4, 1, 0, 0,
0, 0, 0, 0,
202, 207, 206, 201, 0, 0, 0, 0,
0, 0,
0, 0, 0, 0, 0, 0, 0, 0,
0, 0,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0, \
Quadrilateral
Elements
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Steps within FEMAP to View the Aerodynamic Model
(ZONAIR output file generated by the PLTAERO bulk data card)

- Open (via File/Import/FEMAP Neutral) the ZONAIR output neutral file of the aerodynamic model (select
View/Redraw if the image does not appear after loading)

- Aerodynamic grids (nodes) are displayed as green x’s

- Structural FEM grids (points) are displayed as red +’s

- Aerodynamic panels (elements) are displayed as white quadrilaterals

- Rotate, pan or autocenter the model with the Dynamic Rotate function (top left button on the toolbar)

- Node, Point and Element features (such as id’s) can be set in the View/Options window

o NASTRAN Compatible Output

The NASTRAN compatible output is saved in standard NASTRAN bulk data format. A sample of the
NASTRAN compatible output is shown in the following figure and is described below:

BEGIN BULK

$ AERO MODEL BY 91 GRIDS AND 65 CQUAD4

$ WHERE THE PSHELL ENTRES OF CQUAD4 ARE CAERO7 AND BODY7 IDENTIFICATION NUMBERS
$ ADDITIONAL 17 FEM GRIDS ARE DISPLAYED

GRID 201 ~1.00+020.000+000.000+00

GRID 202 ~1.00+020.000+000.000+00 ~

GRID 203 ~1.00+020.000+000.000+00 Aerodynamic

GRID 204 ~1.00+020.000+000.000+00 Grid Points

GRID 205 ~1.00+020.000+000.000+00

GRID 206 ~8.00+010.000+00-1.70+01

CQUADA4 201 201 202 207 206 201

CQUADA4 202 201 203 208 207 202 .
CQUADA4 203 201 204 209 208 203 Quadrilateral
CQUADA4 204 201 205 210 209 204 Elements
CQUADA4 205 201 207 212 211 206

CQUADA4 206 201 208 213 212 207

$SSTHE FOLLOWING GRIDS ARE THE FEM GRIDS IN THE AERODYNAMIC COORDNATES.

$$$IDS ARE OFFSET BY o]
$$SSBASIC ON ACSID IN THE AEROZ BULK DATA ENTRY
GRID 10101 0.000+003.000+010.000+00
Structural FEM
GRID 10102 3.333+013.000+010.000+00 Grid Pur.
GRID 10103 6.666+013.000+010.000+00 11d Points
GRID 10104 1.000+023.000+010.000+00
GRID 10201 1.666+015.333+010.000+00
ENDDATA
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The first three comment cards (initiated with a $) list the number of aerodynamic grid points (GRID) and
quadrilateral (CQUADA4) elements listed in the file. If the FEMGRID entry of the PLTAERO bulk data card is
set to “YES’, then the number of structural grid points read in from the finite element input to the ZONAIR
software system is also displayed and printed in this file.

7.2 Pressure Coefficients (PLTCP)

An output data file of the pressure coefficients for all acrodynamic panels in the model can be generated with
the PLTCP bulk data card (see Figure 7.2).

0.134022
0.120056
0.106089
0.0921233
0.0781571
0.0641909
0.0502248
0.0362586
0.0222924
0.00832625

Figure 7.2 Plot of Pressure Coefficient (M=0.8, k=0.2, 1st mode, Re(Cp))

The pressure coefficients and local Mach numbers for a specified flight condition specified by an AEROGEN
bulk data card are generated. For detailed descriptions of these options, please see the PLTCP bulk data card
description presented in Section 4.0.

The PLTCP output plot file contains the aerodynamic pressures and local Mach numbers on each aerodynamic
panel (for the PATRAN, I-DEAS, FEMAP and NASTRAN output cases) or at each aerodynamic grid point (for
the TECPLOT output case).

e PATRAN Compatible Output

The PATRAN compatible output to display the pressure and local Mach number results are saved in two
separate files. The aerodynamic model is saved in the neutral file format while the pressure and local Mach
number results are saved in a results file. Both files will need to be imported into PATRAN to display the
results. A sample of the PATRAN compatible output files are shown in the following figures and are described
below:
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Neutral File of the Aerodynamic Model

25 0 0 1 0 0 0 0 0
ZONATR AERODYNAMIC MODEL - PATRAN NEUTRAL FILE OUTPUT
26 0 0 1 91 65 1 1 0
08/22/200016:11:23 2.5
1 201 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
1 202 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
06 6 0 0000000 \ Aerodynamic
Grid Points
2 201 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
202 207 206 201
2 202 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
203 208 207 202
Aerodynamic
Panels

Data Packets 1 (Node Data) and 2 (Element Data) are used to output the aerodynamic grid points and
aerodynamic panels, respectively.

Results File of the Pressure (Element Results)

2

1

2

3

4

5

6

0.2690387E+000.

0.2867234E+000.

0.3232428E+000.

0.3735698E+000.

0.4271863E+000.

0.4615177E+000.

ZONAIR STEADY CP AND MACH NU

§O80803E+OO
2015833E+00
2879461E+00
Z686236E+00
Z472803E+00
2331503E+00

RESULT QUANTITIES:MACH NUMBER

1, FLEX=NO , M= 0.60, Q= 0.00

The Element Results File is used with four data quantities specified.

Steps within PATRAN to View the Aerodynamic Model with Pressure and Local Mach Numbers

(ZONAIR output file generated by PLTCP bulk data card)

- Open a new PATRAN database.

- Read in the geometry file first. Select File-Import from the Radio buttons; Object-Model Source-Neutral
select the appropriate geometry neutral file and click Apply.
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- Read in the pressure results file next. Select File-Import from the Radio buttons, Object-Results Source-
Patran2.els. After selecting the Patran2.els, locate the ZONAIR pressure results file in whatever directory
it has been stored in. Select the appropriate pressure results file and click Apply.

- Verify that the import/read was successful in the Dialog Box. Select Results from the Radio buttons,
Action-Create, Object-Quickplot.

- The Fringe results list should show up results that were read in. Select the desired pressure quantity and
click Apply.
The following PATRAN results template can be used to load the pressures from ZONAIR.

/* ZONAIR_pres.res_tmpl */
/* PATRAN 2.5 results file template for ZONAIR *.els files */

KEYLOC = 0

TYPE = scalar

COLUMN = 1

PRI = Pressure Coefficient

SEC = Real

TYPE = scalar

COLUMN = 2
PRI = Local_Mach
SEC = Imag.
TYPE = END

e Tecplot Compatible Output

A sample of the Tecplot output is shown in the following figure and is described below:

TITLE ="UNSTEADY CP: PLTCP= 3000 MODE= 1 MACH=  .8000 K=  .2000"
VARIABLE = X, Y, Z, RE(CP), IM(CP) EXTID
ZONE I= 91 J= 65 F=FEPOINT
-.1000E+03 .0000E+00 .0000E+00 -.7643E-04 .2361E-03 201
-.1000E+03  .0000E+00  .0000E+00 -.5331E-04  .1644E-03 202
-.1000E+03  .0000E+00  .0000E+00  .2541E-05  .3619E-05 203
-.1000E+03  .0000E+00  .0000E+00  .5529E-04  .1649E-03 204
-.1000E+03  .0000E+00  .0000E+00  .7531E-04  .2300E-03 205 ‘\\\
T T Grid Point
Aerodynamic Cp Local Mach Identification
Grid Points (X,Y,Z) Numbers
2 7 6 1
3 8 7 2 ) o
4 9 8 3 Aerodynamic Connectivity
5 10 9 4 \ Information (aero paneles)
7 12 11 6 e.g. the first line connects the 2nd, 7th, 6th and

1st aero grid points listed above
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TITLE lists the PLTCP bulk data card identification number
VARIABLE defines the variable names associated with the column data
X X-coordinate of the acrodynamic grid point
Y Y-coordinate of the aerodynamic grid point
zZ Z-coordinate of the aerodynamic grid point
RE(CP) Real component of the pressure result
IM(CP) Imaginary component of the pressure result
EXTID External grid point identification number
ZONE specifies information of the current zone (the Tecplot input can be broken up into
multiple zones; only one zone is used to define the pressure output)
I number of aerodynamic grid points listed in the plot file
J number of aerodynamic panels listed in the plot file
F=FEPOINT finite-element zone specification
e [-DEAS Compatible Output

The I-DEAS compatible output is saved in the universal file format. Data sets 781 and 780 are used to output
the aerodynamic grid points and panels, respectively. Data set 56 is used to output the pressure and is output
four times for displaying the real, imaginary, magnitude and phase angle of the pressure. The first five ID lines

of each data

set 56 list the following information:

Line 1: Pressure component of the current data set

Line 2: PLTCP Bulk Data Card identification number

Line 3: The number of aerodynamic grid points in the model

Line 4: The number of aerodynamic panels in the model

Line 5: The pressure component of the current data set (i.e. real, imaginary, magnitude, or phase angle) —
repeated from Line 1 but more descriptive.

A sample of the I-DEAS compatible output is shown in the following figure:

-1

781
201 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
202 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
203 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
204 0 0 11

-1.0000000000000000D+02

0.0000000000000000D+00

0.0000000000000000D+00

Aerodynamic

-1 Grid Points
780
201 94 1 100000 1 1 1
202 207 206 201
202 94 1 100000 1 1 1
203 208 207 202
203 94 1 100000 1 1 1
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204 209 208 203
204 94 1 100000 1 1 1 4
\Quadrilareral
1 Elements
56
ZONAIR PRESSURE - MODE= 1 MACH NO.= 1.2000 K= 0.2000 CP(REAL)
PRESSURE FOR PLTCP BULK DATA CARD WITH ID: 25
NUMBER OF AERODYNAMIC GRID POINTS IN MODEL = 91
NUMBER OF AERODYNAMIC BOXES IN MODEL = 65
REAL COMPONENT OF PRESSURE - CP(RE)
1 1 1 18 2 1
1 1 1
0.00000E+00
201 1
0.00000E+00
202 1
0.00000E+00
203 1 \
0.00000E+00
Pressures

o  FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (Version 7.0) neutral file format. Data Blocks 403 and
404 are used to output the aecrodynamic grids and panels, respectively. Data Block 450 is used to output the
pressure and local Mach number output set definition. Data Block 451 is used to output two data vectors to
display the results. A sample of the FEMAP compatible output is shown in the following figure.

-1
100 Neutral File Header followed
<NULL>  <4——by other required Data
7. Blocks
-1
-1
403
201, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00, 0,
202, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00, 0,
203, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00, 0,
204, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00,
Aerodynamic
Grid Points
-1
404
201, 124, 1, 17, 4, 1, 0, 0,
0, 0, 0, 0,
202, 207, 206 201, 0, 0, 0, 0,
0, 0,
0, 0, 0, 0, 0, 0, 0, 0,
0, 0,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
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0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0.
0 0, 0
\ Quadrilateral
Elements

-1

450 Pressure

1, <4— Output Set
ZONAIR Pressure Definition

0, 0

2.0000000298023224D-01,
1,

<NULL>

-1 Pressure

Zlé 1 Output Data Vector

1 1, 1, Definition
CPRE Mode 1M= 0.8k= 0.2

0., 0., 0.,

o, o, 1, 0, 0, O o, o, o0, 0O,

o, 0, 0, O 0 0 0, O 0 0

o, o0, 3, 8

o, 1, 1,

201, -1.7237762222066522D-04,
202, -7.4403775215614587D-05,
203, 7.4400115408934653D-05,
204, 1.7237753490917385D-04,

Steps within FEMAP to View the Aerodynamic Model with Pressure
(ZONAIR output file generated by PLTCP bulk data card)

- Open (via File/Import/FEMAP Neutral) the ZONAIR output neutral file of the aerodynamic model with
pressure (select View/Redraw if the image does not appear after loading)

- Aerodynamic grids (nodes) are displayed as green x’s

- Aerodynamic panels (elements) are displayed as white quadrilaterals

- Rotate, pan or autocenter the model with the Dynamic Rotate function (top left button on the toolbar)

- Node, Point and Element features (such as id’s) can be set in the View/Options window

- Open the View/Select Window

- From the Contour Style section, click on the Contour button

- Click on the Deformed and Contour Data button bar

- In the window that opens, under Output Vectors/Contour, select either CP_. VALUE or LACAL _MACH to
be displayed

- Click on OK for both windows

o NASTRAN Compatible Output

The NASTRAN compatible output is saved in standard NASTRAN bulk data format. A sample is shown in the
following figure and is described below:
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GRID 1 0.0000000.0000000.000000

GRID 2 0.2000000.0000000.092000

GRID 3 0.2000000.0460000.080000 Aerodynamic
GRID 4 0.2000000.0800000.046000 Grid Points
GRID 5 0.2000000.0920000.000000

GRID 6 0.2000000.080000-0.04600

GRID 7 0.2000000.046000-0.08000

PSHELL 1 1

MAT1 1 1.00 0.

CTRTA3 1 1 1 2 3

CTRIA3 2 1 1 3 4 .
CQUAD4 7 1 2 9 10 3 gﬂiﬁﬂieml
CQUADA 8 1 3 10 11 4

CQUADA 9 1 4 11 12 5

CQUAD4 10 1 5 12 13 6

CQUAD4 11 1 6 13 14 7 |
PLOADA 1 12.690-01

PLOADA 1 22.867-01

PLOADA4 1 33.232-01

PLOAD4 1 43.735-01 Pressures

PLOADA 1 54.271-01

PLOADA 1 64.615-01

The comment title cards ($) list the identification number of the current PLTCP bulk data card. Standard
PLOAD4 bulk data cards are used for the pressure output. The PLOAD4 bulk data card SID entry is used to
delineate the real from imaginary components of the pressure. The number of aecrodynamic grid points (GRID),
quadrilateral (CQUAD4) elements and PLOAD4 bulk data cards within the plot file are also provided.

7.3 Interpolated Structural Mode Shape (PLTMODE)

An output data file of the interpolated structural mode shapes on the aerodynamic model can be generated with
the PLTMODE bulk data card (see Figure 7.3). Viewing the interpolated structural modes is very useful in
determining whether or not the aerodynamic model is properly splined to the structure. Experience has shown
that most errors in aeroelastic analysis are a result of incorrect spline input. Therefore, viewing the interpolated
structural mode shapes should always be performed for verification purposes whenever the spline input (i.e.,
SPLINE1, SPLINE2, SPLINE3, an ATTACH bulk data cards) is modified.

The maximum displacement of the interpolated structural mode shape is controlled by the MAXDISP entry of
the PLTMODE bulk data card. MAXDISP is a fraction (i.e., 0.0 — 1.0) of the reference chord length (REFC
entry) specified in the AEROZ bulk data card.
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Figure 7.3 Plot of an Interpolated Mode Shape on the Aerodynamic Model (Mode 1)

The PLTMODE output plot file contains the deformed aerodynamic model for a specified structural mode. All
aerodynamic panel corner grid points and connectivity information of the aerodynamic model (i.e., a deformed
aerodynamic model) is generated. The magnitude of the displacement is scaled by the SCALE entry of the
PLTMODE bulk data card. The data for this output file is generated by the spline (SPLINE) module.

e PATRAN Compatible Output

The PATRAN compatible output to display the interpolated mode shape is saved in two separate files. The
aerodynamic model is saved in the neutral file format while the interpolated mode shape nodal displacements
are saved in a results file. Both files will need to be imported into PATRAN to display the interpolated mode
shape results. A sample of the PATRAN compatible output files are shown in the following figures and are
described below:

Neutral File of the Aerodynamic Model

25 0 0 1 0 0 0 0 0
ZONATIR AERODYNAMIC MODEL - PATRAN NEUTRAL FILE OUTPUT
26 0 0 1 260 65 1 1 0
08/23/200009:09:28 2.5
1 1 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
1 2 0 2 0 0 0 0 0
-0.800000000E+02 0.120208158E+02-0.120208149E+02
0G 6 0 0000000 \Aerodynamic
’ Grid Points
2 1 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
1 2 3 4
2 2 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
5 6 7 8
Aerodynamic
Panels

Results File of the Interpolated Mode Shape (Displacement Results)
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ZONAIR MODE SHAPE: PLTMODE ID= 10, MODE= 1, FREQ= 4.613 HZ
260 260 0.300000E+02 259 3

FOR THREE DEGREES OF FREEDOM DX DY D2z

SUBTITLE 2

10.0000000E+000.0000000E+000.0000000E+00
20.0000000E+000.0000000E+000.0000000E+00
30.0000000E+000.0000000E+000.0000000E+00
40.0000000E+000.0000000E+000.0000000E+00

/

Aero
Grid Id’s DX, DY, DZ
Displacements at aero grids

Steps within PATRAN to View the Deformed or Animated interpolated Mode Shape
(ZONAIR output file generated by PLTMODE bulk data card)

- Open a new PATRAN database.

- Read in the geometry file first. Select File-Import from the Radio buttons, Object-Model Source-Neutral
select the appropriate geometry neutral file and click Apply.

- Read in the displacement results file next. Select File-Import from the Radio buttons, Object-Results
Source-Patran2.dis.  After selecting the Patran2.dis, locate the ZONAIR interpolated mode shape
displacement results file in whatever directory it has been stored in. Select the appropriate displacement
results file and click Apply.

- Verify that the import/read was successful in the Dialog Box. Select Results from the Radio buttons,
Action-Create, Object-Quickplot.

- The Fringe results list should show up results that were read in.

The following PATRAN results template can be used to load the displacements from ZONAIR.

/* ZONAIR_dis.res_tmpl */
/* PATRAN 2.5 results file template for ZONAIR .dis files */

KEYLOC = 0

TYPE = vector
COLUMN =1, 2, 3
PRI = Displacements
SEC = Translational

CTYPE = nodal

TYPE = END

e Tecplot Compatible Output

A sample of the Tecplot compatible output is shown in the following figure and is described below.

TITLE ="THE 1TH MODE ON AERO MODEL FROM FILE sample.fre"
VARIABLE = X, Y, Z, EXTID
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ZONE I= 260 J= 65 F=FEPOINT
-1.0000E+02 0.0000E+00 0.0000E+00 202 o
-8.0000E+01 1.2021E+01 -1.2021E+01 207 4 Grid Point
-8.0000E+01 0.0000E+00 -1.7000E+01 206 Identification Numbers
-1.0000E+02 0.0000E+00 0.0000E+00 201
-1.0000E+02 0.0000E+00 0.0000E+00 203
\ Aerodynamic
Grid Points (X,Y,Z)
1 2 3 4 Aerodynamic Connectivity
5 6 7 8 Information (aero panels)
9 10 11 12 e.g., the first line connects the Ist, 2nd, 3rd and 4th
13 14 15 16 aero grid points listed above
17 18 19 20
TITLE lists the requested structural mode index, and the name of the structural finite element
output file from which the structural finite element modes are read in (i.e., file assigned
by the ASSIGN Executive Command in the ASSIGN Executive Command Section)
VARIABLE defines the variable names associated with the column data
X X-coordinate of the aerodynamic grid point
Y Y-coordinate of the aerodynamic grid point
z Z-coordinate of the aerodynamic grid point
EXTID External grid point identification number
ZONE specifies information for the current zone
I number of aerodynamic grid points listed in the plot file
J number of aerodynamic panels listed in the plot file
F=FEPOINT finite-element zone specification

o [-DEAS Compatible Output

The I-DEAS compatible output is saved in the universal file format. Data sets 781 and 780 are used to output
the aerodynamic grid points and panels, respectively. Data set 55 is used to output the displacements at the
aerodynamic grid points. The first five ID lines of data set 55 list the following information:

Line 1:
Line 2:
Line 3:
Line 4:
Line 5:

Structural input data mode shape number
Structural input data filename

NONE
NONE
NONE
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A sample of the I-DEAS compatible output is shown in the following figure:

-1
781
1 0 0 11
-1.0000000000000000D+02 0.0000000000000000D+00
2 0 0 11
-8.0000000000000000D+01 1.2020814895629883D+01
3 0 0 11
-8.0000000000000000D+01 0.0000000000000000D+00
4 0 0 11
-1.0000000000000000D+02 0.0000000000000000D+00
-1
780
1 94 1 100000 1
1 2 3 4
2 94 1 100000 1
5 6 7 8
3 94 1 100000 1
9 10 11 12
4 94 1 100000 1
13 14 15 16
-1
55
ZONAIR MODE SHAPE OUTPUT, MODE= 1
FROM FILE: crop.f06
NONE
NONE
NONE
1 2 3 8 2
1 1 1
0.00000E+00
1
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
2
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
3
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
4
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

0.0000000000000000D+00
-1.2020814895629883D+01
-1.7000000000000000D+01

0.0000000000000000D+00

Aerodynamic
Grid Points

201 1
201 1
201 1

201 1

Quadrilateral
Elements

0.00000E+00 0.00000E+00

0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

0.00000E+00 0.00000E+00

V\ Displacements

on Aerodynamic Grids

e FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (ver 7.0) neutral file format. Data Blocks 403 and 404
are used to output the aerodynamic grids and panels, respectively. Data Block 450 is used to output the flutter
mode output set definition. Data Block 451 is used to output four data vectors to display the interpolated mode
shape (TOTAL Translation), X-axis translation (T1), Y-axis translation (T2) and Z-axis translation (T3). A

sample of the FEMAP compatible output is shown in the following figure.
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-1
100 Neutral File Header
<NULL> «4—— followed by other
] 7 required Data Blocks
-1
403
201, 0, 0, 1,
0, -1.0000000000000000D+02, 0.0000000000000000
0,
202, 0, 0, 1,
0, -1.0000000000000000D+02, 0.0000000000000000
0,
203, 0, 0, 1,
0, -1.0000000000000000D+02, 0.0000000000000000
0,
204, 0, 0 1

0, -1.0000000000000000D+02,

-1
404

201, 124,
0, 0, 0,
202, 207,
0, 0, 0,
0, 0,
0, 0 0

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

0.0000000000000000D+00,

46, 0, 0, 0,
D+00,

46, 0, 0, 0,
D+00,

46, 0, 0 0
D+00,

46, 0, 0, 0,

\ Aerodynamic

1, 17,
0, 0,
206, 201,

0, 0,

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

Grid Points
4, 1,
0, 0,
0, 0,

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0,
Quadrant
Elements
-1
450 Interpolated Mode
1, Output Set
Mode 1 4.613 Hz < Definition
0, 2
4.6127114295959473D+00,
1,
<NULL>
-1 Interpolated Mode
;él <4— Output Set
1, 1, 1, Definition
ZONAIR Total Translation
0., 0., 0.,
2, 3, 4, o0, o0 o0, 0, o0, 0, O,
o, o, o0, o0 o0 O ©O0 0, O, O,
o, o, 1, 7, Interpolated Mode
L1 L Output Data Vector
1, 0.0000000000000000D+00, Definiti
2, 0.0000000000000000D+00, / climition
3, 0.0000000000000000D+00,
4 0.0000000000000000D+00,

0,

0,

0

0.0000000000000000D+00,

0,

0,

0.0000000000000000D+00,

0,

0.0000000000000000D+00,

0

0,
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Steps within FEMAP to View the Deformed or Animated Interpolated Mode Shape
(ZONAIR output file generated by PLTMODE bulk data card)

Open (via File/Import/FEMAP Neutral) the ZONAIR output neutral file of the aerodynamic model with
interpolated mode deformation (select View/Redraw if the image does not appear after loading)
Aerodynamic grids (nodes) are displayed as green x’s

Aerodynamic panels (elements) are displayed as white quadrilaterals

Rotate, pan or autocenter the model with the Dynamic Rotate function (top left button on the toolbar)

Node, Point and Element features (such as id’s) can be set in the View/Options window

Open the View/Select Window

To animate the flutter mode, from the Deformed Style section, click on the Animate button

To statically view the flutter mode, from the Deformed Style section, click on the Deform button

Click on the Deformed and Contour Data button bar

In the window that opens, under Output Vectors/Deformation, select either TOTAL, T1, T2, or T3 to be
displayed. TOTAL is the complete flutter mode shape. The modal natural frequency is displayed in the
Output Set panel and will also show on the lower left hand side of the screen during animation.

Click on OK for both windows

FEMAP, by default, animates or deforms the model based on a percentage of the model length. To view
the actual displacement based on the ZONAIR output (set by the MAXDISP entry of the PLTMODE bulk
data card), open the View/Options window, select the PostProcessing category, select Deformed Style in
the Options menu and uncheck the % of Model (Actual) checkbox.

The number of frames and display times of the animation sequence can be set by the
View/Options/PostProcessing/Animation/Frames and Delay input options.

NASTRAN Compatible Output

The NASTRAN compatible output is saved in standard NASTRAN bulk data format. A sample is shown in the
following figure and is described below.

BEGIN BULK

$ DEFORMED AERO MODEL OF THE 2TH MODE (REPRESENTED BY GRID & CQUAD4) FROM FILE:
s sample. fre

GRID 1 -1.00+020.000+000.000+00

GRID 2 -8.00+011.202+01-1.20+01 Aerodynamic

GRID 3 -8.00+010.000+00-1.70+01 Grid Points

GRID 4 -1.00+020.000+000.000+00

GRID 5 -1.00+020.000+000.000+00

CQUAD4 1 201 1 2 3 4

CQUAD4 2 201 5 6 7 8 Quadrilateral
CQUAD4 3 201 9 10 11 12 Elements
CQUAD4 4 201 13 14 15 16

CQUAD4 5 201 17 18 19 20

ENDDATA
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The comment title card ($) list the index of the structural mode shape and the name of the structural finite
element output file from which the structural finite element modes are read in (i.e., file assigned by the
ASSIGN Executive Command in the ASSIGN Executive Command Section).

7.4 Static Aeroelastic/Trim Analysis Results (PLTTRIM)

An output data file of the static aeroelastic/trim results can be generated with the PLTTRIM bulk data card.
Two types of output plot files and one ASCII text file can be generated through the use of the PLTTRIM bulk
data card. The plot files can be used to display the deformed aerodynamic model under flight loads (e.g., Figure
7.4.a) and/or the resulting steady pressure distribution (e.g., Figure 7.4.b). An ASCII text file can also be output
that contains the NASTRAN or [-DEAS FORCE and MOMENT bulk data cards at the structural finite
element grid points. This output can be inserted into the NASTRAN or I-DEAS model input deck to perform a
detailed stress analysis using static structural analysis.

(b)

Figure 7.4 Sample Output Plot Files of the PLTTRIM Bulk Data Card,
(a) Deformed Aero Model and (b) Steady Pressure Distribution

(2)

The output format for the deformed aerodynamic model is identical to that of the PLTMODE bulk data card
(please see Section 7.3 for a description of this output format), except that both sides of the deformed
aerodynamic model are included. The output format for the steady pressure distribution is identical to the
PLTCP bulk data card except that the imaginary component of the pressure result will always be zero while the
real component will reflect the steady pressure (please see Section 7.2 for a description of this output format).

o NASTRAN Compatible FORCE/MOMENT Output

The output format of the ASCII text file containing the NASTRAN FORCE and MOMENT bulk data cards is
shown in the following figure.

SFORCES & MOMENTS AT FEM GRIDS RESULTING FROM TRIM = 100 FOR FLEXIBLE MODEL

$ MACH = 0.9000 DYNAMIC PRESSURE= 0.12000E+04

SFORCES & MOMENTS IN TERMS OF NASTRAN FORCE AND MOMENT BULK DATA CARDS

SFOR TWO SIDES OF THE MODEL

SWHERE LOAD SET= 100 REFERS TO THE GRIDS ON THE RIGHT HAND SIDE OF THE MODEL
S LOAD SET = 101 REFERS TO THE GRIDS ON THE LEFT HAND SIDE OF THE MODEL
$ THE USER CAN INSERT THIS FILE BACK TO THE FEM MODEL

$ FOR SUBSEQUENT STATIC ANALYSIS AND STRESS CALCULATIONS.

FORCE 100 90 00.000+00 1.000 0.000 0.000
FORCE 100 90 00.000+00 0.000 1.000 0.000
FORCE 100 90 01.665+04 0.000 0.000 1.000
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Eight title lines are output, each beginning with a NASTRAN comment (8$) card, that list the TRIM bulk data
card ID number, Mach number, dynamic pressure, and LOAD SET ID’s within the current file that indicate
whether the entries refer to the right-hand or left-hand sides of the model.

e [-DEAS Compatible FORCE/MOMENT Output

The output format of the ASCII text file containing I-DEAS output of FORCE and MOMENT stored in
universal dataset 782 for both Left-Hand-Side (LHS) and Right-Hand-Side (RHS) load sets is shown in the

MOMENT 100 90
MOMENT 100 90
MOMENT 100 90
FORCE 100 97
FORCE 100 97
FORCE 100 97
MOMENT 100 97
MOMENT 100 97
MOMENT 100 97

04.083+04
04.859+04
00.000+00
0-2.93-10
0-7.39-13
0-7.20+03
00.000+00
00.000+00
00.000+00

.000
.000
.000
.000
.000
.000
.000
.000
.000

oo RroOoORr oo
OPrPrP OO kFroOoRr o

.000
.000
.000
.000
.000
.000
.000
.000
.000

POORFRrOORr OO

.000
.000
.000
.000
.000
.000
.000
.000
.000

following figure.

111
1.66503E+04

-1
782
100 1
RIGHT-HAND-SIDE OF FLEXIBLE MODEL
90 4111
0.00000E+00 0.00000E+00
97 4111

-2.93787E-10 -7.39602E-13

-1
782
101 1
LEFT-HAND-SIDE OF FLEXIBLE
90 4111
0.00000E+00 0.00000E+00
97 4111

-2.93787E-10 -7.39602E-13

111
-7.20023E+03

MODEL

111
1.14435E+04

111

-7.20023E+03

.08355E+04

.00000E+00

.51545E+04

.00000E+00

4.85924E+04

0.00000E+00

3.56345E+04

0.00000E+00

0

0

0

0

.00000E+00

.00000E+00

.00000E+00

.00000E+00
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