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Absltrac:

This thesis describes the use of the NASTRAN program
(Lovel 17.0) in the calculalion of [lexible wing airloads
and stresses. The problems of interfacing the aerodynamic
and structural models are discussed with assumptions need-
ed to solve them. Two different methods of Lransferring
the aerodynamic forces into a structural load vector are
presented.

A Direct Matrix Abstraction Program was devecloped for
use in these calculations. This sequence is limited to
the use of one doublet-lattice panel for the aerodynamic
model and requires several new data blocks for execution.
Although these data blocks were input with the bulk data
deck to test the sequence, a new preliminary module has
been constructed to build them internally.

The results of this investigation show that NASTRAN
can be used in calculating the airloads and stresses for
a flexible wing. This new sequence has extended the capa-
bility of NASTRAN to allow for the application of inter-

nally generated steady airloads to the structural model.
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CALCULATION OF AIRIOADS FOR A FLEXTBIE
WING VIA NASTRAN

I Introduction

The calculation of flexible aircraft airloads and struc-
tural stresses requires the interfacing of both structural
and acrodynamic theories. The NASTRAN structural analysis
program includes both of thesc types of theories. ''ne
purposce of this study was to demonstrate the feasibility of
using this program for these calculations.

'"he NASTRAN program uses a finite element s:ructural
model. A wide variety of element types are available, thus
allowing the construction of simple to very complex models.
The aerodynamic theory chosen for this study uses doublet-
lattice panels to model the lifting surfaces. Other aero-
dynamic theories are available for use in the NASTRAN pro-
gram but were not considered.

A new instruction sequence Known as a Direct Matrix
Abstraction Program (DMAP) was developed for use within
NASTRAN tu calcutate flexible aircraft airloads and struc-
tural stresses. This new DMAP & :quence 1s limited to a
structural model consisting of only a wing. The correspond-
ing aerodynamic mrdel i “imited %0 a sirgle aerodynamic

panel to model the lifting surface. This new sequence




oxtends the capability of the NASTRAN program by creating
the ability to apply the internally generated steady air-
loads to the structural model., The potential to do this
has existed since the inclusion of aerodynamic theories in
Lthe NASTRAN program,

The calculation of flexible wing airloads by this DMAP
segquence 1s an iterative process. The 1nitial airloads are
calculalted based upon a rigid wing shape at an angle-of-

attack. 'These airloads are aupplied Lo the structural model

and the deflections calculated. The deflected structure
causes the airloads to change, which will in turn change
the deflection of the structure. This cyclic process is
continued until the increm:ntal changes in the airloads and
the displacements are negligible.

The wing model chosen to demonstrate the new DMAP se-
quence was first tested for solution convergence of the
cyclic process. The test was performed using the rigid
format for static analysis interfaced with the Woodward
aerodynamic program. The results of this test were also
used as an alternative solution to check the reasonableness
of the solution generated by the new DMAP sequence.

The potential users [or this new DMAP sejguence are the
Structures Branch of the Flight Dynamics Lab (AFTDL/FB) and
San Antonio Air Logistic Center (SAALC). Tne SA LC has had

a NASTRAN structural model of half of a T-37 alrcraft since
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1976. This model was 1ln:erded 1.0 be used to calculate

stresses developed by an aerodynamic loading of the model.
A workable automated method of generating airloads for this
model has not been found. The AFFDL/FB has developed two
programs to generate loads for a wing structural model
from airloads calculated by an aerodynamic program. Both

organizations can use the new DMAP sequence,
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IT Background

A current computer program for calculating the loads
on a flexible ailrcraft is Flexloads. This program includes
several theories to calculate aerodynamic forces for veloci-
ties ranging from subsonic to supersonic. These aerodynamic
theories are the Woodward Finite Element Subsonic-Supersonic
Steady State Theory, Doublet-Lattice Steady and/or Unsteady
Theory, Steady and/or Unsteoady Modified Newtonian Theory,
and finally Subsounic and Supersonic Kernal Function Theory.
The structures are modeled in this program as slender beams
or as built-up plates. As a result, Flexloads cannot use
all the different elements available with NASTRAN.

The AFFDL/FB has developed two programs to generate
equivalent loads for a NASTRAN wing model from airloads
calculated by an aerodynamic program. These two programs
are SPLOADS and BEAMPROG. These programs handle the inter-
facing problem of applying airloads to a structural model.
These programs could be used as part of the iterative pro-
cess necessary in the calculation of flexible aircraft
alrloads. However, another program would have to be devel-
oped to introduce structural deformation effects into the
calculation of airloads before this process could Le em-

ployed.




W

II1 Interfaciag Problems

The problems of interfacing an aerodynamic wing model
with its corresponding structural model are discussed in
this section. The two models solve two different problems,
so the mesh sizes used for the two models will be different,
which causes many of the interfacing problems. The inter-
facing ls required for the application of airloads to a
slhruactuaral model nd for the introduct ion of structural
deformation into the calculation of airloads. In the fol-
lowing these problems are discussed in generai and as they
specifically apply to the new DMAP sequence.

The structural models of most wings only include the
main structural elements, the wing box. This means the
planform of the aerodynamic model is larger than that of the
structural model. Because of this difference, the aerodyna-
mic model will generate loads for which the corresponding
structural elements do not exist. These airloads have to
be handled as special cases for Lranslation and application
to the structural model. The difference in planform sizes
causes problems in the calculation of new airloads based
on structural detormation. The structural deformation changes
the local slope of an aerodynamic box which is used in the
calculation of the down wash. However, the deformed structure

necessary for thirs calculaticn does not exist in areas for

[}




the aerodynamic model lying outside the wing kox., A simple
solution to this difference in planform sives is to force the
two to be the same. As a result the structural model must
include the secondary wing structure. Since this secondary
wing structure only transfers the loads to the wing box, this
structure does not have to be modeled accurately except in
size of the planform.

Even when these planforms are the same, the acrodynamic
toree:s: have Lo be transtTormed inlo a Joad veseloy Tor Lhe slruc-
tural modei. ‘'I're doublet-lattice method used in NASTRAN gen-
orates a delta pressure coefficient ACP which is the difference
between the pressure on the upper and lower surfaces at the
aerodynamic points for cach bnax. For simplicity the new DMAP
sequence applies the load to the upper surface of the struc-
tural model. Assumptions on Lhe ACp distribution are required
to transform the aerodynamic forces into a load vector. Two
methods based upon a different set of assumptions for the
distribution have been implemented.

In the first method the ACp value at the structural ele-
ment centroid is found by a surface spline interpolation and
then assumed constant over the element. Because Acp is con-
stant, multiplication by the dynamic pressure and Lhe element
area will yield the total load., For basically parallelogram
shaped elements, one guarter of this total load .s now distri-
buted to each of the element's nodes., This is done for each

membrane element on the upper surface, resulting in a global
O




expression for the load vector.

In the second transformation method more variation in
ACp distribution is accounted for. After finding interpolat-
ed corner values for each element, a bilinear variation is

assumed for the distribution over two triangular subregions.

See Figure 1.

I'igure 1. Division of the Upper Surface Quadralateral
Membrane Elements into Triangular Elements.

The bilinear pressure over each of the triangular subelements
is assumed to b2

P Y) = L; .

(x’ ) q 1 Acpl

where g is the dynamic pressure, Lj are the shape functions




for a three noded triangular element, and Acp is a vector

1
of nodal values of ACp. The eguivalent nodal lorces are

calculated as usual by:

F; = IA PL;dA = fA qu CpiLidA

When integrated this becomes

- -

F 2 1 1 C
1 Py
= 9A
F2 12 1 2 1 sz
( F 1 1 2 C
3 L = P3
These subclement expressdions are now assembled into a global

expression for the load vector.

The doublet-lattice method calculates the acrodynamic
forces no.mal to the panel. When the wing is at an angle-
of-attack the orientation of the 1lift vector and the normal
force vector will differ by this angle. The new DMAP seguence
uses the normal force instead of 1lift in calculating the co-
efficients of 1ift, pitching moment and rolling moment. The
resulting errors in these coefficients will be minimal, if

small angles-of-attacks are used.




IV Procndurces

An intermediate complexity wing structural model was

i obtained from AFKFDL/FB to demonstrate the new DMAP segquence.

| A description of the model used is contained in Appendix B.
The wing model was first tested by using the Woodward pro-
gram USSAERO to generate the airloads used in the iterative
process. This test checked the model for solution conver-
aqenee and provided an alternative solution. The now DMAP
sequence was then used to resolve the problem.

This section covers first the interfaced NASTRAN-USSAERO

sequence and next the new DMAP sequence. The aev sequence

is explained relative to functions it perfeoims, new data

blocks it requires, and in how it would use the new module.

Interfaced NASTRAN-USSAERO Sequence

The statlc analysis rigid format of NASTRAN and USSAERO
are interfaced in a manual execution of the iterative pro-
cess. The output from USSAERO is used to create constant
pressure loads on upper surface structural elements and then
the displacements from NASTRAN are used to change the camber
surface for USSAERO in this process.

The aouble:~lattice method in NASTRAN is a lifting sur-
face theory, therefore USSAERO which includes thickness ef-
fects approximates the thin sheet by using the planar option

and the smallest «llowabl: wing thickness. USSAERO generates

9
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values for pressure coefficient Cp at the center of ecach

aerodynamic box for both the upper and lower surlaces. A
further explanation of USSAERO is contained in Reference
8.

The mesh size for the aerodynamic model was chosen
to avoid interface problems by exactly matching that for
the structural model. By this matching the need to trans-
form the airloads for structural application is avoided.
The tolal elemental Load now relatens Lo Lhe acorodynamic
force produced by the corresponding box.

The boundary conditions for Lhe stalic analysis were
chosen to take out the rigid angle-of-attack displacements,
leaving only total deformation in the looping process. To
accomplis' this, all degre:s-of -freedom for the wing root
grid points were fixed. For cach loop pass, the now total
deformation were calculated from the changing total airloads.

Two conversion programs were required to interface
NASTRAN and USSAERO for the iterative process. Because of
the matched meshes, these essentially just changed the
output from one into the proper format for input into the

other. The first program converts the 4C_ to pressure loads.

p
To do this the delta coefficient of pressure [oOr each box
is found and then multiplied by the dynamic pressure q.
These pressure loads are used to create PLOADZ2 c.rds for

use in the NASTRAN bulk data deck. The second p.ogram

10




converls the total deformation Lo a specification of a new
camber surface for the aer:dynanic model. The structural
displacements are averaged to find a midsurface, which also
defines the camber surface used by USSAERO. The position
of these two programs in the iterative process is shown in

Figure 2.

INPPIAL ANCLE . Jd  USSALRO BOX  JCONVERSTON [ PLOAD2

0O ATTACK Cp's PROCRAM CARDS
I I
CAMBER CONVERSTON| VERTICAL [ NASTRAN |
SPECLF ICA- PROGRAM [ DISPLACE- 1 fp—
TTON 2 MENTS

Figurce 2. INTERFACED NASTRAN-USSAERO SoquL;;;

This manual execution of the iterative process is in-
efficient for the following reasons. The equations have to
be reformed with every loop pass when only the right hand
side of the equations change. Next, the process generates
large amounts of intermediate data that is not used. Also,
the precision of the intermediate solutions are decreased,
because the data passed from one program to the next must
be truncated to specific formated field sizes. [inally,
the process requires sequential jobs to be run with each

pass, requiring excessive amounts of uscer timo.

The DMAP Sequence

The new DMAP sequence calculates the airloads and
11
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structural stresses for a flexible wing mode2l. ™"he alrloads

used in this sequence are calculated by the doublet-lattice
method in NASTRAN., By using a reduced frequency of approxi-
mately zero, this unsteady method reduces to a steady vortex-
lattice method. Values of ACP arc produced for the center
of the quarter-chord for each box. A further explanation
of this aerodynamic method is found in References 2, 3 and‘
6.

The new DMAP sequence is explained by ma jor [unctions
in the following section. The total capabililty has previous-
ly existed for NASTRAN Lo calculate the [lexible wing airloads,
except for the ability to transform the steady airloads into
a structural load vector. 19 test the new DMAP sequence,
the data blocks necessary Lo btild this transformation matrix
were input directly with the bulk data deck. A discussion
of these new data blocks follows the explanation of the se-
quence. A new module was designhed that will build this trans-
formation matrix internally. The functions of the new module
are explained in the section following the data block descrip-
tions.

Several restrictions are required on models used with
the new DMAP sequence as il presently exists. 'The plan-
forms for the aerodynamic and structural models are required
to be the same. This is necessary, as discussed in Section
IIT, so that the airloads can be applied to corresponding

structural elements without consideration of special cases.
12




Next the aerodynamic model is restricted to one doublet-
lattice panel to simplify ookkaeping. ilnally, an analy-
sis set must be specified that contains only the Z-direction
degree-of~freedom for the wing grid points exclusive of the
wing root. This limitation is required for correct calcu-
lation of the airloads.

Functions of the New DMAP Sequence. The new DMAP se-

quence will be described here in general terms by the ma jor
Tunclions L performs.  ‘Mhe complote Listing Tor Uhe DMAP
sequence is contained in Appendix A, The sequence consists
largely of a combination of rigid formats usced for static
analysis and flutter analysis. The sequence accormodates
any of lthe structural element types available for use wilh

the static analysis rigid format, but does not allow the

use of the down wash factors due Lo exlra points avallable
in the flutter analysis rigid format.

The main functions of the new DMAP sequence will be
presented in sequential order. The first portion of the
sequence sets up the tables necessary to describe the struc-
tural model, including the element connection table (ECT) and
the grid point list (GPL). These tables are used in the as-
sembly of the unconstrained global stliffness and mass matrices
for the system.

The constraints for sukcase one are now applied to these

global matrices. These constraints are constructed so as

13




to leave only a rigid body pitch mode. The coastrained ma-
trices are then partitioned down to the analysis set speci-
fied by the ASET card.

A real eigenvalue analysis 1is performed on the analysis
set to calculate the displacements due to this rigid pitch

mode. The mass matrix is only used in this sequence for

the eigenvalue analysis, therefore a lumped mass malrix is
sufficiently accurate. This rigid pitch mode shape is now
mull iplicod by an inpul paramelor AUAR Lo spoecily disiplace-

ments for an initial angle-of-attack. This procedure was
necessatry bocause Lthe NASTRAN program dooes nol have the
capability to set the model at an initial angle-of-attack.
The camber is now added to the displacements duc to angle-
of-attack.

The next function is the formation of the transforma-
tion matrix GTKA which transforms the displacements Lo values
of slope at the aerodynamic points. These slopes are used
to specify the strengths for the steady down wash vector
D1JK. 'The aerodynamic influence matrix AJJL for the doublet-
lattice method is calculated next. The inverse¢ of this ma-
trix when multiplied by the down wash vector, yields the
values for ACp at each of the aerodynamic points. These
ACp values are for the total pressure differentlicl across
the wing.

The next functions of Lthe sequence are those Lhe new

11




module will perform when incorporated inlo NASITRAN,  'The

transformation matrix TSTA is —~alculated Lo transform the
vector o. ACp values to a.a unconstrained global load vector
PG. This load vector will only contain non-zero forces for
the Z-direction degree-of-{reedom for the upper surface
grid points. The matrices necessary for the calculation

of the coefficients of lift, pitching moment, and rolling
moment are also built in this section of the sequence.,

They boundary condit ion: are now changed 1o hose spec-=
ified by subcase two, which constrains all the degrees-of-
freedom for the wing root grid points. The matrix data
blocks necessary for a static deflection calculation are )

setup, with this boundary condition. The displicements

calculated will be from the midplane of the wing pitched

at an angle-of-attack. These matrices are partitioned down
to the same analysis set used to calculate the airloads.

By doing this, the transformation matrices TSTA and CTKA
previously calculated can be used in the iterative loop

to calculate the flexible wing airloads.

The next function of the sequence is the loop to cal-
culate the flexible wing's displacements, static load vector
and airloads by the iteralive process. 'This loop calculates
an incremental displacement vector due to the initial load

vector. This incremental displacement vector is then used

to calculate an incremental airload vector which is transformed
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LO an 1ncremental load vector. ‘the iteralive precess is
continued until the norm of the incremental displacement
vecltor is less than a prescribed input parameter (LELOOP).
The incremental digsplacements, incremental load vectors
and incremental airloads are summed with each pass through
the loop. These sums give the final displacement of the
analysis set, the final load vector and the final airloads
for the flexible wing.

The next part of Lhe soequence rocover:s: Lhe comnplotoe
solution for the analysis sct and the omitted degrees-of-
fMrecdom, rrom tne complete solution, the stresses are now
calculated for any elements specified in subcase two of the
case control deck.

The co=2fficients of 1ift, pitching moment and rolling
moment due to both the final airloads and the final load
vector are calculated next. These coefficients are used as
a check on errors induced when the airloads arce Lransformed
to a load vector. The final section of the sequence contains
error messages called when a specific error is found duriag
Lhe exccution of the sequencec.

New Data Blocks and Parameters. The data blocks re-

quired by the new DMAP sequence were created and input direct-
ly with the bulk data deck. All of the input matrices except
the camber vector will be crecated by the new module when it

is incorporated into NASTRAN. Some extra steps were required

16




in the sequence Lo process Lhese inpul malrices and will be
removed when the module is added.

The new parameters thal ar: needed for this t=equence
are listed with a brief explanation in Table I. A list of
the new input matrices for the sequence is given in Table
II. The major function of these matrices is the transfor-
mation of the aerodynamic forces to the structural load
vector PG,

This lToad veclor can be created by one of the {wo
methods discussed in Section III. The first method gener-
ates the transformation matrix by

[TSTA] = q [TTTTT] [SASEL] [GTakT]T
for use in

IPG} = [TSTA] {QKKK}
which PG is the unconstrained load vector and QKKK is the
vector of ACp values at the aerodynamic points. The trans-
formaltion matrix GTAK for this methcod interpolates the QKKK

matrix to a vector of ACp values at the structural element

centrolids.

The second method generates the transformation matrix

TSTA in a slight different way. The matrix is now

[TsTA]l = q [TTSAS] [GTAKT]T
where the wairis 1"I'SAS is the assembled global interpolation
matrix for a consistent load vector for triangular clements

and the matrix GTAKT interpolates the same QKKK matrix used

17




I.ist of New Parameters.

NAMIS DESCRIPTIONS Ol PARAMETERS
AOAP Angle of attack parameter, used to set
angle of attack; Complex (AOAP,0.0)
QC Dynamic pressure, used for calculation
of loads; Complex (Q,0.0)
Q Dynamic pressure, used in calculation
of aerodynamic coefficients; Real
RC Reference chord length, used in calcu-
lation of aerodynamic coefficients;
Real
WAREA Planform area of the structural model;
Real
c Flag for camber vector, only input if
ICAMB camber to be specified; Integer >0
ELOOP Used to specify convergence criteria

for the norm of the incremental dis-
placements Real >0 or as a flag to
specify only rigid ACp calculations
Real <0

18




Table II. List of New Matrices

NAME

DESCRIPT'IONS OF MATRICES

GTART

Surface spline interpolation matrix for trans-
formation of ACp's at the aero points to ACp's
at structural points; real, general

SASEL

Contalins areas ofthe surface membranes to which
loads are applied; real, diagonal

TP

Transformation matrix to distribute 1/14 of the
louad on Lhe membranes Lo Lheir nodes; roeal,
general

TISAS

Asscmbled global interpolation malrix for con-
sistent load vector, triangular elements, re-
places SASEL and TTTTT for linear pressure
distribution; real, general

CAMBER

Contains camber surface displacements ior the
analysis set grid points; real, vector

SAS

A matrix containing one's where areas are in
SKJ matrix, imaginary part zero; complex, gen-
eral

ﬁIDMIT

Unit vector of length equal to number of aero-
dynamic boxes; real, vector

VGLS

A vector with ones in the proper positions, so
that when multiplied by PG it sums the loads;
real, vector

VGMS

A matrix with ones in the proper positions, so
that when multiplicd by PG it creates ua veclor
of the non-zero loads; real, general

VTMA

Contains the moment arms for the aerodynamic
pitching momert :bout the X-axis; real, vector

19




Table II. List of New Matrices (Cont.®

NAME DESCRIPTIONS OF MATRICES

VTRA Contains the moment arms for the aerodynamic
rolling moment about the Y-axis; real, vector

VTM Contains the moment arms for the pitching
moment due to the transformed loads about the .
Y-axis; real, vector

VTR Contains the moment arms for the rolling
moment due to the transformed loads about the
X-axis; real, vector

20




in the first method to a vec:ior of nodal ACp values. The

equation for the unconstrained consistent load vector is
{pG} = [TSTA] |QKrK]

where PG and QKKK are defined the same as in the first

method.

Formation of the interpolation malrix GTAKT is the
same for both methods. The NASTRAN subroutines source
decks used in the surface spline interpolation were used
Lo build Lhis matrix in a Lemporary external program, By
using the same subroutines the transposed interpolation
matrix will be the same as Lhe one gencrated by the module
when incorporated. Since the number of significant figures
1s limited to the size of Lhe data fields used o' input,
the large field bulk data cards should pe used.

The camber vector listed on Table 11 is used LO speci-
fy the camber surface of the wing, when required. This
vector contains the Z-direction camber displacements for
the upper surface grid points in the analysis set. Zeros
are entered for the lower surface grid points. In addition,
1f the wing is twisted this is added into the camber vector

in a similar manner.




Module Description. The new module when incorporated

into the NASTRAN program will be designated by cle name GIAS.
This module was not incorporated into the NASTRAN program
because the link-editor routine for the program was not func-
tional. This module will bulld internally all of the matrices
listed in Table II, except for the camber vector. The module
will be called in the new DMAP sequence prior to the calcu-
lation of the initial ACp values. The exact posilion of

Lhis new module and Lhe steps LU will replace in Lhe scequence
are shown in Appendix A, The [ortran source program for this
module is contained in Appendix €. This source program has
not becen tested with NASTRAN, but it should function correct-
ly when incorporated.

The following restrictions are required when using this
module. Since only the up»er sirfaces is loaded, the siruc-
tural model is restricted to CQMEMZ membrane elements on that
surface. Also, the aerodynamic model is restricted to one
doub%et-lattice panel which must lay in the X-Y plane.

The DMAP calling sequence for this module will be

GIAS ACPT,TOSEL,ECTA,GPLA,BGPA/SAS,
GTAK,TTTTT,SASEL,VGLS ,VGMS ,VTMA,
VTRA,VTM,VTR,AIDMIT/$
The five data blocks before the first siash mark are the
required input tables for this wmodule, These input tables
are listed in Table III with a shori description. The e-

leven output data blocks listed between the slas rnarks are
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the same matrices described in Table II.

Table I1I. Input Tables for the Module

[ NAML DESCILIPTLON

ACpPT Aerodynamic connection property table con
tains the value for the total number of
aero boxes.

TOSEL Sorted list of CQMEM2 elements to which
loads will be applied, in ascending order.

ECTA Element connection table for both struc-
Lural _oclemenl:: and aero boxoe:,

CPT.A Grid point numbers listed in order of

appearance in the BGPA table.

BGPA List of coordinates for both structural
grid points and grid points of aero boxes

The TOSEL table is specifically required hy the new
module and must be input with the bulk data deck. This
table lists the CQMEM2 element identification numbers for
the elements on the upper surface. These are the elements
the aerodynamic force will be applied to when transformed
to a load vector. These numbers must be listed in order
from lowest to highest.

This module builds the data blocks necessary for load
application by method one. For this method, the interpola-
tion matrix GTAK is built by a surface spline through the
aerodynamic poirtss located at the center of the guarter chord

of each box and the centroids of the membrane elements. This




module also bulilds the data blocks necessary for the calcu-
lation of the aerodynamic coofficients. All of these data

blocks are built with the origin as the reference point for

calculating the coefficients,

24
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V Resultls

——

The new DMAP sequence was successful in calculating the
airloads and stresses for @ [lexible wing. Several sample
cases were run and are presented in this section. Results
were obtained for two different aerodynamic models and for
two methods of airload translformation., These arc compared
with the sblution obtained by Lthe NASTRAN-USSALRO scquence.
Comparisons of rigid wing ACp distribution, errors caused
by the assumption used for load transformation, wing tip
deflections, and the convergence of the iterative processes
are presented. A summary of the cases compared are contain-
ed in Table 1IV.

The doublet-lattice panel is an unsteady fhia airfoil
aerodynamic model, that for zero frequency reduccs to a
steady vortex lattice panel. The new DMAP sequence only
uses the steady part of this panel, so this part was checked
against USSAERO for accuracy. The chordwise Acp values cal-
culated for a rigid wing are shown in Figure 3. The steady
part calculates lower values of ACp near the leading edge
and slightly higher near the trailing edge. The ACp dis-
tribution for the steady part is close to that for USSAERO
and is thus acceptable for use.

The chordwico ACp distributions assumed for load trans-

formation are compared with the aerodynamic distribution on
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Figure 4. The constant distribution assumed for the equiva-
lent loading in the first three cases caused the load to be
shifted aft as shown for case 3 on this figure. The linear
distribution assumed for the fourth case performs signifi-
cantly better in this respect. Similar changes in the span-~
wiseACp distributions are noted in Fiqure 5. The linear dis-
tribution for the spanwise direction transferred higher loads
Lo the coarsely meshed Lip region due Lo exlrapolalion.

This redistribution ol pressure over Lhe wing causes
errors in the transformed coefficients of lift, pitching
moment and rolling moment. ‘l'o illustrate this, these co-
efficients were calculated “or the four cases for both aero-
dynamic and transformed forces and are shown in Table V.
Included is the percentage difference induced by the load
transformation. The linear pressure distribution induced
the smallest errors for the load transformation.

The final deflected shape of the tip chords due to
the flexible wing airloads are plotted for all the cases
on Figure 6. All cases showed a similar chord shape, but
the total displacements due to spaiwise bending is dif’er-
ent. This is caused by the combination of aerodynamic mesh
size and load transformation method, which created varied
wing center of pressure locations. It can be seen that, for
this model, the elasticity effocts are related to twist and

camber changes.
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Table \.

Comparison of Aerodynamic Coefficient

COEFFICIENTS* | CASE**  CASE CASI: CASE
1 2 3 4
|
COEFFTC I ENTS c, .13764, .131823 .13246| .13625
DUE TO i
FLEX I BLE _ e _ - =
ATRLOADS Cy .10991 .103377-.1027 |-.10596
Cq ] .136603 .13508| .13932
i
CORFTC RN CL [ o119 Lisza| L1124
DUE TO
TRANSFORMED . RPN .
LOALS Cy - .09636 |-.09457|-.11191
Cr .11845 | .1146¢| .14161
-
PERCENTAGE** ERROR IN .
ERROR IN c, ~15.74 | -16.94: + 5.54
COEFFTCTENTS :
" [
pot 1o ERROR IN
- - |
TR ANSFORMATION Cy 7.28 8.60.i + 5,32
ERROR IN ;
Cq -15.07 | -17.5 j + 1.62

*A]l]l the moments are calculated about the origin.

**Transformed loads were not available for the sequence
used for this case.

***EFor cases

2,

efficients was calculated as follows

ERROR =

3 and 4 the percentage error in the co-

TRANSFORMED - AERODYNAMIC

TRANSIFORMLID

X 100%
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'he sclution convergence ionr the four cases is illus-
trated in Table V1. The new DMAP sequence used the norm
of the incremental displacement vector as the convergence

check, while the change in 1ift coefficient was used for

the interfaced NASTRAN-USSAERO sequence. The iterative
process converged slightly faster for the finer aerodynamic
mesh used for cases three and four. The bhilinear pressure
distribution of case threce. Fach loop pass in the iterative
process used bn Lhe now DMAR Soquence required approximalely
twenty seconds of central processor time and forty seconds

of input/output timec for this particular model.
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Table VI. Convergence of the Four Cusocs.

LOOP CASE 1 CASE 2% CASE 3« CASE 4*
CL NORM* * NORM* * NORM* *

1 . 14192 18.2335 16,428 ¢ 20.069

2 .13853 1.627 .74882 .92205

3 .13668 .0788 .10017 .09327

4 . 13799 .0289 .01048 .0092

5 .13673 .0003264 .00118 .000837

© .13802 .0001375 .000128 .000094

7 .13762 .000031

8 .13764
MAXTIMUM -6 -6 -6
CHANGE IN 7.81(10 7) |-3.184(10 ) -2.347(10 )
z DISPLACEMENT
FOR LAST PASS

) 1

*ELOOP = 00,0002 for cases 2, 3 and 1.
**Phe norm shown for each loop are the incremental values.
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VI Discussion and Recommendations

The new DMAP sequence has shown that with some refine-
ments it can be a very useful method of calculating flexi-
ble aircraft airloads. The sequence could be modified to
allow restart capability for large jobs and also modified
to allow solutions for multiple angles-of-attack. The
methods of transforming the airloads could be improved for
quadralateral plate elements by using a bilinear Acp dis-
tribution over the element. This would allow for the calcu-
lation of consistent moments in the load vector and would
better represent the actual airloads.

Having a module in the program to set upthe required
matrices will make the sequence easier to use, the data
blocks will not have to be created separately and then in-
put with the bulk data. This module could be set up to use
any of the load transformation methods depending on the
requirements and the model used. The module could also be
used to set the initial angle-of-attack, and would thus
eliminate the need for a real eigenvalue analysis.

The surface spline interpolation used in these trans-
formations needs to be looked at to set how the aerodyna-
mic mesh can be specified to make the interpolation of ACp
distribution more accurate. The linear attachment flexibi-
lity parameter DZ should be checked also, relaxation of
this parameter should smooth the interpolated surface.
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The new sequence currently uses the doublet-lattice
aerodynamic method. Although this method can be used for
transonic speeds, the results produced are not accurate.
The other aerodynamic methods and the interference bodies
need to be looked at, to see if they can be used in this
sequence. This would allow for subsonic modeling of the
whole airplace and the use of wing models for supersonic

speeds.
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APPENDJIX A

List of the New DMAP Sequence
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STATMENT SENJENSE FOR A FLEXIBLE WING MODEL

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTINS

OPTIONS IN ZFFZCTt 30 ERk=2 NOLIST NODECK NOR:EZF NOOSJAR

1 BEGIN 3

2 gliilifl‘lﬂ“‘v“"J"“JQ’@'IQ4!'**0044'60!44’0‘46!Ov.0'-’"!000.‘-"'1*"!

2 %
2 i THIS SEGTIO COMMON TO RIGID FURMATS t AND 13§
2 i 1
2 GP13 GZIIM'yBEOM2, /GPLyECEXTHyGPOTHCSTMYIGPOT ,SIL/VyN,LUSET/Z  V,H,
NOGPPRT §
3 save LUSET , NOGPIT 3
i 4 COND ERROPL,NOGPOT § . ‘ g
5 5P2 BEIMT, ENEXIH/ECT ¢
6 PAKAML  P2DB//Cy)NyPRES/Cyixy /LyNy /Cy s/ Ny JUMPPLDT
7 GP3 GZOMIHENEXINGREGM2/,6PTT/V,HyNOGRAV 3
8 TAL Z0T v EPT,BGPDT,SILyGPTT,CIN/EST ) GELy GPECT 7Vt LUSETZ  V,N,
NOSTMP/C,Hy1 /VyNy NOGENL /VyH,GENEL &
9 SAVE NDGENL yNDSIMF,GENEL &
10 COND ERRORL,NOSIMF §
11 PAFAM 770 3Ny ADD/V ) NyNOCKGCEX/C g H91/CyNy i &
12 PARAM 772G 4Ny ADD/Y 4y NyNOMGG /CyHy3/CyNy G & j
13 EMG ESTyCSTHyMPT 4NTT 3G 0MT, /KEL M, KOTICT, MELN, KOIC 1y 7V HyNOKGGX/ V,

Ny HOMSG/C )Ny /00, 7T 3Ny /0, Y, COURHATS /N, Yy CPBLR/T, Y, LRHODY/Z €Y,
SPOIURDL/C Y, CRQUADZ/L Y, CETRIAL/ S, Y, CPT <1220, Yy CFPTUREZ C,Y,
CPOOPLT/C,yY,y CPTRFLT/C,Y,CPTRBSC

1h SAVE NI E~X gNONHGG S
1% COKD JMPKEG X, NOKGGX §
16 C[MA GPICT yKDICT )y KILM/KGHX,GPST &

17 LABEL JUPKEGX §
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STATHMENT SEQJENST FOR A FLEXIDBLE WING HOWEL

LEVEL 2.0 NASTRAN 0OMAP COMPILER - SOURCE LISTING

16 COND ERRORL,HOMGG $
19 EMA GPECT ) MDICT, MELM/MGE,/CyNy=1/C, Y HTHAS3=1,0 &
20 COND LGP WG, GROPNT 3
21 GPWG RSP DV, CSTMy LREXIN, FGG/OGPWG/V, Y, GROPNT==17C, Y, HT4ASS {
22 oFp OGPHGy yy99// UyNyCARDND S
% 23 LADIL LGPHG 3
‘ 24  E0UTV KG5X,KGE/NOGFNL $
f 25 COND LIL11, NOGENL 3
26 SHA3 GZL y/XGGY/Vy NyLUSET/V, iy NUGENL/CyMy =1 3
27 AQD K3GX, KGGY/KGG § .
26 LABEL LIL1t 3
29 PARAM 770 )Ny MPY /4 NyNSKIP/C 3N, 0/C ytyu 3
30 PAFAM 778 3Ny SUB/V, Ny GESINT/C,H,8/CoHy1 §
31 PUFGE RBB BB, D1JE,D2JE/DESINT ¢
32 PAFAM 77C yNy MPY 7V, Ny KOCAFBER/Cy Ny 1/C, Y, ICAMB==1 3

33 PURGE CAMBER/NNCAMBER ¢

34 PARAM 770 Ny ADD/V Ny TRANSZC )Ny 1/C Ny 0 §
35  JUMP SETUP 3

36 LABREL SETUP §

37 COND LBLYD, FRANS §

38 LA E I E R L L RER Il E R DI I AR PRy Y Y P NS Y A N IR P TR I X N Y I | PTY

38 ¢

38 3 THIT SECTI) COMMON YO RIGIN FGRMATS 19

38 ¢

38 GPY CASECC »650Me ,ENEX LN, GEDT 4y BGPOT yCaTH/RG,) yUSITHASET/V,  N,LUSET/

VaNyMPCFL/V,) NyHFCF2/V iy S1HGLE/ZV N QMIT/ VN, REACT 7V, N, HSKIP /Y,
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STATHENT SENJENZE FOR A FLEXIBLE WING MOOEL 1

39
4

h1

53
&h
h5

47
4“8
49
59
51
52

(Y4 v \n
v <

A°1)
~ @

59
5¢
51
62

LEVE.

SAVE
GPsP
SAVE
COND
OF P
LABEL
tQUIvV
COND
MCEL
MCE2
LABEL
ENUlY
COND
SCE1
LABEL
ENUIV
PURGZ
COND
PARAM
VEC
PARTN
DECO4P
SAVE
FBS

240 NASTRAIN D4YAP COMPILER = SOURCE LISTING ;

Ny REPEAT/V4N 4NOSET/V,N,NOL/V,N,NOA/C,Y,SUBRID ¢
MPCF1,MPCF2, SINGLE yOMIT yREACT yNSKIP,REPEAT yNOSET 4 KCL,NOA 3
GPL yGPST,USET,SIL/OGPST/V,N,NOGPST 3

NOGPST %

L3L4,NOGPST §

OGPSTs 3553/ / Vi, CAFORO

LBLY 3

KGG g KNN/MPSF L/MBGy NNN/MPCFL 3§

LIL2yMPCFL 3

USZTeRG/HM 3
USETyGMy K56y MGGy p Z/ Klilly Mty , $
L3L2 3
KNNgKFF/SINGLE/MNN,MFF/STNGLE 3
L3L3HySINGSLE ¢
USETaKNNy“NN 9y 7KFF 3 KFSy s HFF, 4 3
LIL3 3

KFF sKAAZQHIT 7 MFF,MAAZOMIT
GI/OVIT 3

LILG,0MIT 3

77C 3y PRECIV yNyPREC &
USET/ZV/T N, F/CyN,O/CyNyA ¢

KFF 3V, 7¥.N0,y y KIP, KAAB |
KOO/4L00,U00/CyNy1/CyN O/ VyNyMINN/VyHY0ET 73Ny HDET /V3Hi, SING &
MINDL,DET,HDET,SING &

LOO,UO0,K0A/GO/C )Ny 1/Cy N, 1/ V,H,PREC/V,H,PREC §
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STATHMENT SENJENIS FOR A FLEXICLE WING MUDEL

653
bt

56
67
68
39
(4]
71
72

73
74
75
T6

r7
78
79
8

81
82
83

04

LEVE.

MPYAD
SHP2

LABEL
SOKD

RBMFGL
KBHG2
RBMG3
RBMGY
LABEL

0PD

oFP
COKD

NMTRXIH

SAVYE
LOuUlIv

GKAD

GKAM

HASTRAN DYA® COMFILER = GOURCE LISTING

KOA,6NsKAAB/KAA/C,Ny1/7CyNy1/CyN,1/V 4Ny PREC $

USET,G0,MFF/ MAA S

LBLS 3 -

L3LK,REACT §

USET,KAB, MAA /KLL s KLKy KRRy MLL yMLR yMRR 3

KLL/LLL/ $

LLL yKLR, KRR/ QM i

DMy MLL yMLR, MRR/MR §

LBLG $

DYNAMICS,GPL ySIL,USET/GRLOySILD,USETN, TFFIIL 3999y EEDy EQDYN /Y,
My LBSET /V )Ny LUSETI /W, MOTFL/Y g NyNODLT/V,H, NOFSOL /V yNy NOFRL /V
Ny HOBLFT /¥yt yNCTAL/ZV My NILED/C g Ny12 3/V,NyNIOUE o

LUSETD,NOUE, NOEFD i

FRROR2,N0E50 3

60, GOD/NOUZ/ GMy GNO/NOUE 3

KAN,MAA MRy NMyCED, USET, CASECC/LAMA, PHTA,“[,05IGS/7Cy NyMODES/ Yy N,
NEIGY 8

NSIGY $
DIIGS LAMA,, 5 5//V,N,CARCNO 3
ERRORM yNEIGY 3

CASECC ,MATPOOL,LONYE, , TFPOUL/K2ZPP,M2PP, 3205 /V My LUSETD/V,y N,
NOK2PP /V, Ny NOMZPP/V N, NU32PP §

NIK2PP yNOM2P £, HON2FP §
MH2PP,H20ND/NOA/L2PP,,BDO/NUA/K2PP K200/ ¢

USTTO,6My G0Ny 5y 9y K2PPyM2PPLB2PP/, 50,600,200, 200,200 /C, M,
C*’L‘V’:,N’"ISF/C,N,HOULL/G,N,ﬂ-ﬂ/:;ﬂ,d-%l",N,0.0/V,Ngnofﬂpp/v,
Ny HNA2 PO 73, 1 g HUBEPT Y Wy 15y NPCF L7V My SENSLEZ T W Ny UMI T/ VyN,NOUR/C,
Ny=1/NgNy=l/ CyNy=1/CyHy=1 %

U;ETD,F"IA’ ’ LANMA ,Ul] ,"‘200,”200,‘(2001 CASLCC/“HH’BH“' KNH, AAAA ﬂ/v,
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STATMENT SENJENSE FOR A FLEXISLE HING MOOEL

8%

87

38
89
3¢
91

92

93

97
98
99
133
104
132
133
L4
135

106

LEVEL

SAVE
ADO

APD

SAVE
PAKAM
conD

PARAM

PLTSZT

SAVE

PRTMSG

COND

PLCT

SAVE

PETMSG

LABE.
COKND
Bl
PARAM
AMG
SAVE
PARAY

3

HASTRAN D4MA® COMFILER = SQURCE LISTING

Ny NO'SFE /S, Y3 LMOCES=0/C, Yy LFREN=04/C, Y HFREQ=04/Yy Ny, NOMZPP/VyN,
NOSZPP/V,y Ny NOK2FP/V Ny, NONCUP/V , N ,FYUDEZC, Y ,KOAMP §

NONCUP 4FMODE

AAAAL GCAMBER /PHIDH/C Y A0AP= (146,00 D) /72,7, 0ZTA=(140,CeM) $

EIT 4 EQIYNLECT,BGPOTySILNHyUSETND,CSTH,GPLO/ENAERD,ECTA,BGPA,STL],

USETA y SPLINS JALROyACPT, FLISTyCSTMA,GFRLA,CLL3A/V,N NK/V, NyNI/V,
N, LUSETA/V,N,R0V &

NK,NJ, LUSETA ,A0V 3
77C 3Ny MPY/V, NyPFILE/C,H,U/CyHyt §
SXPOLT, JUMPPLOT $

7/7C yNyMPY /Y,y Ny PLTFLG/Cy N4y 0/CyHy 1 3

PCOBIEGATRI,) ECTA/PLTLET A, FLTPARA,SPSETSA,ZI33TSA/Vy Ny NSTLLZ YW
JUMPTLOT 3§

NSTL!, JU4PPLOT §

PLTS"TA 77 3

SXPPLT JUMPPLOT $

PLTPARA, "OSETSA,LLSETSA,CASECC,O6PA, EQAZR0O, 5499 /FLGTX2/V,yN,

NSILL/ Yyt LUSETA/V Ly JUINPELOT/V Ny PLTFLL/VGNyPFILE 3§ r
PFILFy JUMNPPLCT,,FLTFLG 3
PLOTIX2 /7 3

SKPPLT 3

ERROR2,NOZED $

SPLINE,USIT HCSTMA,BGFA,SIL 5 »GMyGO/GIKA/V, NN/ Vi, LUSET 8
77C 9N, AND/Y,, My DESTRY/C,N,0/7CyN,1/7 2
AZROJACFT/ZAIIL,SKIyDLIK) 02KV 3 K/VyNyNI/Y N, DESTPYZ €
NDESTRY 3

7/7C oty SUR/Vy NyINEN/C 4y 0/Cy Nyt &
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STATHMENT SENJENCT FOR A FLEXIFLE WING MOOEL

106
106
e
106
106
156
106
106
106
1086
106
137
108
108
108
18
108
108
199
119

112
113
114

119%

LEVE. 240 NASTRAYM DMAP COMPILLE = uiUkCEt LISTINSG

3

CRARPENPUINS IVRRI SRV HSIBELIILGBB22003 3825042300002 3 20038203383 40000

t

3 THE MOOULE WILL REFLACE THI FOLLUMING STATYINTS

S

3 THZ DUAP [NSTRUCTILUN i THE MODULL UILL 3E

3

¥ GIAS AFOT,TOSEL;SCTA,GPLA,EGPAISAS,STAK,VGLS,VGMS,VTHA,VTRA,
3 VIM VTR, ANIDMIT/ S

EQUIV CETH)SAS/THEN S

TRNS? GTAXT/GTAK §

$

t T4IS ZNDS THE SECTION TO AZ REPLACED BY [HE MOGDULE

H

R RN R LY L N T L Ty Ly Y Y Y Y P N L S LA R P ISR Y Y R TR
$

ENUIV NLJX,CPPN/DESINT ¢

400 SASHCPOPM/THA/C )Yy ALPHA= (140 450¢0) /5, Y RZTA=({=140,040) §
MPYAD TMA,SKJy /TTAA/CyNyd/7CyNy1/CyNyO/CyNy1 3

MPYAD TITTTySASELy /TTSAS/C ke 0/, 178 ,8,873,8,L b

MPYAD TTSAS,GTAK,y /7 TSTAP/C N, 075,470 3Ny0 /0,051 3

ADD TSTAF, BRANS/TSTA/C Y, U070 ,Y,BETA=(0,0,840) &

MPYAD ATOMT , TTAA,Z/ ATNAZC )N, 1/7C 0y 170, Ny0/70 3y 1

MPYAD TTARSYTRA,/THGRAZC )N, 0/ 0 )Ny 1/C 3 H407/C 48 B
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STATHENT SENJYENSE FOR A FLEXIBLE WINLG MODCL

116
117

118

119
121

121

126
127
128
128
128
128
120

129
134
131
132

134

134

LEVEL 2¢7 NASTRAN NYAF COMPILER - SOQURCE LISTING

MPYAD
PAFAM

AMP

SAVE
MPYAD
MPYLD
PARAMR
PbKAME
PARAMR
PAKAM
COND

LAREL

.

TTAA,YTMA, /T VEMA/C4N,0/C 9Ny 2/CyHy0/C 4Nyl b
/770 ,", AD')/V’ N,XOHH[/C,“,i/C,N,D :3

AYJIL,SAS, DL JKyDZJKy GTKA , PHIDH, D1 5, N2JE, USETD,4EI0/ GHHL T, NKHL T,
QHULI/Z ¥, Ny NOUE/ZV ) Ny XQWIL/V, Y, GUSTAERO=#L »

XAHHL §
CDPR‘QKHLI,/QKKKl/C,N,L/C,N,l/C,N,./C,ﬂ,l 3
TQTﬁXQKKKI,/pﬁ/:,N,O/C,N,l/C,N,U/C,N,l 3
7/7C Ny MPY /UG HyRCAREA/V, Y FC/V; Y, HAREA 3

770 yNyMPY 7V, Ny OAREA/ZV, Y, NAREAZV,Y,Q $
//C)N’HPY/V,N,ORCAREA/V,Q,RCAREA/V,Y,Q 5
/770 gNy MPY /Y 3y NgTRANS/CyHy1/CyNy =1 3

L3L 1@, TRANS ¢

L3LLS §

JINNPUABREN BN SRR AS BRI REN 4oL BB PP SV BN AN sV PV T PSSP BV EII NV SN GO MV G R

$

s

<
R

GPL

SAvVE
COND
PARAK

PULGE

coro

GPSP

THIS SECTIO COMMON TO RIGID FORMATS 1

CASECC »G6EDHY ,COEXIN,-POT 3 BOPOT y NSTM/RG, YSy USET o ASET IV, il LUSET/
VN ,MPCFL/V, NyMECFI/V,y Ny STHOLEZV Ny OMIT/ZV,y N, RFEAC 1 /V Ny USKIP /Y,
Ny RETEAT/VyNyNOSET/V,y Ny HOL/VyNyNUA/C,Y,SU31D

HOCF1,MPCF2,) SINGLE ) OMLT s REACT ) NSKIPJREPEAT ) NGSTT,HOLyNOA 3

(2

ERROAI HNOL
J7GC yN AND /Y, Ny NGSR/ZV Gy Ny SINGLEZV  NsREACT

KRR 3 FLRyTRyDOM/PEACT/GH/MPCFL/G0,K0)yLGI,PO,UG0Y, ~UCV/OMIT /PSS,
KFS»K3S/SINCLE/NDG/NOSR 3

LBL1A, 5L 8

GPLGPSTHUSE T)SIL/OSFST/V,11,NOGPST 3

Covaiay
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STATHZINT SEQUENTS rOR A FLEXIDLE WING HOUEL

135
136
137
138
139
i
161

1h2

143
144

145

LEVEL

SAVE
COND
oFpP
LABEL
EQUIV
COND
MCCE1
MCE?
LABEL
EQUIV
COND
SCE1
LABcL
IoUIY
COND
SMPL
LAGEL
EQulv
GONO
RBNMGL
LABREL
RBMG2
COND
RBMG3

LABEL

2¢0 NASTRAN DMAP COMPILER = SOQURCE LISTIHNG

NOGPST

LBL 1%, NOGPST ¢
OGPSTypy9977 &

LaL1g $

KGG yKNH/MPCF 1 §

LOL 15, MPLF2 2

USET,RG/GM %
USET,GHyKG5y 59 /KNNyyy 3
LBL15 3

KNN , KFF/SINGLE §
L3L16,SINGLE 3

USET . KNNy 9/ KFF \KFS,'8S )y, ¢
LALLe §

KFF, KAA/ONIT 3

LBL17,0MIT 2
USET3KFFyy9/GOgKAA,KOO,L00,yyyy $
L3L1r 3

KAA KLL/REACT §
L3L18,REACT ¢

USETs KA, /XL LyKLRyKFRRy,, 3
LBL1G 3

KLeszeee @

LBL19,REACT 3

LLLyKLR, KRR/ 01 ¢

L8L19 §
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STATMUNT SENUENTE "OR A FLOXIMLE WING MODEL

LEVEL 20 NASTRAN DMAP COFFILER = SOURCE LISTING

180 REPT SETUP,1 3
1614 CoPY PG/PGT/DESINT 3
1352 PURGE ULVT,U00VI/IWED $

153 PURGE PST,QRI/IHEQ ¢

-
o
&
b d

1654 GASNSREBREBE D R BVRBY N BEPB L ARV L S BB SLBVSNLE I ALETV BBV IBLIINRNRTY SRS M08

154 3
164 S ITERATIVT LOOP FOR FLEXTLLZ WING CALCULATIONS
16& ¥ ‘
1664 Jurp LOOPTOP 3
15% LAREL LOOPTOP 3
156 COND FINIS, ELOOP ¢
‘157 5562 USET,GMyYS,KFS,G0yDH,PG/@RyPO,PS,PL &
168 SSG63 LLL yKLLyPL,yL CO,KOO0,PC/7PHIOH,UCGOV,RULY,RUQY/V 4 N,0M1IT/ -
VyYyIRES==1/ Vo Ny NSKIP/V,yN,EPST 3
159 SAVE EPST 3
178 CONO LBL20, IRES ¢

171 HATGPR  GPL,MWSET,SIL,RULV//C,N,L 3
172 MATGPR  BOL,USET,SIL yRUOV//C,N,0 §

173 LABEL LBL2o 3

174 400 PHTAH,ULVIZULYT $
179 ADOD PS,PSI/PSTT ¢

176 AOQO VooV, JOOVI/VOOVT ¢
177 cCohnD LOL30,REACT 3

1786 AOD @R, QRI/QRT ¢

179 LAREL LeL30 3

17
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STATMENT SENJENSS FOR A FLEXIBLL MING MUDEL

180

131

182
183
136
18%
186
187
188
199
13§
131
192
193
194
199
196
197
198
199
203
201
292
233

204

LEVEL 2.0 NASTRAN D4YA® COMPILER = SOURCE LISTING

PARAM

AMP

SAVE
MPYAD
MPYAD
AQD
ADD
MPYAY
PARAML
PARAMR
PRTPARM
PAFAMR
COND
PARAM
PURGE
COND
PURGZ
COPY
LAPEL
corPy
COPY
coPy
copy
copry

REPT

77C yNy ADD/V 4 Ny XOHHL 7C 3N,y L/C Ny O §

8JJLy SAS, DL JIK,DZIKyCTKA,PHIDH, D1 JE,N2IE,USETD,AERG/ QHHL  QKHL,

A4IL/V 9M,NOUE/V, Ny XOHHL /V,Y yGUSTAERD 5
XQHHL $

CPPM, QKHL 3 7QKKK/C Ny /CyNyL/CyN,0/CyN,L §
TSTA,QKKK, 7P G/C,Hy0/C, N, L/CyNy0/CyNyL 3
PG, PGIIPGT $

OKKK, QKKKT/ QKKKT 3

PHIDH, PHIOMN, /TNORV/CyN, 1 /CyNyg3 /70,3, 8,0/C,Ny1 &
THORVZ /Gy NyOMI/ZC 9Ny 170y Nyl/V, M, SQN $

77C 9Ny SQRT/V 4N, VHSR/V,N,SOVN ¢

7/7C yNyG/7C,Hy YNSK 3

77C gNy LT/ VN 3CHLEOF/V,ylig VISRICy Y,ELJOR/ 7/ /Uy NyFLAG §
LALS O, FLAG §

77C sty ABD/V 4Ny INER/CoN, 0/CyNyi 3§
ULVT,PSI,U00VI/IHEQ

LBL 31,REACT S

RRIZINEQ 3

NRT/GRI/ZVESINT ¢

LBL3L 3

OKKKT/AKKKI/ DESINT ¢

ULVTZULVI/DESINT §

PGT/PSI/70GSINT §

PSTT/PSI/NZSINT 3

UIIYT/UOOVI/ OESINT o

LOOPTOP, L0 ¢
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STATHENT SENUENCE “OR A FLEXIBLE WIKG MODEL

LEVE. 2.0 NASTYRAN DMA®™ COHPILEF -~ SOURCE LISTING

-

2U% LABEL L3L50 3

236 ?&l#l"-"' LR AR EA R E X E R 2 A R R R IR Y Ny Y Y N Py N Y Y Y I T YR I Y

206 3

236 ¢ THIS SECTION SIFILAR TO RIGID FOR“AT 1

206 1 FO  THT RFCOVYERY CF TOTAL OISPLACEMENTS AND STRESSES
206 4

26 MATPRIN ACKKT, ULVTyy 47/
227 PARAM 777 )Ny ADD/Vy Ny NSKIP/CyNyQ/CyNyi &
208 Jump RECOVERY 3

209 LABEL RECOVERY ¢

211 SOR1 USET,PGT,ULVT,U00YY,YS,60,GM,PSTT KF$,KS§5.QRT/UGV,PG6,Q6/
VyNyNSKIP/C,y NySTATICS 3

211 PARAY 77C 4Ny ADD/V ) Ny HSKIP/CyN,1/C 3Nyt &

212 REFT RZICOVERY,1 3

213 GPFDR CQSECC,UGV,KFLM,KDICT,ECT,EOEXIN,G?QCT,PGG,QG/GNRGY1,0GPF01/.
CyN,STATICS ¢

214 OFP ONRGYL 405PFR1,y,,// &
215 SOR2 CASFCG,CSTHM, MPT, NI T,EQEX TN, SILyGPTT,ENT,26F0T,,Q56,0GV,EST,

XYS”G,PGG/OPGL,OQSi,OUGVl,OESL,OE'I,FUSV!I:;N,SIA]ICS/V,N,
NJSN*T2==4 ¢

218 SAve NOSORT2 3

217 CGoND LRL 2!, NOSORT2 $

218 SOK3 JUGVI, 0PG1,0Q51,0EF1,0ES1,/0U6V2,0P5G2,00532,0EF2,0752, S
219 0OFpP JURYE, 0PG2,0Q62,0LF2,0ES2,//VyN,CARPHO &

22C SAVE CARDNO ¢

221 XYIRAN  XYCDB,0PR 240062, QUGVE0ES2y 0EF 2/XYPLTE/S, Ny TREN/C 1 ,FSTT/V, N,
PFILE/VyN,CA RONO 3

222 SAVE PEILE,CARDNOD %
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STATMENTY SENJENIE FOR A FLEYIBLE WISNG ™“ONEL

223
224
225
226
227
220
229

230

231
232
233
234

234
234
234
234
235
236
237
238
239
240
241
2

2% 3

LEVC. 2.0 NASTRAN NMAP COMFILER = SQURCE LISTINS

XYPLIT XYPLYT/7 3

Jump neLor §

LABEL LaLzt 3

oFP QUG VL ,0PG1,0Q61,08F1,0ESL,//V,H,CARONO }

SAVE CARONO 3

COND P2, JUMPPLOT ¢

LABEL poLor §

PLOT BLTPAR ,GPSETS,ELSETSyCASECL ,B6GPOT,E@EXIN,SIL,FUGV 1, yGFECT,0ESL/

PLOTXC/VY )Ny NSIL/Vy Ny LUSET/Y 3, JUPPLOTZY,yN,PLTFLG/V,N,PFILE 2
SAVE PFILE 3
PRTMSG PLOTX2// 3
LABEL p2 8
L R T Y N T B O Py R S S TSRS F TR RS PR T Y TR I
g

3 THIS SECTIOM CALCULATES THE AERONYNAMLS COLFFICIENTS
$

MPYA) ATHA, @KKKT,/ TFACP/CyNy0/C Ny 1/0 My Q/CyHy1
PARAML  TFACP//CyN,DMI/CyN,1/C,My1/V,N,CLAA 3
PARAMR  //C 9Ny DIV/V, NyCLACP/V N, CLAA/V Y WA REA §
MPYA) TVEMA, OKKKT, /THACP/C,Ny1/CyNy1/C 4N, 0/C, Nyt i
MPYAD TVERA, OKKKTy /TRACP/C,Ny1/7CyNy1/CyNyO/C Nyt 5
PARBML  THACP//CyN,DMI/GC Ny1/C,Ny1/V,N,ACHA 3
PARAML  TRACP//C,NyNAL/C M, 1/CyNy1/VyN,ACRY 3
PAFLMR  //7C ,NyDIV/V, N CHACP/Y,NyACMAZY 11, PCARBA §
PALAMR  //CyN,DIV/V,y NyCRACF /V,H  ACRA/V yN,FCARES |

MPYAD VGLS,PET, /TFSGP/C Ny 1/, 1 7Co 1,078 ,Hut
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STATMUNT SEAQUENIE FOR A FLEXIOLE HWING MONEL

244
245
246
247
248
249
250
251
252
253
254
255
258
257

228

LEVEL 2.0 MAS:RAN DMAP COMPIL:R -~ SOURCE LISTING

PARAML
PARAMR
MPYAD
MPYAD
MPYAD
PARAML
PARAHL
PARAMR
PARAMR
PRTPARMH
PRTPLRM
PRTIPARM
PRTPARM
PRTPARM
PRTPARM
Jump
LABEL
PRTPA R
LABEL
PR PARH
LASEL
PHTPARM
LAEEL
PRIPARM

LADEL

TESHP/ /C HyDMI/C 1, 1/CyNy1/V,N, ACLS 3
77CyRy0BIV/V, NyCLSGP/V,N, ACLS/V,H,GAREA §
VGMS, PGT, /FMSGP/CyNy1/C,H,4/CyN,0/C, Ny §
VTH,FUSGP,/TNSGP/CyNy1/7CyNy1/7C,Ny0/C ML &
VTR, FMS5P,/TRSGP/CyNy1/7C 4Ny 1/7C,N,0/C,N,1 3
TUSGO/ /Gy Ny DMI/C Ny 1/C, Ny 1/ VyH, NACMS 3
TRSGP//Cy Ny DNI/C 4Ny 1/CsHy L/ V 4Ny QACRS 5

77C N, DIV /N, Ny CHSGR/V,H, QACHS/ VN, @RCARLA 5
770 4Ny BIV/V, HyCRSGF /Vyty DAGRS/V 5 Hy ORCAREA 5
77C 4Ny 0Q/CyN, CLACP ¢ ‘

77C yN3Q/C N, CHACP §

77C 3Ny Q/C 4Ny CRACP §

778 4Ny 0/C 4N,y CLSGP

(2.

/7/7C )Ny O/C 4N, CMSGP ¢

7/ 9Ny 075 4,Ny CRSGP

-o

FINIS &
EIROR2Z $
770 3Ny =2/ 9yNgFLUTTER §
FRRORL 2
/7% My =L/Cy N FLUTTER 3
ERRORA ¢
77C 3Ny =4 /CyN,FLUTTER ¢
ERRTRG 3
770G 9Ny =3/C,N,8TAYLCS

FINIS $
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APPENDIX B

Model Descriptions
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APPENDIX B

The structural model used to test the DMAP sequence
consisted of rods CROD, quadralateral membranes CQMEM2,
and shear panel CSHEAR elements. The CROD's provide ten-
sion, compression and torsional stiffness, The CQMEM2
elements have a finite inplane stiffness but do not resist
bending and the CSHEAR elements resist tangential forces,
but do not resist normal forces. The elements used in
this model do not handle rotatiocnal degrees of freedom,
so these were constrained out of the solution. The number-
ed grid points are shown in Figure 7, illustrating the
relative shape of the model. The elements were shrunk by
50 percent to show their relavtive positions in Figure 8.

The aerodynamic mesh size used for the panel with
twenty boxes is shown in Figure 9 versus the projected
mesh of the structural model., The sixty-three box panel
is shown in Figure 10, The aerodynamic models used the

reflected wing in the calculation of aerodynamic forces.
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APPENDIX C

Source Program for Module
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cacoono

GO0

SUSFUUTINE G6IAS

INTEGER SESeGTA g S Ly TTITTyVGLSyVGHS VI MA, VT YT, VIRA,AIDMIT
INTESER ACPT4TIS T 4EnTA,5TLA,8GFA,RUF1,3UF2,BUF3,CO0R357

INTEGER TRAIL, 47T A441733, 7YPIN,TYFOUT

DIMINSION TPRATLIT) ZMCAA(?)GMCRE(T) 37 (1) 317 (1) ,NAMZ(2)
ZNUIVELINGT (I 4,7(1))

COoMON 7/

SCoOMMOM Z7SYSTOH/T R

COMMCN  /7PASYX/ITYZTIN, TYPOUTHIROHyNROWyNM

NM=1

DATAE NAMZI/ZUHGIAS,y HPTAY/

DLYA ECOTyTOSZLe CTA,G6PLAYBGPA/L 15102910351 )%914%/

DATE SRS ,5T 8K, TTTTT,SAST Ly VGLSyVGMSy VTMA,VTRA,VTM, VTR, AIDMIT/
. 2’91, 2. 2,233,2)'4’ 2".’";,256’21.7,21 6,2J9,21L,211/
LCORI=CCIET(7,1)

BUF1=LC0E-TRU+1¢

IF (BUF1,LZe") 59 TD 5130

AN "N IS 3ITFOAT "HE NATA 3LOCK NAME SPSCIFIES THE FIRST
ADDFESS JF THT 3L 0% T* OFIN COFE

AN "L* B8IFJF€ THT NATA 3L CCK NAME SPECIFIEZS A PARAMETZR
WHICY IS THZ LINT="H JF THT DATA 3LGCK 1IN OPIN CORrE

NACPT=1

CALL GOPIN(ACPT, 7(BUFL), )

CALL READ(ASPT ST (*'ACPT) HE 41,44)

NI IS THE NUMEIR NF AZ?0 30XES AND POINTS

NI=7(NAC>T+%)

CALL CLOSFE(ACPT, )

TRATIL(1)=TOSEL

CALL RDTRL(TRAIL)D

ND IS THE NUM3IR OF STRUCTU-AL ELEMENTS LOADED AND AL.3D
THE NUMBEF JF TI®INDENT STRUCTUFAL POINTS

ND=TRAIL(2)

NTOSEL=NACPT #&

CALL GOPZIN(TOSZLe7(RUS1Y, O)

CALL READ (TOSZL o7 (NTISELIGNDyigM)
CALL CLOSE(TOS=ZL,®)

TRAIL(1)=G”LA

CALL ROCTRLIT®AIL)

LGPLA=STRAIL( D)

LBGPA=L®LGPLA

CALL GGPIN(53PLA,7(BUF1),0)
NGPLA=NTISIL #ND

CALL READ(GPLA,7C"GPLA) L CPLAy14M)
CALL CLOSE(S5PLA, )
NBGPA=NGALA+LGPL R

CALL GOPIN(BGPYy?(RUFL),y ")

CALL READ(25FA,7(3G21),L EGPAy1,4M)
CALL CLOSE(B6PY, 1"

NCORZ=BUF 1-t
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1C

CHECY TG SI£ IF ZNOUGH 0P EN COKE IS AVAILASBLE
IF (NCORZIoLTo(NAIGPA4LIGPA)) GO TO 547
ICOMEM2=532 3 IS TuS INTZR NAL ADDRESS OF COMEM2 ELEMENTS
THE FOLLIWING 5 STATMINTS LOCATE THE RECORD FOR TH=S:
ELEMENTS I THZ E"TA TagLc
CALL GOPIN(ZCTA,7rapurF1), )
ICNMZiMe=22. 3

NECTA=NMB3FI+L33DA

IF (IZ(N=CT3)430,1C04T42) 60 TO 2
CALL READ(?:TA,ZGN?:TA)’111,H)
GO 70 1

TRAIL(3)=SIL

CALL FDTL(TRATL)
NDOF=TEAIL(2)

NGP=NDCF/¢€

BUF2=BUFL =TI 2UF

BUF3=8UF2=T21F

NCORZI=RU~ 2~1

LECTA=T

NNC=NECTA+LECTY

LNO=2%n0

NTEX=NND#LND

LTEX=NGP

NTEY=NTEX+LTEX

LTEY=NGP

NSASZL=LTEY+NTZY

LSASZL=N)
NTTTTT=NSASEL+LSASEL
LTITTTT=NICF

NVGLS=MTTTTTH TTTTT
LVGLS=NDIF

NVGMS=hNVSLSHLYALS
LVGMS=NDIF~NGP
ICORENSNVG1S4LVGMS
IF(NJCOFE.LToICORFN) GO TO SyL
FLAG==1".6 4

DO 9 J=1,N3IF

ZANTEX+J=1) =FLAG
ZANTEY+J=1)=FLAG

CONTINUE

00 12 J={,LVGMS
Z(NVGMS+)=1)=",3

CONTINUE

DO 7 J=1,LV5LS

Z(HVGLS +3=-1) =0,

CONTINUE

CALL GOPZN(SASEL97(3UF2),1)
CALL GOPEN(TTTTT Z(2UF3), 1)
TYPIN=1

TYPOUT=1

IRON=1
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MCRA(1)=SASEL
MCBA(2)="
MCRA(3)=LSASFL
MCPRA(L)=3
MCRA(E) =1
MCRA(E) =,
MCRA(7)=.
MCRR(1)=TITTT
MCBRE(2)="
MCRR(Z)=LTITTT
MCRER(L) =2
MCRP(L) =t
MC83(6) =
MCPo8(7) ="

LOOP 3 CALCULATIR THI FIL LOWING DATA 2LOCKS SAsS:ZL,

TTTYT,VG. Sy ¥D VAR“S

BO 3 I=1,1D

CALL READ(IZTA,7('CCTA),~ 41,M)
IF(I7(LECSTA)Y «fVeI7(NTISEL4TI=2)) GC TO 5
GO TD &

I161=17(NZCTA +2)

IG2=I7(N-TA42)

IGI=TZ(NZCTA #4)

IGL4=I7(NZCTA ¢3)

IGPi=r

IGPZ2=¢r

IGP3=t

IGPLU=L

DO & J=31,L5PLA

K=NGPLA+J=-1

IF(IG1eENI7 (X)) TGPL=NGPLA®CJ=1)"
IF(IG24EYe17(K)) ~6GP2=NGPLA+(JI-1)*4
IF(I536EIelI”(C)) "5PI=NGPLAM(J=1)ML
IF(IGLGEDI7 (X)) TGRY=NGOCLA+(J=1) %0
CONTINUE
IF(IGPE.EN.T) ) 10 5
IF(IGPZ.ED.T) 50 Y0 &
IF(IGPILEN.®) Y TO S
IF(IGPLGEN,2) 59 Y0 5
ZENVSLS#3%IG1=-3) =4,
ZANGVLS+5%I52=3)=2,2
ZINVSLS45%153=3)=",1
ZINVGLS#5%IG4=3)=4,1
ZCNVOMS+3%T51=3+1T1G1-1)*NPOF) =1,¢(
ZANVGMS#39IG2=T+(I1G2=-1)*NTNF) =1,0
ZANVGMS 43231523+ (IGI-1)ENDOAF) =140
ZINVOMS 433 I504=34+ (1G4=1)*NTOF) =1,
X1=7(NBGPA+IG°1+1)
Y1=7(NGPA#I5P1+2)
X2=2(NGPA4IGP2+1)
Y2=72(NGPA+IGP24s2)
X3=Z(NGPLA+IGPI+1)

o
A9
33
Wb/
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Y 322 (NGPL413P7+2)
XG=7 (NGFA425P441)
Xa=Z(HGPAKIGPL+2)

A= E* ((X3=X1)¥(Y4-Y2) +(YZ=Y1)® (X4=X2))
NROW=MD
D0 & J=1,19
3 T(NSASEL+J=1)= 4"
7(NSASEL+T=1)=1
CALL FhC<IT(NSISTL) oSASSL 4MCRA)
NROW=LTTTTT
D0 11 J=1,LTTTT

11 7ANTITTT4d~1)=1,"
ZANTTTTT4E 161 ~3) =, 2%
ZANTTTTTHE [G2=3)=, 2"
ZANTTTITHE163=30-,27
ZANTTTTTe€ T Gu=32=, 27
CALL PACK(TUNTITTT) 4TTTTT yMCP8)
ZUNND 422 T=1) = (X1 $X2 4X 34X ) /s
ZANND 42T ) =(Y1+Y P4V Y)Y /4,
Z(NTEX=1¢131)=X1
ZUINTEX=1¢152)=%X2
ZANTEX~1¢167) =X
TANTZY=141%0)=Y4
ZANTEY=141532)=v1
FINTEY~1+162)=Y2
ZINTEY~14153)=¥3
ZANTEY~14154)=70

3 CONTINUE
CALL CLOSELZCTA,1)
CALL CLOSE(SASEL 41}
CALL CLOSE(TTTTT,41)
CALL WFTITFL(M73A)
CALL WRTTPL(M737)
MCBA(1)=VGLS
MCBA(2) ="
MCBA(3)=LVGLS
MCBA (&) =2
MCBA (S )=t
MCBA (F) =)
MCBA(7) =t
MCBB(1)=VGYS
MCEB(2) ="
MCBB(3)=NCI7

: MCBS (L) =2

t MCBR(5) =t

MCBB(E) =)

MCBB(T7)=C

NROW=LVGL S

CALL GCPEN(VGLS, ?(3UFL),1)

CALL PACK(YEMV3SLS),VGLS,MCRA)

CALL CLOSE(VGLS,*

CALL GOPEN(VGMS, 7(3UF2) 41
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12

13

D0 12 J=1,i5P

CALL PACCUTINYIS+ (. ~LY*NTIF) 4VGMS4MC2)
CONTTINUE

Call CLO3IE(VGMS, 1

CALL WFTTFL({MC34)

CALL HFTITFL(MTYT)

CALL GCP MIVTM,Z(RYIF1)Y,1)
CALL GCPIN(VUTRe7(RIIFL) ,1)
NTEXYS=REAST,

NTEYI=RTZX#NG?

LTEXR=AG?

LTEYRI=NGR

NC=1

LOGP 13 ZELCULATES THZ YTv AND VIR MATRICIES
DO 13 J=i,N3P
IF(7(NTIEX#3=1) S . FTLAG) C TO 13
ZINTEXRANC=-1P=7(MNTZX+)3=1)
ZANTZYE $NC=1)=27(NTEY+]=-1)
NC=NT ¢1

CONTINUE

NROW=N(

MCBA(1)=vTH

MCRA(2)=.

MCR2(3)=NROH

MCPB(L)=2

YCRA(E )=t

MCBA(E) =

MCRA(T )=,

MCRR(1)=VTR

MCBS(2)=.

MCBR(3)=NPIR

MCRB(L)=2

MCBRA(E ) =1

MCBB(B) =3

MCBB(7)=:

CALL PACK (T (MTIXRY JUTM,MC BA)
CALL PACK(T(NTYZYR" ,¥T2,MC ©3)
CALL CLOSE(VTMYe1)

CALL CLOSE(VTR, 1)

CALL WKRTTRL(MC3A)

CALL WETTRL(MC33)
MIL=1C(Cue?

L=1

NCB EQUALS THE N''MIEQ 0oF CHOROWISE SOXES
NS8 ZOUALS THE N'INOER JF SOANWISE BOXES
NCB=7 (NASPT+S)

NSB=Z (NAZFT+2)

00 1% J=1,4S8B

DO 14 I=1,N38

TA1=MIL+L

TA2=MIL ¢, ¢4

TA3=MIL+L#N38
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14

TALESTL 4L #NS Bt

IapP1=?

I1AP2=¢

IAP3=

TAPL=T

0C 15 KK=4,L62LA

{=NGPLA#C(K~-1

IF(IL1.EY.17(¥)) TASL=NG FLA+ (KK=1) *o

IF(IA2,EN617 (YY) TAC2=NG FLL ¢ (KK=1)+.,

IF(TA3ENe1? (¥)) TL~T=NRPLA+(KK=1) %,

TF(1 v e®)a 17 (X)) TAG=NGFLA+ (KK=1) %Y

CONTINUE

IF(ILPL,EN.T) GI TO

I1F(IaP2,E0.,)) 50 TO

IF(IAPIEC.?) 52 TN

IF(IAFL ,57,2) 33 0

X1=Z(NGP_A+T 201+ 1)

X2=7(NGFLA+I A2+ 1)

X3=7(NGPLA+IAPI+1"

X4=s7(NCP_A+T AP+ 1)

Y1=Z(NGP_A+TAP L+

Y27 (NGPLA#T 22247

Y3I=7(NGPLA+TLD3+D®

Y4=Z (NGP_A+I AP+ 7)

NNI=NTEX

THESE ARZ THE SONPNINATES OF AZFG POINTS AT THE

ONE NUARTE?> CHJI?N OQ0INT OF THE FEOX

ZAINNI42% L =1) = (XL 4X33(X 24X B=X2=X1)/ihg) /20

Z(NNI+24L)=(Y14Y22Y34Y4L)/ 4,

L=L+1

CONTINUE

MCBA(1)=5TAK

MCBA(2)="

MCRA(3)=NT

MCBA(L) =2

MCBA(E) =t

MCBA(E) =,

MCOA(T) =2

NGTAK=NNI ¢4

KT=0

KX=y

Ky=0

K D=

D?s=t

NSCRZ(INI#3)%824 78 (NT4+3) +NI*ND+FI®(NTI+3))

THIS CHESKXS OPSN "OPE TO SEE IF ENOQUGH IS AVAILARLE

IF(NSORELT INSHRsMNGTAK)) GO TO Eir

CALL SSPLININI,7(INI)yNDy P(NND) KX, KY KD yKT,0Zy2 (NGTAX) yNSCR,
ISING)

SUF1=LCORE-INRUT+1

BUYF2=zBUFL-I%UF

NCORE=zRUF 2-1

-,

WM e N
b ot aw D
Lo W s e
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IFINCCREW LTS INSTAKHNI®* D)) GO TO &9
CALL GCPIN(SGTAK,™M(3UF1),1)
NROW=ND
DO 43 J=1,%)
CALL PACK(7(NATAK*(J=1)%NE),GTAK,MCBA)
16 CONTINUE
CALL CLOSE(GTAK, )
CALL WERTTFLEV"2Y)
CALL GUPTM(VTUA,7(2)71),1)
CALL GCPIN(VT24,7(3UF2),1)
NTEX=NGTAK
LTIEX=2% N
NTEY=NTEX LT EX
c LOOP 47 CARALCULATZT THT VTNA BAND VIRA MATRICIES
DO 17 1=1,~T
PANTEX+I=1)=27(NNT+2%1-1)
ZINTEY4I=1)=7(NNT22%])
47 CONTINUE
MCBA(1)=vT <A
MCBA(2) =
MCRA(3)=NFONW
MCRA(L) =2
MCBA(L ) =1
MCRA(E ) ="
MCRA(T? ) =,
MCRB(1)=vTNA 4
ycen(2) =, )
MCRBB(3)=NRON
MCas(§) =¢
MCB5(E) =1
MCBB(E) =i
MCRB(7) =
CALL PACK(T(NYZX),VTMA,MC"A)
CALL PACK(7INTZY),VTRA,MC*%3)
CALL CLOSE(VTMY, 1)
CALL CLOSE(VTRA, )
CALL WKTTRL(MCBA)
CALL UWRTIFPLIMC33)
NAIDMIT={
00 18 I=g,NI
ZANAIONMIT4I-1)=1.0
18 CONTINUE
CALL GOPEN(AIDMIT, 7 (RUF1) 41)
MCBA(1)=AIDMIT
MCBA(2)=)
MCBA(3)=N]
MCBA(L) =2
MCRA(S) =1
MCBA(E) =1
MCBA(7) =}
NROW=NI
CALL PACK(7(NAIDMIT),AINDUIT,MCBA)
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CALL CLOSE (RINMTT, 1)
CALL WRTITFL(MMr24)
CALL GOPEF(SAS,7(BUF1),1)
TYPOUT=3
NSAS=1
’ NFQW=2* M]
' NTL=NTY NI COW
N0 1% 1=141TL
7(NSAS)Y=: @
19 COMNTINUSE
L=1
DO 2 I=tyNT
ZANSLS+L+TI=-2)=1,0
ZANSAS+L+]1-1)=1,0
2% CONTINUE
MCBa(1)=5p"2
MCRA(2)=:
MCRRA(3)=NROW
MCRE (L) =2
MCBA (L) =3
MCRA(6) =
MCRA(T7)=.
L=1
DO 21 I=t,NT
CAaLL PAC((’(NSQS*['I),SAS,MCSA)
L=L+NROM
21 CONTINUE
CALL CLOSE(SAR,1)
CALL WRTrRL(MC3A)
RETURN
S00 N=-8
FILE=C
CALL MESAGI(N,FILE, NAYM)
END
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