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Ab, Lrac,

This thesis describes the use of the NASTRAN program

(Levl 17.0) in the cztlculaLion of flexible 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 transferring

the aerodynamic forces into a structural load vector are

presented.

A Direct Matrix Abstraction Program was developed 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 ATR1oOADS FOR A FLEXTBLE
WING VIA NASTRAN

I Introduction

The calculation of flexible aircraft airloads and struc-

tural stresses requires the interfacing of both structural

and aerodynamic theories. The NASTRAN structural analysis

program includes both of these types of theories. Toe

purpose of this study was to demonstrate the feasibility of

using this program for these calculations.

The 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 to ualculate flexible aircraft airloads and struc-

tural stresses. This new DMAP ! !quence is limited to a

structural model consistinq of only a winq. The correspond-

ing aerodynamic model i. 7.imited to a single aerodynamic

panel to model the lifting surface. This new sequence
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extends the capability of the NASTRAN program by creating

the ability to apply the intrrnally generated steady air-

loads to the structural model. 'ho potential to do this

has existed since the inclusion of aerodynamic theories in

the NASTRAN program.

The calculation of flexible wing airloads by this DMAP

sequence is an iterative process. The initial airloads are

t-alculaLed based upon a rigid wing shape at an angle-of-

Attack. These airloads are applLed to the strucLurail model

and the deflections calculated. The deflected structure

causes the airloads to change, which will in turn chdnge

the deflection of the structure. This cyclic process is

continued until the increme 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 for this new DMAP se4u:nce are the

Structures Branch of the Fliqht Dynamics Lab (.kFFDL/FB) and

San Antonio Air Logistic Center (SAALC). The SALC has had

a NASTRAN structural model of half of a T-37 aircraft since

2



!976. This model was inerded :o 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.

3



II Background

A current computer program for calculating the loads

on a flexible aircraft 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

Thoory, SI-oady and/or IUnstoidy Modifiod Newt-onian Theory,

and finally Subsoniic and Supersonic Kernal Function Theory.

The structures are modeled in this proqram as slender beams

or as built-up plates. As a result, Flexloads cannot use

all the different elementF 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

airloads. However, another program would have to be devel-

oped to introduce structural deformation effects into the

calculation of airloads before this process could be em-

ployed.

4



II] Interl aci ig Problems

The problems of interfacing an aerodynamic wing model

with iLs corresponding strucLural 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 is required for the application of airloads to a

: IIi'IIIII.i 1 I1nod l . otd For t il, 1i ioduci on ofr !I rinjcutrl

deformation into the calculation of airloads. In the fol-

lowing these problems are discussed in general 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 translation 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 this calculiLticn does not exist in areas for



the aerodynamic model lying outside the wing Lox. A simple

solution to this difference i.n planform sizes [s 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 aerodynamic

(~.l ; . W.i v () b I .ritv;l-o'ie ifllo i a t).)(J a vi'i 'l r F()) IIhe sI ru-

ural mode±. TPe doublet-lattice method used in NASTRAN gen-

(rates .1 delta pressure coefficient AC which is the differenceP

between the pressure on the upper and lower surfaces at the

aerodynamic points for cach b'x. For simplicity the new DMAP

sequence applies the load to the upper surface of the struc-

Lural model. Assumptions on the AC distribution are requiredP

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 6C value at the structural ele-
p

ment centroid is found by a surface spline interpolation and

then assumed constant over the element. Because AC is con-
P

stant, multiplication by the dynamic pressure and the element

area will yield the total load. For basically parallelogram

shaped elements, one quarter 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, resultinq in a global
I.



expression for the load vector.

in f-he second transf')rmatLon method more variation in

AC 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.

At;

p

Figure 1. Division of the Upper Surface Quadralateral
Membrane Elements into Triangular Elements.

The bilinear pressure over each of the triangular subelements

is assumed to JD_

P (X, Y) = q Li ACpi

where q is the dynamic pressure, Li are the shape functions

7



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

of nodal values of ACp. The equivalent nodal forces are

,alcul~itied as usual by:

Fi = A PLidA = A qL. Cpi Lid A

When integrated this becomes

F1  2 11 Cl

= 1 2 1 CS12 P2

F 3  1 1 2 j C P3 p3

These subelemient expressions are now assembled into a global

expression for the load vector.

The doublet-lattice method calculates the aerodynamic

forces nomal to the panel. Whn the wing is at an angle-

of-attack the orientation of the lift vector and the normal

force vector will differ by this angle. The new DMAP sequence

uses the normal force instead of lift in calculating the co-

efficients of lift, pitching moment and rolling moment. The

resulting errors in these coefficients will be minimal, if

small angles-of-attacks are used.



TV Procodures

An intermediate complexity wing structural model was

obLdilled from AFFDL/FB to demonstrate the new DMAP sequence.

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-

qonro ,id providod an ilte-t-nal iv- solut-ion. Thro 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 nev sequence

is explained relative to functions it perform';, new data

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

Interfaced NASTRAN-USSAERO Sequence

The static 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.t-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 U1lowahl- winq thickness. USSAERO qenerates

(J



values for pressure coefficient Cp at the ccnte- )f each

aerodynamic box for both the upper and lower surfa'es. A

further explanation of USSAENO 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 ipplication is avoided.

Illis' totl iL ei'J.ieliltaL Loald nlow i t[,lie:; ILu thel ,ei' dylliii "

force produced hy the corresponding box.

Ill( boundary ('ondiLtions r(,r Lheo, i c in ys L, were

chosen to take out the rigid anqle-of-attack displacements,

leaving only total deformation in the looping process. To

accomplis'i this, all degrees-of-freedom for the wing root

grid points were fixed. ['or each loop pass, the new 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 6Cp to pressure loads.

To do this the delta coefficient of pressure for eac box

is found and then multiplied by the dynamic pres sure q.

These pressure loads are used to create PLOAD2 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 fot the aerdynanic model. T11 StrUctu-al

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.

IN IT I Al, ANGLIE USSAI,1hO BOX CONVIHPS ION PIOAD2
OF ATTACK C ' s PROCRAM CARDS

CAMBER CONVERSION VERTICAL NASTR I

SPEC IFICA- PROGRAM D I SPLC~
TION 2 MENTS

Figure 2. INTERFACED NASTR \N-USSAERO Sequ(.nc

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 riqht 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 formaked field sizes. Finally,

the process requires sequential jobs to be run with each

pass, requiring excessive amounts of user time.

The DMAP Sequence

The ;iew DMAP sequence calculates the airloads and
i]i



structural stresses for a flexible winq model "'he airloids

used in this sequence are calculated by the doublet-lattice

met hod in NASTRAN. By usinq i reduced frequency of ipproxi-

mately zero, this unsteady method reduces to a steady vortex-

lattice method. Values of AC are produced for the centerP

of the quarter-chord for each box. A further explanation

of this aerodynamic method is found in References 2, 3 and

6.

'lTe niew DMAP sequence is explained by major CIunctions

in the followincl section. The total capability has previous-

ly existed for NASTRIAN to calculaLe the flexible wing airloads,

except for the ability to transform the steady airloads into

a structural load vector. 'to test the new DMAP sequence,

the data blocks necessary to bLild 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 designed 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 it presently exists. The plan-

forms for the aerodynamic and structural models are required

to be the same. This is necessary, as discussed in Section

TII, so that the airloads can be applied to corrrspondinq

structural elements without consideration of special cases.

12



Next the aerodynamic model is restricted to one doublet-

lattice panel to simplify ':ookkaeping. Finally, in inaly-

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 major

Iuit L I i ; 1- pt l' l() ;. T'i k o omp L i e I i, ;Li Ii (J i l DMAL'

sequence is contained in Appendix A. The sequence consists

largely of a combination of rigid formats used for static

Dnalysis and flutter analysis. The sequence ac-cotqodates

any of the structural element types available for use with

the static analysis rigid format, but does not allow the

use of the down wash factors due to extra points tvailable

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 stiffness and mass matrices

for the system.

The constraints for subcase one are now applied to these

global matrices. These constraints are constructed so as

13



to leave only a rigid body pitch mode. The co.ntrained ma-

trices are then partitioned down to the analysis Set speci-

fied by the ASET card.

A real eigenvalue analysis is performed on the analysis

set to calculate the displacements due to this riqid pitch

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

the eigenvalue analysis, therefore a lumped mass mtirix is

sufficiontly accurate. This riqid pitch mode slh apo is now

mull ipl it'd by ai i.lipu prai', t 'Li A)AI' ku .p ui Iy diL;pPa,'e,-

ments For on initial angle-of-attack. 'Phis procedure, was

nocess. _ry because the, NASTRAN proq rami does not [ hive ilhe

capability to set the model at an initial angle-of-attack.

The camber is now added to the displacements due to angle-

of-attack.

The next function is the formation of the transforma-

tion matrix GTKA which transforms the displacements to values

of slope at the aerodynamic points. These slopes ire used

to specify the strengths for the steady down wash vector

DIJK. 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 differential across

fhe wing.

The next functions of the sequence are tho.se the new

14



modult, will perflori Wheni ifi'ot'porat'Ld inLo NA:S_'TiAN. The

Lransformation mot.rix TSI'A i s , ] cuat to t r,ilnsform the

vector o- AC values to a.i uncnstrained global load vectorp

PG. This load vector will only contain non-zero forces for

the Z-direction deqree-of-freedom 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.

'1'1 h N )IIIC1, vt ly 4'()l1(i i I )i :; ,1re4, II()w 'I,i I( p'd I() Ih(i ;( I

ified by subcase two, which constrains all the deqree.s-of-

freedom for the winq root qrid points. The matrix data

blocks necessary for a static deflection calculation are

setup, with this boundary condition. The displi.-ements

calculated will be from the midplane of the winq pitched

at an ingle-of-attack. These matrices are part itioned down

to the same analysis set used to calculate the airloads.

By doing this, the transformation matrices 'IS'A 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 iterative process. This loop calrulates

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

15



r

Lo an incremental load vector. The iteraLive [rc-e ,s is

continued until the norm of the incremental di,-pliceiment

vector is less than a prescribed input parameter (LI,OOP).

The incremental displacements, 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.

I1' * I i x l p' 1 I ( )- 1 IW - , ' ,( ' ( '()v/ ,' -: ICC' Ch ('(Clii) ,I

solution for the analysis set and the omitted deqrees-of-

freeodo.i' rom tno ComplOtO sol ution, the strosses are now

calculated for any elements specified in subcase two of the

case control deck.

The cofficients of lift: .pitching moment and rolling

momenL due to both the final aii-loads and the final load

vector are calculated next. These coefficients are used as

a check on errors induced when the airloads are transformed

to a load vector. The final section of the sequence contains

error messages called when a specific error is found duriag

the execution of the sequence.

New Data Blocks and Parameters. The data blocks re-

quired by the new DMAP sequence weLe created and input direct-

ly with the bulk data deck. All of the input matrices except

the camber vector will be created by the new module when it

is incorporated into NASTRAN. Some extra steps were required

16



in the sequence to process Lhese iiipuL mtLrices dd will be

removed when the module is added.

The lew parameters thAL ar needed for this sequence

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

voetor PC.

l ; Io'ld v,-lor r,.iii b r, l ed by ono oF Ilh, Iwo

methods discussed in Section III. The first method gener-

ates the transformation matrix by

[TSTA] = q [TTTTT] [SASEL] [GTAKT]
T

for use in

JPGJ = fTSTA] JQKKK}

which PC is the unconstrained load vector and QKKK is the

vector of AC values at the aerodynamic points. The trans-p

formaLion matrix GTAK for this method interpolates the QKKK

matrix to a vector of AC values at the structural element
P

centroids.

The second method generates the transformation matrix

TSTA in a slight different way. The matrix is now

[TSTA] = q [TTSAS] [GTAKT]
T

where the tultrib ',"I'SAS is the assembled global interpolation

matrix for a consistent load vector for trianguldr elements

and the matrix GTAKT interpolates the same QKKK matrix used

17



Table T. List of Now ParameLers.

NAME' DESCLRIP/TIONS OF, PRAML'ETELS

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 lengLh, used in calcu-
lation of aerodynamic coefficients;
Real

WAREA Planform area of the structural model;
Real

Flag for camber vector, only input ifcamber to be specified; Integer>0

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 00

18



Table II. List Df New Matrices

NAME DESCRIP'.'IONS OF MATRICES

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

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

IT'PTT11 'Prnansform,--ion mi irix t-o dist-ribut-o 1/,i oF tho
load oii Lhe llumbrains Lo Lleir iiUdUs; ,iei,
general

'1"1SAS Assembled global itiLurpolaLion maLrix for con-
sistent load vector, triangular elements, re-
places SASEL and TTTTT tor linear pressure
distribution; real, general

CAMBER Contains camber surface displacements for 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

AIDMIT 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 multiplied by PG it creates a vecLor
of the non-zero loads; real, general

VTMA Contains the moment arms for the aerodynamic
pitchini 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
rollinq 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 aibout the
X-axis; real, vector

20



in the first method to a vec-or of nodal LC values. The

equation for the unconstrained consistent load vector is

JPG [TSTA JQKLK

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

method.

Formation of the interpolation matrix GTAKT is the

same Cor both methods. The NASTRAN subroutines source

decks used in the surface spline interpolation were used

Lo build Lhis maLrix in a L(nipolidry ( XLorIal proqrai. B3y

using the same subroutines the transposed interpolation

maLrix will be the same a: [ohe one generated by the module

when incorporated. Since the number of significant figures

is limited to the size of the data fields used fo' input,

the large field bulk data cards should be used.

The camber vector listed on Table ii is used to 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,

if the wing is twisted this is added into the camber vector

in a similar manner.

21



Module Description. The new module when incorporated

into the NASTRAN program will be designated by Ll'e name GFAS.

This module was not incorporated into the NASTRAN proqram

because the link-editor routine for the program was not func-

tional. This module will build 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-

laLion of the initial ACp values. The exact posL Lon of

L.lis nuw module and the sLep::i iL will replace iii thLe sequence

are shown in Appendix A. The fortran source program for this

module is contained in Appendix C. This source program has

not been tested wivh NASTRAN, but it should function correct-

ly when incorporated.

The following restrictions are required when using this

module. cIince only the uper sirfaces is loaded, the struc-

tural model is restricted to CQMEM2 membrane elements on that

surface. Also, the aerodynamic model is restricted to one

doublet-lattice panel which must lay in the X-Y plane.

The DMAP calling sequence for this module will be

GIAS ACPT,TOSELECTA,GPLA,DGPA/SAS,
GTAK,TTTTTSASEL,VGLS,VGMS,VTMA,
VTRA,VTM,VTR,AIDMIT/$

The five data blocks before the first slash mark are the

required input tables for this module. These input tables

are listed in Table III with a short descriptLon. The e-

leven output data blocks listed between the slasi rarks are
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the same matrices described in Table II.

Table III. Input Tables for the Module

NAML DESCIUPTION

ACPf 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.

P(TA Element connection table for both struc-

GPIA Grid point numbers listed in order of
appearance in the BGPA table.

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

The TOSEL table is specifically required by 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 poirts located at the center of the quarter chord

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

23



module also builds the data blocks necessary f'r the calcu-

lation of the aerodynamic coefficients. All o)f Lhese data

blocks are built with the oriqin as the reference point for

calculating the coefficients.
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V ResulLs

The new DMAP sequence wis successful in calculating the

lirloids and stresses for i fleoible 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 transformation. These are compared

with the solution obtained by the NASTRAN-USSAIERNO sequence.

Comparisons of rigid wing AC distribution, errors causedp

by the assumption used for load transformation, winq tip

deflections, and the convergence of the iterative processes

are presented. A summary of the cases compared are contain-

ed in Table IV.

The doublet-lattice panel is an unsteady thiai airfoil

aerodynamic model, that for zero frequency ,e(iuc.s 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 AC values cal-P

culated for a rigid wing are shown in Figure 3. The steady

part calculates lower values of AC near the leading edge
P

and slightly higher near the trailing edge. The AC dis-
P

tribution for the steady part is close to that for USSAERO

and is thus acceptable for use.

The chnrdwi-e AC distributions assumed for load trans-
p

formation are compared with the aerodynamic distribution on

2 5
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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 fiqure. The linear

distribution assumed for the fourth case performs signifi-

cantly better in this respect. Similar changes in the span-

wise AC distributions are noted in Fiqure 9. The linear dis-p

tribution for the spanwise direction transferred hiqher loads

Lo the coarsely meshed Lip reqion due to extrapolaLion.

This reaistcibuLion of pressure over the witiq cau'es

errors in the transformed coefficients of lift, pitching

moment and rolling moment. 'To 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 Lnduced

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 spaiiwise bending is differ-

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 seei that, for

this model, the elasticity effects are related to twist and

camber chanqes.
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Table \ . Comparison of Aero-lynamic Coefficient

OEI.FICIENTS* CASE** CASE CASE CASE
1 2 3 41

COEFFICIENTS CL .13764 .131823 .13246 .13625
DUE TO

ILEXIBLE C -. 10995. 10337 -. 1027 -. 10596
AIRLOADS M T

CR .136603 .13508 .13932

N.0]!. 1 . I 1ll/.
DUE TO

TRANSFORMEDS CM .O9636 -.0945" -. 11191

CR .11845 .114619 .14161

_ -- I-
PERCENTAGE*** ERROR IN T
ERROR IN C 1-15.74 -16.94! + 5.54

COEFFTCTENTS L
DUE TO
LOADERROR IN

CM - 7.28 - 8.60i + 5.32rRANSFORMATION

ERROR IN
CR -15.07 -17.58 + 1.62

,kAll the moments are calculated about the origin.

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

***For cases 2, 3 and 4 the percentiqe error in the co-
efficients was calculated as follows

ERROR = TRANSFOMED - AERODYNAMIC 1
TRANSFORMED x 100%

3%1



---- oCase 1
A--- ACase 2
~-~C a se 3
o-C Cas e 4

Y/C= 2 5

4J '4-4

tG)4.60

U U
H 4-

En 4.2

4.

>H

3.8

3.6
0.0 0.2 0.4 0.6 0.8 1.0

Percent of Chord, X/C, Dimensionless

32



The sclution convergEnce Zor the four cases is illus-

trated in Table VI. The new DMAP sequence used the norm

of the incremental displacement vector as the convergence

check, while the change in lift 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 bilinear pressure

distribution of case three. Each loop pass in the iterative

t ) ,(d il I li1o i(w [)MAI :;,(Ju,(t2(- ( r('qui .l(!d ,ipp)ro ximrn L( ly

twenty seconds of central processor time and forty seconds

of input/output time for this particular model.
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Table VI. Convergence of the Four Cass.

LOOP CASE 1 CASE 2* CASE 3* CASE 4*CJ
CL  NORM** NO[RM** 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

6 .13802 .0004375 .000128 .000094

7 .13762 .000031

8 .13764

MAXIMUM -
CHANGE IN 7.81(10 - ) -3.184(106) -2.347(10 - )
z DISPLACEMENT1
FOR LAST PASSI

*ELOOP = 0.0002 for cases 2, 3 and 1.
*The norm shown f or 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 6C dis-P

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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APPENDIX A

List of the NE:W DMAP Sequence
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STATMENT SEJTNVE -- R A FL -Y".[LL' WING ?1O(JEL

LEVE- 2.1 4AS'-A'4 1AP CO?1PILIR - SOURCE L1ITIIIS

oprioNs IN -FF7cri 710 ERk2 NOLIST NOOECK NU REF NOOS.'AR'

I BEGIJ 9

2 2

2 1

2 GPI G:-M,-EO92,/PLEEYIJ,GPOT,CSTM-IGPOr,SLL/V,N,LUSETI V,N,
.40rpnr s

3 SAVE LJSFENOrP3T S

4 CONO F.mR0PiN0'GP9 I

5~ GP2 GE147, EXIN/CT

6 PAK:AML I

7 GP3 G04-,Er)EXt,,ECM2,GPTT/V,1,OfRAV z

8 TAi EOT,8EPT,DGIIT,SIL,C.PTT fC31I1/ZST ,Gil ,-EC-r,/V fI,LUSEI/ VNl
NIOSTMP/C,PJ,1/V,K,I40GENL/V,14,GE NEL

9j SAVE Nf)-,FNL,N0SI"F,GZNEL

in CONG FRROIpi,NOsIMP $

12 PARAM //C,IJ,AOO/V,N,NOMGG /C~tU,!/CN,j S

CPO()PLT/C,Y,CPTPP-L7/C,YCPTR93SC

L4. SAVE 43Kr!YtOmi'.

L5 C OID J?;KGX,NUKrrX I

16 EMA GPT-CT,K(OI T,K -Lh/KC-,,,GPST

17 LABEL J14PK6CIX S
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STAThtNT SEQJEN,: V0R A FLEIOILE WING IIOUEL

LEVE. 2.6 ,4AsrRAN O9AP COMPILEk - SOUJRCE LbITrIG

18 COND E'ORi,NOHGG 3

19 EHA rGpEcT,moirr,MELM/HGG,/C,N4,-I/C,Y,WrI1Ai3=1.0 j

20 CONO LGOWG,GRDPNT* 3

21 GPWG R:P01, CSTH,LQEXIN,IIGG/O(PWr./V,YGRPr=-I/CY,Wr9.IS2 . 1

22 OFP OG-'Wr,,,,,//V,N,CARDN0 S

23 1.ADE1: L.PWf, S

24, F OUIVl KGrX,KGG/NOFL S

25 CONO L9Lti,NOGENL

26 SHA3 GEIl,/'(GrY/V,NLUSET/VibpNUGtENL/C,Nl-i i

27 400 9^GX,KGGY/KG,

20 LA BEL LIL1i S

29 PARAM // r 14pWYIV ,H, NS KI P/C,N ,O0/C ,N,J U

30 PAFAH //0,N, SIJO/V, N, 0E-SIN T /C f N a/c I ,±

31 PUFGEE P988BBOiJEpO2JL/OESINT $

32 PAPAH //C ,N,MPY/IV,1, NOCA t8E R/C ,N, I/C YICA 4@=- L S

33 PURiGE CA1M8ER/NVCAMRER T

34 PARAI //,NA,AO/V,N,TRA14SIC,N,l/C,N,O 'S

35 JUMP SETUP $

36 LABEL SETUP I

37 COIKD LI3LW RAfNS S

38

38 1

38 $T-41F SECTIJ COMMON TO RIGI'1 FGRMAT>' 11

38

38 Gplf CA3ECC,& Ot1,FYVI,GPDjTWrPT,CT/,,U.rFASU.TV, N,I.UET/

V,K'CF/V,tiotrCF/V,J,3:JGLf/V,KaixTv , ,RACI/V~p,,lSKIP/,
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STATHENT 3FfJENIE r*OR & FLFXIBLE Wl.NG MODEL

LEVE. 2.1 4 ASTRAN OIA P COMPILER - SOURCL L137ING

P,REP'EAT/V,N ,tEOSET/V,N, NOL/ V,N,1NOA/CY, suOiI

39 SAVE MPCF , MPCF2, SINGLE OMIT, REACT, USKIP, REPEAT NOSE r , O,JOA S

40O GPSP [-PL,GPST,USET,SIL/UGPSiT/V,N,1OGPST i

4.1 SAVE NOGPPST Ij

It 2 CONO L'3L4,NOGPST S

43 OFP O&PST,,,,,//V,CAFIO sL

44 LAE.. 1814 S

4~5 EflUII KGrKNN/'tPZ;Fi/MIGMNlN/HPCFI 3

4.6 CONO LIL2,MiPCFJ $

'.7 MCEi U5r-TRG/rfl S

48 ?PCE2 USET,M,KG,1G,,/KliiN,?1,, $

4 9 LADE.. L3L2 'S

5J EfOUIV KNIO,KFF/SINGLE/MJtJ,MFF/SI, 4 GLE

31 CONO L33SINGLE

52 SCE1. US:-T.'NN,M9NN,,/KFF,K(FS,,MFF,, Z

53 LAHL 133 S

591 Er2uiI KFF,KAA/O'iIT/ HFFI4AA/OMIT

55 PUk.G:- G)/OuIT .3

56 COIYO L3LSOMIT 3

57 PARAM //'C,',PY'C/VNpPREC

581 VEC USET/V/S%,F/C,N,O/C,H,A 1

59 PAkT4 '(FF,V,/"O)O,,V3A,KAAB 1

SL DECOIP KO/OUOCN I/ ,/JNM(1/,1DE441D V1,SN

61 SAVL lNtDvDET,J4UET,SING Z~

62 FOS LOO pU00,90A/ GO/C OticN-1 N,PRE/V,14dPRC $
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STATHWNT SeqEN3-- FOR A FLrXIrLE WING MWaEL

LFVE. 2.& Vt RA !9I' COt4PILER - SOURCE LISTING;

63 '1PYAZ) K3!A,60,KAA6/NAA/C,N4,i/C ,N,I/C,N,±/JN, 'REC i

64. SP~P2 USET,rO,MFF/IIAA S

65 LABEL L9L5 S

66 "OND L3L6,PEA4CT S

67 k O fGL USET,KAf,tA/KLL,KL,R4,LLMLRZ,mRt s

59 ROliG3 LLL,KLR,(RR/O11 *

7 A RBPG4 D11,MLL,MLRMjPR/llR

71 LABEL LDL6 S

72 OPO DYNAMICS vGOL SI L LS1/GPLO, SILOlUSFTf,),7P)JL,,,EEO, QDY(4/V,
H, LUSEr/v , 4, LuISFTf/V, K, bmrL/V, N,WCOLIV,14, NOPSOL V ,NOFRL IV,

73SAE UETN)EOEDN OMt FT/V,'4,NCU--L/VlIIN4')kED/C,IJ,Z3/V,N,NJEI

74 COND FRROR2,'JOE[Eo

7s EQuIV 513,GPD/MOUE/614,GMD/NUUE i

NEIGV$

77 SAVE NEIGV S

78 DFP PiTGSPLAtiAvv,,//VlmCAR040O

79 COIKD ERROW.,NpEIG'V.

sc m1 rkr xti CASE4 9M. TPOOL,1EO'Yt:, , rFP00L/K2PP,f4,!PP, !3?1I'0 V N# L USETD/V, N,

NO'(2PP/V, N,t4OQt.fPP/VfNpNU32PP

82 c.PUIll I4ZPP,1120/NJA/8'2P,', ID9/,,Iu'/2PP,K2rJO/,ai k

Bit GKAM
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STATMENT 3Ef)JENE rOR A~ PLEXIBLE :4ING MODEL

LEVEL 2. IASTRAfl OD4AP CDMFILL;?- SOUOC LIBTIN

N,'4IF',,Y,L NOCES=O/C,YLFRtE)=O./C,Y,$IFREQ=O./I, N, NOM 2P P/ V, ,

N097?Pp/V,N,NOK2FPPV,N4,NONCU)P/V,N',FMOOEIC,f,KOAMP j.

85 SAVE NONCIIP,FMODE

86 ADO AA~,AIE/HD/,,OA= G00/pp--A(1.0 ,C.')) S

87 APO FrrEL3.,r,-POlnISTSM PDEAI0ETrP,SILA,
UST 3L-4-APAP L~TG~tA ,L 3/ WV, '~ V
N, L t'E TA IV, N noV I

38 SAVL N p N)p I US FTA p 90V $

89 PAIkAM 11C ,N, WY IV, N, PFI L /C,4 1u /CIJ,11 S

9c~ COho <';(O T , Jtl IPP LOT

91 PARAM //C,N,MQY/V,Nl,PLTFLG/C,N.,O/C,N4,i 3

92 PLTS'_T PC 0 , EAK, WR C P LTPRS 3 T 1,1 : ,N 4 /4
jU9prLOT S

93 SAVE HS Li IJUAPPL OT

94 PRTM3G PLTS"TA // $

95 CONO SKPPI.TJUMPPLOT$

36 PLOT PLT PARA, -SU.TRA, LLSLTSA ,CAS ECC , D 0 A , EARO , ,,,PfT:/~j

NSILlIVl3,LLJSETA/V,14, JU~'PrLOT/V ,14, DLTFL -/,N ,PF[ LE

97 SAVE PFILF,JtJMPPLCT,PLTFLG $

98 PpTM.;G PLOIX2 1

99 LAC3E. SK(0PLT

130 COND ERRO2NOEE0 S

i01 GI SPLt,4,ust-r ,CSTMA,OGr-A,SlL I ,GM960/rrl( /V,t4,li/V,t,LI)SET 2

Lt 2 PARA'S //C,14,Anr./v,4DSY/t,/CN±

113 AMG A ERO, A pr /Aj JL, SKJ, D JK p 2J K/V,I.lK/v' ,,4Nh)/vp , V E S1PY/ E

L434 SAVE 0O:STRY i
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STATMLNT SEqJEN =. FOR A FLF'(IFLL WING MOUUEL

LEVE- 2.0 4.AS-RAI )'4AP COMPIL-f' - )U.CE LiIN

106 S

106 1

106 T N~E MiODULE WILL REPLACE TH:, FOLLU~MIKG sr'~rIENTS

i106 S

10(1 L TV;- 0IIAP L'lSTrPUCTLN Ifrik rT1L NLUIILL WtLL 3E

106 3S

£06 t G1 AS ACOT, TO3EL,EFCTA, GPLA , qGPA/SAS,STAK, VGLS VGMS, VTMA,VTRA,

tab s VTMVTR, AIDHIT/2

106 1.

136 EOUIV/ !:E%7,3AS/TWE() I

107 TrRNS3 GrAKT./GTA( S

108 s

108 i T-41S ENDS TfIE SECTION TO Oc REPLACED SY NHE MODULE

108 s

10 8 EOUIV O)LJxCppf/0ESINT I

109 400 SIS,CP0 M/TMA/,Y,LPHA 1.,0.)/C,Y,ftr=A:(-1.0,0.0) 4.

119 MIPYA) THASK J, / T r A C,N, /C,.4, I/,N,o0/C,N, I

M1 MPYAD T rTTV, SASEL ,/T1 SAS /0, t, 0/Gct 4 ,II/CA,/,, 4 j

1£2 MPYAD TTSAS,GT OW, / ST AP/C, N,0/P,'I, I/CNOI I

U13 tADD) T3 TA, 8q0'/7;l/C 9Y, ,Gr, Y , TA= 0.,41. C) 1
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STATiI[NT 3ErUENF rOR A Fl. cYISLE WII.G MOI)EL

LEVEL 2.7' 4AS"TPAN rNAP C11HPILEP - SOUPCE LISTING

116 'IPYA9 TTAA,VTMA,/TY'EMA/C,1N,O/C,N,1/C ,N,O/C,N,I

£17 PAPAM //r,14,A2()/V,N,XOHHL/C,;J,1/C,Nl,O

118 AMP 4 )JLSAS,fl Di X,O2JK,GTKA, PHI DH, DiJT, 02JE, JSEY O,4ERO/OHHLI, OKHLI ,
W4JLI/VI4,NO /VN,XiIIL/V,Y,GUSTAE10=~1I

119 SAVE Xhl"L $

121 M11Y AD Ti T AlQ(tI/p-i;,,/~JICN o,, I

122 PARAMP //C,N,M-Y/V,MI,RCAREA/V,Y,FRC/V,Y,WAREA

123 PARAMR //C,N,H4PY/V,N,OAREA/V,Y,WdAREA/V,,Q

12 t PAKA1R 11r,'t, MPY/IV, N,ORCAREA/V , N CAREAIV, Y ,Q 3

12 5 PAFKAM //C , N,MPY/IV, N,TRANS /C, N ,i/C ,N, -1 3

126 CONO L3LIG,TRANS I

1217 L A EL L3L48 S

128 ~~ ~ #.~$# ~~As4*

128 S

128 :6 T4tS SECTIO COMMON TO RIGID FORMATS 1

128 c~

1208 ~P4 C IS FCC , G 3H 4 , OFX ,rP - D 'T ~,,YS SEfkSE V; sF

N, REFEAT/ I,14SET/Vd, N, OL/V,N, NWIAC Y, S0113

129 SAVE "-C F, MPF2, SINLL o417 1,ACTNS r pRE L 00S = T I OLfNo A

13 CONO ERROPK9,NOL

131 PARAN /C,I,A/V, ,Ni,SIR/V,,;INrLE/V,N,REAcr i

132 PUI.:G7- :PvY.LR,,Ro~4/FACT/-'/MPCFI/rO,yoj),Lu;,PO,UUO,, o,;oV/01Ir,
KFS,KSSINr LIC/0G/NOSF. 1

1314 01-10 Ll3L14,-G3UL':L i

134 GPSP rPLGppsltLST,SIL/OJ3FST/V,1,NOGPST



STAMtEN] SETIEN-.c roR A FLCXILC WINGj MUO(LL

LEVEL 2.0 4JASrRAN 04AP COMPILER -SOURCE LISTINJG

135 SAVE MOGPST S

136 aONO Lfl14qINOGP3T S

137 OFP OGPST,,,,,// 3

138 LABEL LBLI' S

±39 E QUIV KGG,KNII/4tPCF1

14,( 9 ONO LOi5,MI'CF2 2

14± MCFi USET,RG/GM T

i'v 2 MCE? LSr-,-,,KGG%,,/KNI4,p,

143 LABELL LOLiS 5

14l.5 CONDi L-3L16,SNGLE 3

146 SCEI USCT ,K NN, ,, IkF F ,KF S, IS S,,

147 LABEL LGLi.6 3

±48 T-OUIVI (FFMAA/OIIT$

1to9 COND LlILi7,041T 1

15!1 SMPL USET,KEF.../GO,KAA,KOO,LOO,,,,,

151 LAEL L9Li7 $

152 EOUIV KAA,KLL/REACT

±53 GONO L9LI6,REACT S

154. RBHG1 WSET,KAA,/LL,KLR,KRR,,,

155 LAPEL LOLI S

156 R8MG2 9LL/LLL

157 CONO LBL±,,RF.cT 1

£58 RBMG3 LLLKLR,KRR/gWi S

159 LABEL LOLi9 S
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STATMLN1 3EfTJCN^, "Roi A FL r)IILE WIiVG '1u'EL

LEVEL 2.0j 4ISTRAN 04IAP COtPILER - SOURCE LISTING

160 REPT SETUP, I '

161 COPY PG/PrI/OESINT

162 PURGE ULVT..I(OOVI/I WiEQ

163 PURGE PS!,QRI/IWEQ T

154 $ ITERATIV7 LOOP FOR FLEXIf3LZ WINb CALCULATIONS

15k $

164 .JU:P LOOPTOP I

155 LAPEL LOOPTOP 3

156 COND FINISELOOP 5

157 SSG2 US?.T,GM,YS,KFS,GO,D,PG/ftR,PO,PS,PL

168 SSG3 LLL ^ Lt 0 L, LCO,KOO, PC /PHIDH, UOOV,ULV, RJOV/V , OMIT/
VY,JREIS=-1/ Vd4,tSKJP/V,N,EPSI

159 SAVE EPSI 3

17U] CONE) LBL?O,IRES t

171 tATG13K GPL,USET,SIL,RULV//C,W,L

1V2 I4ATG;)R G-L,tSET,SrL,RUOV//C,N,O $

173 L ABEL Lt3LZO 3

174 400 PtIT014P'ULVI/ULYT $

105 ADD PS,PSI/PSTT I

L76 ADD UCOV, JODVTI/OOVY 2

177 COMqO LOL-30,REAcr 2

178 ADO . XI/R

179 L A VF6 LBL30
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STATMENT ;ErJEN.Z: roR -1 FLEX1DLL V111IG MU!)EL

LEVEL 2.0 4AS-RAN 9440 COMPILER SOUJRCE LISTIt4G

tO 0 PARAH //C,N,Aor)/V,N,X0HtiL/C,tl,1/C,N,b j

11. AMP AJJL, SPS,9t.)K,D2JK, GTKA PI Off, 1JE,f2J,USTO,AER/QHHLQKKIL,
O4JL/V,Ni,NOI/V,N,X0)HHL/V,Y,GUSTAgR0 S

182 SAVE XQHM4L S

183 MPYAD PPM,QIhL , /QXKK/CIH, i/C ,N,1/C,N, ,N 1,i 1

1.8It UPYA TS T A, 0KK K, /P G/C ,N,O/ C, 14, I/G ,N, 0/CN, I 5

185! ADO P6,PGI*#PGf $

186 ADOD (OKKK,QI(IKT/Qk(KKT $

186 PARAMIL OV/,,M/,N1~WiVNS*

1.59 PARA4R /'C ,N,SGRT/V ,NVNSR/V,N,SOVN T

13tL P RT P4 r //C,j,/C,N,4SR $

131. P.~AA4 f//C,t4,LT/V,Ii,CHLCflF/V,II,Vi'-R/C,Y,CLOOI'P////VI,N1,FLAG 1

192 CONO L3IL5O,FLAG Z

193 PARA41 //C,14,AWJ/V,t,IWEGQ/CNO/C,N,i S

t94+ PItj.(,E ULV7,DSIIQOOYI/IW'Q .4

195 CONO LBL3i,REAcr S

196 PURGE RR1/1WEQ S

197 COPY r)RT/GRI/tIESINT 1

198 LAPEL LJL 31 S

199 COPY OKIT/QKK(KI/DESINT I.

z(1a COPY ULVT/1JLVr/oS:SINT

201 COPY OGT/PrI/OESINT s

Z2)2 COPY PSTT/PSI/OcSP4T 3

213 copy UIOVT/UOOVL/aESINT

204 REPT LOOPTOP~t1 el
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'TATMEt4T SErlUENCF rOR A~ FLEXIBLE WIN.G MOUEL

LEVE.. 2.0 4iASTrA4 flMA! COtIPILEF - SO)URCE LISTINIG

2US LAB3EL L3L50 3

206 S

236 ! T411S SECTION SI1FILAR TO RIGID FORuNT I

206 1. F.R THE RFCO'JERY CF TOTAL OISPLACE-:F.'f3 %40 STRESSES

2016 $.

236 MATPRN O'KKT, Ut.VT,, I// s

208 JUMP RECOVERY t

209 LABEL RECOVERY Z

ZtL SORI U-SET,PGT,ULVT,UOOVI 1YS ,G0,GM,PSTT,ICFS,KSS. QRT/UGV ,PC.G,QG/
V,Nt14SKIP/C,N,STA'rICS S

211 PAPA41 //C,NAD0/V,N,4SKIP/C,N,,1l,i

212 REPT RZCOV RYli 3

213 GPF0I rStC,UV,<ELM, KUICT,ECT,EOEX114,PF.(T,P66,QG/&N~tGY1,orPFB1/

214 OFP ON*GyI,OGPFS1,,,,// ~
2L5 SOR2 CA-SFCC,C-,TM#gPT,IIIT,EQSylIN,SIL ,GPTT, Enr,?G'rT, ,QG ,l.'GVST,

216 SAVE NOSORT2

217 '.O0NO LL 21 pNOSORT 2

?18 SOR3 JUGVI ,OPr,OQl,EF1,OEs1,P/oIJGV2,nP;,g');,oF2,0or2, S

2L9 OFP Otirtyg, Op(?,O4tG,OLF2,oES?,//V,t,J,.IIO

22tC SAVE CARNt4O t

PF LE/ V, 4, CA P400 I.

222 SAVE PV1L,CAD40 %S
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SI'ATMENI iE')J--N.E rOR A FLEVIBLE WING 4OLL

LEV[- 2.0 .'IAS'-FAN IIIIAP COMP1LER - SOURCE L13TINS

Z223 XYPL)T XYPLYT// 4

224 JUMP IM OT 3

225 LABEL L13L2t 3

226 OFP ()VpIOk ,EIOI,/Vli(-PN

227 SAVE CAROKO

?? a CO~N PZ,.UMI'PLOr I1

P229 LAB3EL D:'LOT S

230 PLOT -LTPAQ,GPSETS,ELSEITS,CASECC,BGPOT,EGEXIN,SIL,FUGV1,,GPECT,OESi/
PL.OTXiV,,4SIL/V,H,LUIT/,4, JUiUi'PLOTIV,N,PLTFLG/V ,H,PFILE -

231 SAVE PFILE ?3

232 PRTMSG PLOT2//S

233 L A eE P2 s

234 S

234 S T'41S SE TI31-I CALCtILATES TH6 AEROnYNg9I^Z CO -FFIOENTS

234 $

234 4P Y A) ATq4&,QKKKT,/TFACP/C,N,O/CN,N,,Ql,/C,I,i 1

235 PARAML rFACP//C,N,ONI/C,N,i/C,4,1/V,N,CLMA 3

236 PAFRAtIR //C N, DIV/V, 4, CL A.P/V 01 CLAA/V ,Y,WA PEA

237 41PYA) TVEt$A, OKKKT, /TFACP/C,N,I/Cd,M,/C,4,O/C,tJ,I

238 MPYA3 TVEA(KK,7tC/CKICN/,t/,, 5

239 PAFCAML T4Arp//C,N,DMil/C,N,1/r,NUV,AC4 4 $

240 PARAML TRAC9//C,4,flhiI/c,t,i/cN4,i/VNACRft j

242 PAFAMI. //CN,DtV/V,N,CRACF/V,tACpj1/VNpFCARLA

2,#3 ?IPYAD VGL S, P6T p/T FSGP/C,,M1p/ ,ti, i/C,is, O/C , t .i
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STATM NT SMQENIIE flR A FLEXfI.~ WING HOOEL

LEVE5L 2.0 144%RAN ()MAP f; )IPIL:R - SOUJRCE LISTIrJ,

244 PAPIAMI rFSrP//ct,oI/c ,N,1/C,N, I/V,NJ,ACL3 $

245 PAR.A41 //c, s,ov/v, N, CL SGP/V, N, ACLS/V , J,AtA i

24 6 MPYAO VGtIS,PGT,/FMSGP/C,tI,1/c,N,i/C,N,O/C,N,I f

247 IiPYAO VTNi,FtiSGP,/TMSGP/C,N,i/C,N,1/CNpO/CrWL $

248 IIPYAD vrz,Ft45;P,/T RSGP/C,N,I/C,N, I/C ,N,O/C Imp, 1

249 PARAML TlISGP//CptJDhiI/C ,1,1/C,N,1/V,lJ-,OACMS

250U PAfkAtiL TRSGn//CtI4,DNI/C,N,I/r,,1/V,N,QIACRS

251L PAfRAMR / /c 4 rv/vN Ci VHQ'lS ,0 ~

?5 3 PRTP4R //f,,N,O/C,N,CLACP I

?54 P~RPkRM //(j,Q/CN, CACP S

e5~5 PRTPIRH //C,M,Q/C,N, CRACP $

;136 PT Pk RIM / /-L ,O/C 4 ,,CLSGP

657 PRT PRtl //CYN, OPCvN pCMSGP I

~8 P RT PARI1 //, 14,O0/f, v NCRSGP

259 Jump FIIU1S S

2Sb LABEL. CROS2a s

25,1 P T TPARh /P',N,-2/r,141FLUTTER 1

252 LABEL FRRU2Ri Z

263 PRI PA R //r.,t4,-1/C,",FL1JTTER 1

264 LA13EL ERROR4 j

255 PHPRIPA //CM,-/Cjt4,FLUTTF.R t

2$6 LAP~EL EPIACAG ;

267 PRTP4M1 //CNv, -3/C,(41 T TCS 4

268 LAOLL FINIs s
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APPENDIX B

Model-Descriiptions
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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 rotational 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 Progqram .for Module
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SUqP AUTI NE GTIS
I~siE 5V;, GT 97 S:L T TIT T, VGtSqVGASqVTmA ,VT-9VT, V TI RAO AIOD"IT
I .tJE A CPT 9T;= ,E'.'A TL A. BGrA, PUF,3UF2 9 Ur3vCO37
I 1TiiGE TRNIL94--A,1-341YPINtYPOUT

C O ~N / /

0 "X C N fp lvyfY7TNTYDOUTIROWNPOWNM

9 ATA N; /4 GI Al 9P7-" 1

DATA SA ST,41<T TT , 9 , ' qVL G' TA9V ZqT4 Tk A rDMIT f
* 1 v2 2, 92 339,2 34,2 ?,-J925 F, 2L 7 , & ,2 J9,121L.92 11/
L COR7 CC): F7( 79 A

I F ( UF1.E~ ot=' 11 TOU5
C AN "N" 1 IT ~FOV -4E IATA RLOCK NAME SPECIPIES THE FIR3T
C ADOFISS OF THF ILC~ T'4 OFEN CaFE

C AN MLo* S-FJtF T47 IAT 3LCrK NAIIE SPECIFIES A PA1:4ETEI
c WHICHI IS TEr L OV;I T~ D4 ATA q!LGCK IN OPEN CZDIE
c

NACPT1l
CALL G0Pt HP4CPT,7U(tUFiJq')
CALL REA)(A~pr 7V'AC )r),& viM)

CNI IS TIE 4UM'x=E'\ OF AEr:O 90YES AND POINTS
N 17 (N ACDTT )
CALL CLOSFIACOT91)
TRAIL (i)=T03rl
CALL RDT L(r08IL)

C ND IS TIE 4U43=E 0 1 OF TRUM-UAL ELELIENTS LOADED AND A..33
C THE NUMBER 3F ?E0NDE4T SJr!UCTUFAL POINTS

ND=T;ZAIL( 2)
NTOSEL=N&cpT *,
CALL GOPEN(TOSTEL,'(cUci),9 0)
CALL REA) ('rOSEL9'(g4T3SEL),ND,±,M)
CALL CL03E(TOSTL91)
TRAIL (1)=G3L A
CALL RCT:ZL(rpaIL)
LGPLA=TR IL(2)
L BGP A I. GPL A
CALL GOP=-N(3PL~7(8UFi)qO)
NGPLA=NTISE:L+41i
CALL REA)(GOL8,?('fPL.I),L PLA9im)
CALL CLO3-EtPLA91)
N8GP8=NG2LA4LGOL9
CALL GOP:-N(qlGP1,v"(UFi)v')
CALL REA)(%'Fa,'('49G0 l),L EGP0,iM)
CALL CLOSE(9G0%, '-
NcoREzBUF 1-l
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C CHECKt To SIE rc' FNO'Jr,4 OOS4 COP~E IS AVAILA9LE
IF (NCOKEoLT*(41fPiLlGP4)) GO TO 5j,
IC'OMM2=53 13 IS 'l INTEPNAL ADOPESS OF COMEM2 ELEr.4ENT3c THE FOLL3WI%4G i S-ATM=-JTF LOCATE THE RECORD FOR TH=ES:E

C ELEMENTs I'l T4=' E-ToA rASL
CALL GOPN7Cr%,7~w3u~i),-)

I CLL= REA3

1CALL R~EAD (ET2"EC 1,vim)

GO TO 1

CALL FV1TRRtL)
NDOF=TR.AI I?)
NGP=NDOF/E

RUF3=PUF-~llJ=

L ECTA=7
NINIONECTA *LrCT.A

NTEX=N~D4LNO
LTEX=NGP
NTEY=NI EX+LT DC
LTEY=NGP
NSASEL=Lf EY+NT=-Y
LSASEL=N)
N TTT T T =N3S L+L S Af E
LTTTTT=N30P
N VGLS=trIT T.LTrTT
L VGLS=NDDF
NVC--S=N~V;L'S4LVSoLS
L VGMS=KOJF H c,
ICOREN:NV/GiS+L~,;mS
IlF(NCOFELT9TCORFJ) GO TO 56

00 9 Ji19N))F
! (NT E X+J- 1)=FL r,
7 (NTEY.J-I) =FLAG

9 CONTINUE
00 £2 J=1LVG43
Z (NVSMSJ-i) =114 3

IC CONTINUE
00 7 J=1LV!LS
Z tIVGLSJ-1) =0o 1

7 CONTINUE
CALL GOPE(SASEL,'( UF2)qi)
CALL GOPEM(TTTTT 9X9J3 1)

SY PIN =
7 VP0 LT I
IROW:I
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MICRA (i)SASEFL
PICRA (2) =
MC9A (3)=LSAS'FL
MCPIA (I)=3
MCPA (5) =
4CRA (6)=.'
MC PA (7 ) .

MC11F( 2)=.
4CP9( 3)=L TrrTr

MCP(E )j

C LOOP 3 CA&LCULAT'zt TVT ;rLL0WINGu DATA ?LOCKS SASEL.,

go 3Ii)
4 CALLFE (?,( T)',)

GCTO 5
GO TO L4

5 IGiI7(NzCT! 52)
I1G2=1 7(tN:-rT 1 +7)
IG3I17(NE-CT 44)
I G4=I 7(N:-Cr A +;)
I GPi= f
I GP2= P
I GP3=t
I G P4 =L
00 6~ J=19L'3L4
K=NGPLA+J-1

6 CONTINUE
IF(IGPI.E0,'!) GO TO 511
IF(1GP2,EO.1) SO TO 5'1,
IF(IGP3,En,.") G3 TO 5,)
IF(IGPk*EnL.,) G,1 10 31
Z (NVjLS +5 1IS1-3) =1 *
Z (NG VL S +5 1 S- ) =1 a 1

Z (NVLS.5OI3,,-3) =4 *

Z (NVGMSi*IG-T (IG-i)'AN TOF) =1 o'
Z (NVGMS*5'1!'3+ (f j)P~fN rF) =1 at

7 CNVGMS+S*Ir94-3. ftGr4-i) "N OF) 1*oC
Xi=7(N@G;)A4!G0i+11
Y1=7(NCGP5..IPi*?)
X2=?(NGPA +IGO32*1 )
Y2=Z(NGPI4+IGP24'2)
X3=7(NGPA +I1GP3.t)
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NJgOW:IFV
DO 8 J=i1t'3

7 (NSA SEL+!-!)=
CALLFiC()SL C'A
NPOW:LITrTTT
00 11 J=iLTrTT

£1 7 (NTT TTTJ-i ) =19
7 (NITT7 TT4. t-3 ) = 2q~
7 (NTT TT*F' r G2-";) 4 2'
7 (NTT T f 7 T tGI-31. 4,2

Z CNTTTIT~vrGI-31=* V
CALL PAC< (IF(JrTTT ,TrrTT .14C118)

7 (NND+211-): Yj+Y ?4.Y 3+Y10 It#,
Z (NT" X-1I;1vjl)=X

7 (NTEX-4' IGT) =1
7 (NT7Y-1"Ii 4)=X4
7 (NTEY-11I)=vt
7INTEY-Il,P2)=Y?

7(NTEY-1+I(.v)=?4
3 CON~'TINUE

CALL CL03EUrCTA,1)
CALL CL03E(SA' EL,1)
CALL CLOSE(TTTItT,-)
CALL WP1TFLC'4'IA)
CALL wRVpo(Pw3ii

MCeA(?)I(L

MCBA(3):t.VGLS

MCgA (!)=i
M4C13A(F) =j9

MCBAC3)=Je,3

MC3 (5 ) =1
I1CsB(6)=
MCBB3(7)=:
N ROW=LIVGL S
CALL GCPEN(VGLl,?13UFri),1)
CALL PAC( ?1IV;LSI VGLSM CPA)
CALL CLOSE(ifGL39,V
CALL GOP--h1(VGS 7(0Url 911
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00 1? J1,1l3P
CALL PC((V~(-)~),c~,C9

12 CONTTNUE
CALL CLO3E(VGI il
CA LL WFTFL ( 4C14
C ALL WFTrp'Le4A " I

C ALL GGP V(T,7rIri),il)
C ALL GC P;-(Vr 7 (WJ Fil, i
N TEY = 4 F. --
NT EY =1, TEV YJ'

L T MY t -G:

C LOOP £3 '0LCULIT TH=- VJT~ AND VTR tATRICIES
00 13 J=IN;P
IF(7(N1EiC+J-iJ * 2'n. rtAM; rC T3 13
7 (NTEXR,+JC-t') 7 ( 'Tc'y+J-1)

NC=NZ .1
V3 CONTINU

MCPR (3)=NF34
'4CPA (1, )=2

4COA (6=:

MC3R(i) =iTR
!1CB9(2)=.

M4CB C6)="

CALL PAC<('F (tXI VT9,MC M)
CALL PAK( r .%, T.4 9
CALL CL OS Ef T49 1)
CALL CLO03E (VTP i )
C ALL WrTVRL (MIA )
CALL IITTFLCMV~gq,
141L I tI I .~i
Lal

C NCS EQUAs rHE 4"M9ER OF CHOROWISE BOXES
a MS9 -ECUALS rHi 4' wimov 3F 'SOANWISE BOXES

1CP,7 (NA.' PT +95)
NSBZT (IAFT.2)
00 14 J1,'lJSe

lAi.mrL+L
I A2:I'dIL+L 4-
ZA3=HIL *L N'4 3
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I A -'I1L+L +N~o 13+t

I A P2=
I A P3=t
I A Pi,
0 C 1 K K= 19L G LA

I F (V, 1 El o 17 (10) ) T A~t =41 rLIA+ (KK-1)

1 ONTI K'E
IF(I4Pi.E0.l) GO TOl q?",
IF(ILAP2*En.-I) 13 TO £ Ii
IFCIAP3,Er.1) '., TO 0 71

X2 7 (N6FL A+rt'-?+l
X37(tC,PL 4+1AP3+ir

Y 3=7(NGPL A+IAD3+?%

N N1= NTE X
C THESE ARE T4E 'JOnPlINITPES OF AEVO POINTS AT THE
c ONE IUAPTE) CH7)fl 0 OI14T OP: THE F~OX

Z (NNI+2L)=(Y1+Y?4,Y3+Y4) IA*
L=L+i

14 CONTINUE
PtCBA(1)=S7A(
MC84 (2)=

MCRA(3)=J
#1CFA()=2

PA8 (C ) =

NGTAKzINNI *11r
KTxL
K x6
K Ys
K Dzt,

NSCR3t( (NI +* 2. 4AT +3) +WI*ND +PI (N I +3)
C THIS CHJEVSl OP71 OPI TO 5EE IF ENOUGH IS AVAIL4IiLE

I F(N^ 0%Ee L T o(S'%, 4NGT A K)) GO TO 5 1 C
CALL SSPLIN( NI,?IND ),N09,7(NNO),PKXKY qKOKTO0ZNGA'() NSCR,

ISTING)
9UFlffLCOR E-IRUc, I
9UF~x8UFj.IRU'
NCORERPUF 2-i
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IF (NZC E*LT* (JN-,TXK*M.jj)) GO TO 5(
CALL GCP7t'(VTA~q -(!;UFi)),i)
N ROW= NO
DO 15 J=19,'10

16 CONTINUE
CALL CLO3(TMC,4)
CALL WFTTrLV(7*4)
C ALL G ,P V*l -

C ALL GCP '('TD % 9 (-AU--) I.I
N T FX=VGT K
Li EX=24 N1
NTEY=N7 EX+Lr EY

C LOOP 17 ^ZALCt)LAT-- THT VT14A AND VTPA MATkICIES
00 17 1I,'4It

17 CO0 tlIlN UE
MC9A(1)=VT44
MC9A (2)=
PICRA (3=4F0b1
1CPA (L)=2

MCIBA (t )1

MCr3Sc7)=V:r

4CeBt( 2) =.
MCBB( 3) '4Rpb
MCf9(L4)=2

M C89(E) =c
MC91(?) =:
CALL PA CK 1N!T X).VT4 i 4C CA)
CALL PA C< (7NT-Y ) VTA C F-)
CALL CLS(~~l
CALL CL OS E(VTRA,91)
CALL WR.TrFL(MCa4)
C ALL WRTr PL ('1CS)
NAIDMIT=i
00 is IzipNI
Z (NbIDlIr+-tU=i.o

18 CONTINUE
CALL GOPEN(AID41IT97(UFl) 31)
MC BAM=( 1)
M9C BA (2) =
MIGBA (3)=41
MCBA (4 ) =2
MCE9A (5) =I
MCSA (6) =
MCBA (7)
N ROW: N I
CALL PACK(((N4IOM7T3,4I)4ITMC8A)
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CALL CLOE (AI)14TT91)
CALL WFTTFLCMrP,)
CALL GOP- P SAAS (PkI;F) ,J)
TYPOUT=3
NSAS=I
N .'OW= 2" ti

NTLI ' NCW

7 (NSA S) =:" .0
19 CONTINUE

L=i
O0 2" 1=1,4l

Z (NS S+L+I-2)=t, 0
7 (NS AS+LI-1) = . 0

2 C R Tf N=Jr.E:

mCp (2)=:
HtC A (3)=1 iO '

MC4 C(L =)3

MC ,A (6)
MCRA (7)
L=i
DO 21 I=INT
CALL PACf('T(NS '. -1) SAS$9MC5A)
L=L+NRCW

21 CONTINUE
CALL CLOSE(SA.,1)
CALL wRTrPL(MC3A)
RETURN

500 N=-R
FILE=C
CALL MEIS G ( NFILE,,4A-)
END
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