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SUMMARY 

This paper presents a computer program which has been developed for the flutter 
analysis, including the effects of rigid-body roll, pitch, and plunge, of swept-wing sub- 
sonic aircraft with a flexible fuselage and engines mounted on flexible pylons. The pro- 
gram utilizes a direct flutter solution in which the flutter determinant is derived by using 
finite differences, and the root locus branches of the determinant are searched for  the 
lowest flutter speed. In addition, a preprocessing subroutine is included which evaluates 
the variable bending and twisting stiffness properties of the wing by using a laminated, 
balanced ply, filamentary composite plate theory. The program has been substantiated 
by comparisons with existing flutter solutions. 

The program has been applied to parameter studies which examine the effect of 
filament orientation upon the flutter behavior of wings belonging to the following three 
classes: wings having different angles of sweep, wings having different mass ratios, and 
wings having variable skin thicknesses. These studies demonstrated that the program 
can perform a complete parameter study in one computer run. The program is designed 
to detect abrupt changes in the lowest flutter speed and mode shape as the parameters 
are varied. 

INTRODUCTION 

The use of filamentary composite materials in aircraft structures offers a great 
potential for  weight savings over conventional (all-metal) construction. Composites also 
introduce added versatility into the design process by allowing the structure to be better 
tailored to meet the design criteria. One such criterion is the prevention of flutter in a 
designated flight regime. The flutter speed can be quite sensitive to the distribution of 
structural stiffness. With the added versatility of composite material, the st 
tribution can be tailored to avoid flutter by .controlling the filament orientation in each 
lamina of the structural wing box. 

Flutter is a complex phenomenon and the designer and analyst may have little 
intuitive feel for  flutter even in all-metal airplanes since, in addition to the stiffness 



distribution, the flutter speed may be highly dependent upon the mass distribution, espe- 
cially the placement of engines, the flexibility of their supporting pylons, the rigid-body 
degrees of freedom of the plane, and the flexibility and mass of the fuselage. Further- 
more, it is the lowest flutter speed which is critical to the design and this speed can be 
significantly different in two seemingly similar designs since the lowest flutter speed 
may be associated with a different flutter mode in each design. Consequently, it would be 
desirable to have a computer program capable of analyzing the flutter behavior of 
composite-wing aircraft and determining the influence on the lowest flutter speed of com- 
posite structural parameters (such as filament orientation and lamina thickness) as well 
as other structural parameters (such as engine mass and fuselage stiffness). 

The purpose of this paper is to present a flutter analysis program applicable to 
parametric studies of swept-wing aircraft and to apply it to study some of the flutter 
characteristics of composite wings. The program, which is written in FORTRAN IV, 
includes the effects of rigid-body roll, pitch, and plunge and is applicable to both sym- 
metric and antisymmetric flutter modes. In addition, the effects of engines mounted on 
flexible pylons and a flexible fuselage are incorporated into the program. 

The wing is modeled as a bending-twisting beam and the aerodynamic loads are 
modeled from modified swept-wing strip theory (refs. 1 to 3) in which finite aspect ratio 
and compressibility effects may be approximately accounted for. The program uses a 
direct flutter analysis approach in which the flutter determinant is derived from energy 
considerations using finite differences. The root locus branches of the determinant are 
searched for the lowest flutter speed. 

The program contains a preprocessing subroutine which evaluates the variable 
bending and twisting stiffness properties of the wing by using a laminated, balanced ply, 
filamentary composite plate theory. The program also allows a parameter of interest 
(e.g., filament orientation, lamina thickness, and fuselage stiffness) to be automatically 
incremented over a user specified range, and the critical flutter speed is found at each 
parameter value. The program is demonstrated by studying the effect of filament orien- 
tation on the lowest flutter speed of wings belonging to the following three classes: 
(1) wings having different angles of sweep, (2) wings having different mass ratios, and 
(3) wings having variable lamina thickness. 

The program has been verified by comparison with examples found in the literature 
(refs. 4 to 6) and with the SADSAM computer program (ref. 7). The difficulty of deter- 
mining the lowest flutter speed is illustrated by discussing an example reported in refer- 
ence 5. The present program predicted the same flutter speed as reference 5 but in 
addition found two lower flutter speeds. 
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SYMBOLS 

coefficients of superimposed displacement field as defined in equation (D3) *r 

al 1 , al 2, a22 a3 3 elements of elastic matrix as defined by equations (9) to (11) 

local dimensional and nondimensional off sets of elastic axis from midchord, - a respectively (positive towards trailing edge), a = - 
br 

local dimensional and nondimensional off sets of aerodynamic center - from 
- 

midchord, respectively (positive towards trailing edge), ac = - a C  

br 

reference value of semichord 

local dimensional and nonclimensional semichords of airfoil normal to elastic - 
axis, respectively, b = - b 

br 

local semichord of wing box 

Theodorsen's circulation function 

local lift-curve slope 

complex flutter determinant 

;i 
2' 

dimensional and nondimensional fuselage diameter, respectively, d = - 

Young's moduli parallel and transverse to filaments, respectively 

pylon and/or fuselage bending stiffness 

reference value of wing bending stiffness 

local dimensional and nondimensional wing bending stiff ness, respectively, 

elements of flutter determinant defined by equation (D4) 

3 



composite shear modulus Gzt 

@JIp pylon and/or fuselage torsional stiffnesses 

- 
local dimensional and nondimensional torsional stiffnesses of wing, - GJ,GJ 

GJ respectively, GJ = - 
(EI) r 

upward vertical displacement of any point along pylon 

local dimensional and nondimensional upward vertical displacements of 

hP 

5,h 
i; elastic axis, respectively, h = - 

br  

Jacobian af flutter determinant defined by equation (D2) 
JC 

k reduced frequency, brw - 
V 

- 
L dimensional and nondimensional lengths of pylons, respectively, L = - 
br 

length of wing along elastic axis 

L,L 

1 
- 

bending moment on p y l a  at root Mp 

reference mass per unit length along wing elastic axis mr 

- local dimensional and nondimensional mass distributions per unit length along - m,m 
m elastir axis, respectively, m = - 
mr 

- 
me,me dimensional and nondimensional mass of engines, respectively, me = me 

m l  

- 
meS,,me Je dimensional and nondimensional rotational inertias of engine masses, - 

respectively, meJe = - me5, 

mr73 

N number of f inite-difference stations 
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number of composite reinforced laminas in each cover face NL 

elements of reduced stiffness matrix defined in equations (12) &11 ,Q12’Q229Q66 
to (15) 

local dimensional and nofidimensional upward aerodynamic lifts per unit length 
qhi4 

of elastic axis on wings, respectively, Qh = b r  (‘1) r 

local dimensional and nondimensional aerodynamic torques on wings, 
G a P  

respectively, Qa = - 
(EI), 

dimensional and nondimensional upward vertical loads, respectively, applied 
‘ihi4 

to wings by pylons, q, = br (E11 r 

dimensional and nondimensional bending moments, respectively, applied to 
-3 qml 

br(EI)r 
wings by pylons, qm - - 

dimensional and nondimensional torques, respectively, applied to wings by 
qai2 

pylons, qa! = - 
(EI), 

2“ ratio of wing length along elastic axis to reference semichord, - 
br 

local dimensional and nondimensional radii of gyration, respectively, of wing - r 
a b u t  elastic axis, ra! = a 

br 

kinetic energy of wings 

torque applied to pylon at its root 

strain energy of wings 

wing displacements along elastic axis 
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v airspeed , 

7 chordwise wing displacement, positive towards trailing edge 

% 

SWa,SWe 

upward vertical displacement of wing 

virtual work of air loads and engine masses, respectively 

X,Y,Z aircraft coordinate system as shown in figure 1 

axial coordinate of pylon "p 

local dimensional and dimensionless offsets of wing center of gravity from fa?, - 
- x, elastic axis, x, - - 

br 

a! twist of wing, positive leading edge up 

p' quantity defined by equation ( E l l )  

z ,E dimensional and nondimensional distances, respectively, between adjacent - 
E finite-difference stations, E = - - 
1 

thickness coordinate of jth lamina 5 
f coordinate of wing along elastic axis 

0 pitch about Y-axis 

8 angle of filament orientation, measured from ;i axis 

rpb," 
K reference wing mass ratio, - 

mr 

A sweep angle 

-3 2 ob-2 V 
A ' r  nondimensional dynamic pressure, 

(E11 r 
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Poisson’s ratios f o r  the composite material 

chordwise coordinate of wing, positive towards trailing edge 

vlt, vtl 

E 
P air density 

cr u u stress components in wing 17’ 5’ 175 

@ roll angle about X-axis 

w circular frequency 

ANALYSIS 

Assumptions and Governing Equations 

Consider the model of a swept-wing subsonic aircraft with engines and flexible 
fuselage as shown in figure 1. The following assumptions concerning this model have 
been made: 

(1) All deformations are sufficiently small so that the governing dynamic equations 
are linear. 

(2) In-plane motions of the airplane are neglected; hence, only roll, pitch, and 
plunge of any point of the plane are allowed. 

(3) The tapered, variable-thickness wings a re  modeled as beams having an arbi- 
t ra ry  distribution of bending and twisting stiffnesses. 

(4) The engines are modeled as lumped masses (having rolling and plunging inertias) 
extended out in the plane of the wings mounted on flexible, massless pylons. The pylons 
are modeled as bending-twisting beams rigidly attached to the wings at the elastic axis. 

(5) A rigid carry-through beam joins the two wings and is rigidly attached to the 
elastic axes. 

(6) The fuselage is modeled as two flexible, massless, bending-histing beams, one 
extending fore and the other aft of the wings. Each beam has a lumped mass at its tip 
with rolling and plunging inertia. The fuselage beams a re  rigidly attached to the carry-  
through beam. 
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The aerodynamic loads are provided from modified swept-wing strip theory as 
given in references 1 to 3 and repeated for completeness in appendix A. Air loads which 
do not act on the wings themselves are neglected. Due to the symmetry of the problem 
only symmetric and antisymmetric f-lutter modes need be investigated; however, the 
limiting case of cantilever wing flutter is  also considered. 

For harmonic motion, the lateral and torsional deflections of the wing may be 
expressed as 

where 6, and a. are complex amplitudes, w is circular frequency, and t is time. 
The governing equations which are valid for  symmetric, antisymmetric, and cantilever 
wing harmonic motions are derived in finite-difference form in appendices B and C. They 
may be expressed as 

where [SI, [MI, and [A) are the stiffness, mass, and aerodynamic load matrices, 
respectively. (The complex matrix [A] does not include the mass effects of the air 
surrounding the wing; these effects are incorporated into matrix [MI.) Also in equa- 
tion (3), [q) is the column of generalized displacements of the model, h is the dimen- 
sionless dynamic pressure, and 51 is the dimensionless complex frequency. 

For a given value of A, equation (3) represents a complex eigenvalue problem, for 
which a set of eigenvalues 51 = 5tR + iQ1 and eigenvectors [q] exist. Each pair of 
values (A$) represent a root of the flutter determinant associated with equation (3) and 
the loci of all such roots constitute the root locus branches of equation (3) as shown in 
figure 2. Stable roots of equation (3) are those for  which QI > 0. Consequently, flutter 
is indicated by a change in sign of QI from positive to negative and may be found by 
tracing the root locus branches. 

Numerical Procedure for Tracing the Root Locus Branches 

and Determining Flutter 

The root locus branches are searched for flutter in the following manner: 

(1) At zero airspeed, h = 0, all the branches emanate from the natural frequencies 
of the system when the effective mass of the air is taken into account because 
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lim[A(A,51g = 0 
A-0 

(4) 

For this reason the natural frequencies are found first; in the computer program, these 
frequencies are found with a determinant plotting routine. 

(2) The branches are then traced by incrementing A from zero with the natural 
frequencies, determined in step (l), as starting points. 

(3) For each value of A, the complex eigenvalue 51 is found by driving the flutter 
determinant to zero by using a Newton-Raphson scheme whose iterative steps are given 
in appendix D. 

(4) A flutter instability is indicated by the vanishing of the imaginary part of the 
complex frequency; hence, each branch is traced out until flutter is indicated or a maxi- 
mum airspeed is attained. (As discussed in a subsequent section, traces need not nec- 
essarily start at X = 0.) 

Preprocessing the Wing S tiff nes s Distributions 

In this section, the bending and twisting stiffness distributions of the wing a re  pre- 
sented for a laminated, balanced ply, filamentary composite wing box as shown in 
figure ,3. 

The cover of each box contains NL layers and each layer contains an equal num- 
ber of filaments oriented in the plus and minus 0 directions (j = 1,2,., .,NL). The 
filament orientation angle O j  and the lamina thickness tj may be variable along the 
span and different in each lamina; however, complete symmetry is assumed to exist 
between the top and bottom covers of the box. 

j 

It is assumed that the deformations of the wing obey the usual thin-plate Bernoulli- 
Euler assumptions and that chordwise bending may be neglected. On this basis, the 
bending and twisting stiffnesses of the wings, as derived in appendix E for cross  sections 
normal to the elastic axis, are 
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where E* is the semichord of the structural wing box as shown in figure 3 and 

To = ZT (7) 

Cj = Tj-1 + t j (j = 1,. . .,NL) (8) 

in which 
surface of the box. (See fig. 3.) In addition a 
following elastic matrix which defines the orthotropic stress-strain law (ref. 8) in the 
jth lamina with filaments oriented in the plus and minus e j  directions: 

zT is the distance of the upper and lower covers of the box from the middle 
are coefficients of the 

33,j 
and a 

11,j 

From reference 8 the coefficients of the elastic matrix are given by 

(10) a l l y j  = 2 k l l  cos Q12 + 2&ss) sin 2 8 .  cos 2 e.  + Q22 sin4 B d  J J 

where c"3 is the reduced stiffness matrix whose elements are 

E, 
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Q66 = G2t 

In equations (12) to (15), El and Et are the Young's moduli parallel and transverse to 
the filaments, respectively, and Glt is the shear modulus. Equations (5) and (6) may be 
readily reduced to the case of an isotropic wing and to the case of a solid wing. 

COMPUTER PROGRAM 

Description 

A computer program denoted COMBOF (Composite Box Beam Flutter) has been 
developed for  the flutter analysis of swept-wing subsonic aircraft. The aircraft model 
contains a flexible fuselage and allows the engines to be mounted on flexible pylons. In 
addition the program takes into account the effects of rigid-body roll, pitch, and plunge. 

The user has the option of either supplying the bending and twisting stiffness dis- 
tributions of the wing or  supplying the reduced stiffness matrix, filament orientation, and 
lamina thickness of a composite wing and allowing the program to automatically calculate 
the stiffness distribution of the wing by using a preprocessing subroutine governed by 
equations (5) to (15). When the preprocessor option is used, the program can perform a 
complete parameter study in one computer run, consecutively incrementing a parameter 
(e.g., fiber orientation, lamina thickness) over a range of interest. When ,calculating the 
flutter speed in such parameter studies, it may be possible to start from the flutter speed 
and frequency corresponding to the previous value of the parameter and to trace only the 
previous critical branch. Use of the previous lowest flutter speed in such a manner is 
reasonable so long as the lowest flutter speed o r  its associated frequency does not change 
discontinuously as the parameter is incremented. However, it  may happen that as the 
parameter is incremented, a lower flutter speed may appear whose associated mode 
shape is different from that at the previous parameter value. This situation implies that 
the lowest flutter speed and/or its associated frequency have changed discontinuously 
with the parameter increment. In order to avoid such discontinuities, periodic searches 
of all the branches, starting from h = 0,  are automatically performed by the program. 

The flow diagram of figure 4 shows the logic in COMBOF for finding the lowest 
flutter speed during a parameter study. Once the parameter of interest is chosen, the 

. study proceeds as follows: 

@ After the input of aircraft geometry, aerodynamics, and program control infor- 

@ A subroutine named RLF traces each branch, starting from the natural frequen- 

mation, the program finds a user specified number of lowest natural frequencies. 

cies found in step@, till a flutter speed is found or a specified maximum airspeed is 
obtained. 
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@ The lowest flutter speed is chosen, or, if no flutter speeds have been found, the 

@ The parameter of interest is incremented, and the preprocessor computes new 

program may terminate. 

wing bending and twisting stiffness distributions. A count is kept so that after a specified 
number of increments a complete search of all branches is again initiated from A = 0. 
Consequently, discontinuities in the lowest flutter speed are checked for periodically 
during the parameter study. 

@ If the count has not been exceeded, subroutine RLF traces the branch on which 
the lowest flutter speed occurred for the previous parameter value while testing 

@ the first and second derivatives of A with respect to SZI along the 

@ the number of airspeed increments made along the branch 

@ the maximum airspeed limitation 

branch to see if flutter is imminent 

These tests may indicate that, for the parameter value, flutter is not likely to occur on 
the same branch as it occurred for  the previous parameter value and a complete search 
of all branches is initiated. 

@ The procedure continues until the specified number of parameter iterations is 
fulfilled or  an internal decision is made to terminate the study. A description of the 
user input and options, an example computer output and a listing of the program are pro- 
vided in appendix F. 

Validation 

In order to verify the accuracy of the flutter analysis, several comparisons were 
made with examples found in the literature (refs. 4 to 6) and with the SADSANI (ref. 7) 
computer program. The results of these comparisons are given in tables I, 11, and PII. 
In order to agree with references 4 to 6, the aerodynamic coefficient c"L.3 and the aero- 

dynamic center ac were set equal to 2 8  and -0.5, respectively. 

In table I, a uniform cantilever rectangular straight wing (with aspect ratio of 6.67) 
as given by Goland in reference 4 (with later correction of results in ref. 5) is considered. 
The table shows that COMBOF gives good agreement with Goland's exact solution both in 
flutter speed and frequency even when as few as 10 finite difference stations are used. 
The SADSAM solution, although not doing as well in this example as COMBOF, also gives 
good results. The small differences between COMBOF or  SADSAM and Goland's solution 
is probably due to the approximation of Theodorsen's circulation function used in both 
COMBOF and SADSAM instead of the exact Bessel Function form used by Goland. For all 
the calculations in table I, the branch on which flutter occurs is the first torsional branch; 
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this is not meant to imply that only torsion is associated with the flutter mode. The 
designation of any root locus branch is derived from the designation of the natural fre- 
quency from which it emanates. 

An example of an aircraft having a rigid fuselage and in symmetric flutter is pre- 
sented in table II. The aircraft has uniform rectangular straight wings of aspect ratio 6.67 
and has weights attached to the wing tips. A solution to this problem is given by Goland 
and Luke in reference 5. They considered two cases in this investigation as described 
in the table. In each case, both COMBOF and SADSAM were in good agreement with ref- 
erence 5 for the flutter speed and frequencies of the first torsional branch. However, in 
tracing out other root locus branches, COMBOF predicted that even lower flutter speeds 
existed for case 1 on the first and second bending branches. These speeds were later 
confirmed by SADSAM. This example serves to point out the ease with which the lowest 
flutter speed can be missed. 

Finally, a comparison with reference 6 for a uniform cantilever rectangular swept 
wing of aspect ratio 12.4 is presented in table III. Since reference 6 contains analytical 
and experimental results, comparisons were made with both. As in tables I and II, the 
comparisons show good agreement in all cases. 

DISCUSSION OF RESULTS FOR COMPOSITE-WING 

BOX PARAMETER STUDIES 

The program has been applied to parameter studies in which the effect of filament 
orientation upon flutter behavior has been examined for wings belonging to' the following 
three classes: wings having different angles of sweep, wings having different mass 
ratios, and wings having variable lamina thicknesses. In each class, a cantilever wing 
was considered whose filament orientation angle was  the same in each lamina and was 
uniform along the span (i.e., ej = 6 = Constant). 

The studies were carried out by using the program logic shown in figure 4 
(previously described). For the cases presented herein the composite material was 
boron-epoxy and the appropriate moduli and other wing properties are given in table IV. 

In each case, the filament angle 6 was incremented in 101 steps from 0' to 90'. 
Among the relevant information output by the program was the variation of E1 and GJ 
with 6. These data are shown in figure 5. Notice that while GJ is symmetric 
about 45O, E1 is asymmetric, decreasing with increasing 6. 

The variation of the dimensionless dynamic pressure h with 8 is shown in fig- 
ure  6 for three swept wings. Values of h above the flutter boundary are unstable, 
whereas those below are stable. The figure indicates that for  6 < 55' the effect of 
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sweeping the wing is to raise the flutter speed by a factor between l / i / a  and 
l/cos A. This effect is about the same as that recorded in references 6 and 9 for  all- 
metal wings. However, when 8 > 55' sweeping the wing seems to have no definite effect 
on flutter. Moreover, in general, it appears that the effect of wing sweep is of secondary 
importance to the effect of fiber orientation, and, as anticipated, the maximum flutter 
speeds are attained when GJ is maximum o r  near 8 = 45'. This general shape of the 
curve bears much similarity to that presented in reference 10. 

As discussed in a previous section, COMBOF is designed to find the lowest value of 
the flutter parameter h (which corresponds to the lowest flutter speed) even if h is 
discontinuous. Such a situation occurs in figure 7 for a relatively high-mass-ratio wing 
(a heavy wing o r  low-air-density-high-altitude flight, m/mrK = 64) as the filament 
orientation angle 8 is varied. The solid line in the figure represents the lowest flutter 
speed and in general follows the shape of GJ in figure 5. The curve contains two dis- 
continuities: one at 8 = 36' and one at 81'. However, the flutter boundary or  bound- 
aries must be continuous and in the vicinity of such a discontinuity are usually multi- 
valued. COMBOF may also be used to predict these multivalued curves. (See appendix F 
for  program option.) Hence the dashed curve in figure 7 completes the flutter boundary 
between 8 = 36' and 45'. 

Further details of the nature of the flutter boundary in the vicinity of the disconti- 
nuity at 8 = 36O a r e  shown in figure 8. The figure indicates the change in flutter mode 
from the first torsional branch (dashed curves) to  the second bending branch (solid curves) 
as 0 increases from 35.1° to 45.0'. Flutter is indicated by a change in sign (from plus 
to minus) of the imaginary part of S2. Notice that at 35.1° the second bending branch 
almost goes unstable near h = 4 while at the same value of t, the first torsional branch 
is unstable near h = 6.5. When 8 = 4 3 . 2 O  the second bending branch becomes unstable 
near X = 5, while the first torsional branch is also unstable but at h = 7.3, With further 
increase in 8 to 45O, the second bending branch is still unstable while the first torsional 
branch has become stable. 

Apparently the discontinuities in the curves of figure 7 are highly dependent upon the 
mass ratio of the wing. Figure 9 shows that, for mass ratios below that shown in figure 8, 
the discontinuity decreases as the mass ratio decreases. This trend is in agreement with 
results presented in references 11 and 12. When m/mrK = 8 no discontinuity appears. - 

Again the curves generally follow the variation of GJ. 

The variation of h with 8 for variable thickness lamina is shown in figure 10. 
The thickness of the lamina varied linearly along the span from the root to the tip. The 
figure indicates that the discontinuity in h decreases in size as the lamina taper 
increases, and as anticipated, the flutter speed generally decreases with taper as well. 
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CONCLUDING REMARKS 

A computer program has been developed for  the flutter analysis of composite swept- 
wing subsonic aircraft with a flexible fuselage and engines mounted on flexible pylons 
including the effects of rigid-body roll, pitch, and plunge. The program uses a direct 
flutter solution in which the flutter determinant is derived by using finite differences and 
the root locus branches of the determinant are searched for the lowest flutter speed. The 
air loads are generated internally by using modified swept-wing strip theory. In addition 
a preprocessing subroutine is included which can be used to evaluate the variable bending 
and twisting stiffness properties of the wing using a laminated, balanced ply, filamentary 
composite plate theory. The program has been substantiated by comparison with existing 
flutter solutions. 

The program has been applied to parameter studies in which the effect of filament 
orientation upon flutter behavior has been examined for wings belonging to the following 
three classes: wings having different angles of sweep, wings having different mass 
ratios, and wings having variable lamina thicknesses. These studies demopstrated that 
the program can perform a complete parameter study in one computer run. Such studies 
make it possible to use the lowest flutter speed, for one parameter value, in obtaining the 
lowest flutter speed at the next parameter value while making periodic checks for the 
occurrence of abrupt changes in the lowest flutter speed and/or frequency as the param- 
eter is varied. The occurrence of these abrupt changes is associated with the lowest 
flutter speed shifting from one flutter mode to another with a relatively small structural 
change. 

speed for swept and unswept wings occurred when the filament orientation was  near 5.45'. 
However, for wings having high mass ratios, the critical flutter speed changed abruptly 
with small changes in filament angle when the filament orientation was  near *45'. 

In addition, the studies indicated that, as anticipated, the highest critical flutter 

Langley Research Center, 
National Aeronautics and Space Administration, 

Hampton, Va., May 22, 1974. 



APPENDIX A 

AERODYNAMIC WING LOADS 

In this analysis the aerodynamic loads are provided by modified strip theory 
(refs. 1 to 3) valid for constant amplitude harmonic motion of the form eiot. This 
theory represents an improvement of elementary strip theory in that it includes effects 
due to finite aspect ratio and compressibility. The theory employs a variable section 
lift-curve slope c (77) instead of 2n, a variable section aerodynamic center a,($ 

instead of -1/2 (the quarter-chord), and a modified Theodorsen circulation function C(k), 
which accounts for  compressibility effects on the magnitude of the lift and pitching 
moment. Appropriate spanwise distributions for cz (q) and ac(q) are those for the 

particular planform and Mach number of interest. (See refs. 1 to 3.) 

2, 

01 

The lift and pitching moment per unit span at the ith finite-difference station may 
be expressed in dimensionless form as 

+ 

16 



APPENDIX A 

+ (ai - ac,i) ( ~ 2 , ) ~  - ac,i) (c ldi  c i ~ ' 3  

(i = l ,2 , .  . .,N) (A2) 

where the dimensionless (unbarred) loads are  related to the dimensional (barred) loads 
by 

in which f is the wing span (tip to root), br is a reference semichord and (EI), is a 
reference bending stiffness. Also, 

and A is the sweep angle. Furthermore, 
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APPENDIX A 

k -  brw --- 
kn - cos A V cos A 

An approximate form of Theodorsen's circulation function, due to reference 7, is 
used in place of the exact Bessel function form; that is, 

(1 + 10.61iknbj) (1 + 1.774%bj) 
( j  = 1, . . ., N) (A4) 

Cj(%) = (1 + 13.51iknbj) (1 + 2.745%bj 

Moreover, to correct for compressibility effects, Cj( %) may be modified in magnitude 
by the choice of an appropriate factor. (See ref. 3 for additional details.) 
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APPENDIX B 

GOVERNING EQUATIONS 

Since the aircraft is geometrically and structurally symmetric, only the symmetric 
and antisymmetric oscillations of the aircraft need be considered. Hence, the total 
elastic energy stored in both wings may be expressed as 

where a prime denotes differentiation with respect to 7j, the coordinate along the elastic 
axis of the wing. The variation of equation (Bl) may be expressed as 

N-1 

N 

i=2 

where the elastic axis of the wing has been subdivided into N-1 equal segments of 
length Z and the subscripts denote the finite-difference stations numbered as shown in 
figure 1. 

The kinetic energy of both wings may be expressed as 

where 

- 
m mass of wing per unit span 

radius of gyration of cross section about elastic axis 

offset of center of gravity from elastic axis (positive towards the trailing edge) 

- 
rQ! 

xa 
- 
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APPENDIX B 

and a dot signifies differentiation with respect to time. The variation of equation (B3) 
may be expressed as 

N-1 

i= 2 

The variation of the work done by the engines and fuselage may be expressed as 

- where ch,ij qm,i> and (a,i are the vertical upward loads, torques, and moments 

(positive as shown in fig. 11) applied to the wings at the ith finite-difference station by the 
engines and fuselage. These loads are evaluated in appendix E, and are  taken to be zero 
at the finite-difference stations where no engines are attached. 

The variation of the work done by the aerodynamic loads may be expressed as 
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Substituting equations (B2), (B4), (B5), and (B6) into Hamilton's principle, 

t2 (6U - 6T - 6We - 6Wa) dt = 0 

1 

with harmonic motion of the form ei6-'t being assumed, and using the following finite- 
difference expressions for derivatives of fii and ai and their respective variations 

yield 

+ (EQ2(h3 - 2h2 + hl) - - - E  1 4  m SZ 2 h 1 4  
2 1 ( 1 - alxa,l) - Z E  (&h,l +qh,l) 
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4 2 4 
- E  "N-1' (hN-1 - aN-lX~,N-l)  - E (Qh,N-l -k qn,N-l) 

(Equation continued on next page) 
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+ qa E2(Qa,N 
1 
2 

- -  

In deriving equation (B11) the variation of the kinetic energy has been integrated once by 
parts and the following dimensionless quantities have been introduced: 

E E = -  
i 

Not all the variations in equation (B11) are independent of one another; some are 
constrained by the requirement of either symmetric o r  antisymmetric motion. 

Symmetric Modes 

For symmetric modes, 

@F=O 

where 
fuselage via a rigid carry-through beam, 
f inite-diff erence station, hence 

+F is the roll of the fuselage. However, since the wings are attached to the 

QF is also the roll of the wings at the first 

o = +F = +1 = g1 cos A -+ al sin A 0313) 

Expressing equation (B13) in f inite-difference form, with dimensionless quantities intro- 
duced, gives 
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ho = h2 + 2eRal tan A 

whose variation is 

6ho = 6h2 + 2eR6al tan A (B15) 

Inasmuch as equation (B11) must be valid for all independent variations of 
and ai which satisfy equation (B15), the governing finite-difference equations for sym- 
metric flutter may be obtained by setting the coefficients of each variation equal to zero. 
The resulting equations are 

hi 

2 2  
l E f i r n 1  2 

0 = -(GJ)3/2 (a2 - ai) - ‘z R2 ( r a y 1  - Plhl) - tE2(Qa,l + %,I) 

- hl+-ERal tanA 

0 = -2(EIll(h2 - hl) + (EIl2(h3 - 2h2 + hl) - --E 1 4  mlfi 2 (hl - alxa,l) 
2 

- le4(Qh,l + qh,l) + 2-E 1 3  qm,2 - ~ - E R ( E I ) ~ ~ ~  tan A 
2 

--E2(Qa,2 + %,2) 

0 = 2(EI)l(h2 - h l  + E R C X ~  tan A) - 2(EQ2(h3 - 2h2 + hl )  

+ (EIl1( h4 - 2h3 + h2) - e4rn 2 fi2 ( h 2 - a2xcY,2) 

4 1 3  
- E  (&h,2 qh,3) + qm,3 

(B18’) 
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E 2 2  mi?2 
- kiri,i - Xa,ihi) - E2(Qa,i + qh,i) (i = 3,4,. . .,N-2) (B20) 

R2 

0 = (E1)i+l(hi+2 - 2hi+l + hi) - 2(EI)i(hi+l - 2hi + hi-1) 

+ (EI)i-l(hi - 2hi,l + hi-2) - e4rni?2 2 (hi - 

1 3  (i = 3,4,. . .,N-2) (B21) 4 - E (Bh,i + qh,i) - Z E  (qm,i-l - qm,i+l) 
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In addition the following equation, which results from equation (Bll) ,  was  used to 
eliminate hN+l from equations (3323) and (B25) 

Antisymmetric Modes 

In the antisymmetric case the constraints on the motion are 

where OF and hF are the pitch and plunge of the fuselage, respectively. Since the 
wings are rigidly attached to the fuselage, 

where 2 is the fuselage diameter. Then as a consequence of equations (B27) and (B28) 
and assumption (6), the antisymmetric constraints take the following form: 

sin A 
(h2 - ho) 0 = OF = COS A - 

sin A + ( h2 - ho) 
2E 

where 
- 
d d = -  
1' 

Equations (B29) and (B30) together imply 

1 tan A 
O 1  = Z(h2 - ho> ER 
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h = -  1 d(h2 - ho) 
4 E cos A 

and their variation gives 

1 tan A 8iwl = z(bh2 - bho) - ER 

d(  6h2 - 6ho) 

6h1 = z  E COS A 

Again, equation (B11) must be valid for all independent variations of hi and oi which 
satisfy equations (B34) and (B35); hence, the governing f inite-difference equations for 
antisymmetric flutter are obtained as follows: 

1 2 1 2 2 2 tan2 A 1 2 2 tan2 A 
4 8 R2 16 R cos A 

- - (GJ)3/2 tan A + - ra, le 51 m1 - - - m x de 52 

tan A h2 - 1 (EI), d h 3  cos A +--E 1 3  q 
16 1 1 a71E R cos A E 4 m,l  

J 4  

1 - - m  d x  
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- E2(Qa,2 + %,2) 0337) 

- 2h2 + h2 - '9 + (EI)3(h4 - 2h3 + h2) ; cos A 

+ Z(Qa,lf 1 

In addition, equations (B20) to (B25) are valid for antisymmetric modes. 

Cantilever Wing 

It is often assumed that the flutter behavior of an aircraft can be approximated by 
neglecting the rigid-body motion of the aircraft and any effect of fuselage flexibility. With 
these assumptions, the constraints on the fuselage are 
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By using equations (B13), (B29), (B30), and (B39), the constraints take the form 

a1 = hl = 0 0340) 

and 

h2 = ho (EW 

The wing is, therefore, cantilevered along a root normal to the elastic axis. Taking the 
variation of equations (B40) and (B41) yields 

and 

6h2 = 6ho 

Equations (B11) must be valid for all independent variations of ai and hi which 
satisfy equations (B42) and (B43); hence, the governing equations for flutter of a cantilever 
wing are 

- E2(Qa,2 + %,2) 

4 2  1 3  ' m2(h2 - xa,2"2) -E4(Qh,2 qh,2) + Z E  qm,3 

In addition, equations (B20) to (B25) are valid for  cantilever wing flutter. 
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EVALUATION OF ENGINE AND FUSELAGE LOADS 

A free-body diagram of the pylon-engine model is shown in figure 11. It is 
assumed that the pylon is rigidly attached to the wing at the ith finite-difference station. 
The bending and twisting deformations of the pylon are assumed to be uncoupled and 
hence may be treated separately. 

Pylon Bending 

From elementary beam theory, bending deformations of the pylon are governed by 

where (EI) is the bending stiffness of the pylon, Eie is the mass of the engine, and 

hp 
yields 

P 
is the upward vertical displacement of the pylon. Integrating equation (Cl) twice 

= Zew2hp(0) 1- ’ xO dx + Op(z) (z  - xp) + hp(E) 
L hP 

where E is the length of the pylon. , 

Evaluating equation (C2) at the engine yields 

Then, from the equilibrium of the pylon, 
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and 

where 

and Pp is the downward vertical force at  the pylon root and Mp is the moment at the 
pylon root. (See fig. 11.) For a uniform pylon, 

Pylon Twist 

From elementary beam theory, torsional deformations of the pylon are governed 
by 

- 
where EeJe represents the torsional inertia of the engine. Integrating equation (C8) 
and evaluating the result at the engine yield 

where 

For a uniform pylon, 
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2 @J)p 
Liiies, 

"T = -  

Hence from equilibrium, the torque at the pylon root is 

Continuity of Displacements, Forces, and Moments at Pylon Root 

Enforcing the continuity of displacements and rotations at the ith finite-difference 
station where the pylon is rigidly attached to the wing's elastic axis implies 

W 3 )  
- 1  @,(E) = cui cos A - hi sin A 

+,(E) = ai sin A + Gi' cos A W 4 )  

Moreover, from figure 11 

P- 

€qh,i = 'p 

L- = Mp cos A + T sin A €4, ,i P 

-- = T COS A - M sin A 'qm,i p P 

except for i = N where E/2 should replace F. Finally, substituting equations (C13) to 
(C 15) into equations (C4), (C 5), and (C 12) and then substituting the resulting equation into 
equations (C16) to (C18) yields, in dimensionless quantities, 

m 
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ai sin A cos A - --)L + hj qa,i = O2 ~ l ( a i  m €R2 d77R 
L .. 

L cos A 

- (!2/61B)2 

sin A . 

sin A - O2 L [ a i  m L  COS A 
ER 

where 

In numerically evaluating the engine loads, the following f inite-difference equations were 
employed for symmetric flutter modes: 

dhi 

drl 
-= 

r 

-Rai tan A 

hi+l - hi-l 
2 E  

. 
(i = 1) 

(i = 2,3,. . .,N-1) 

(i = N) 

d 



where 
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2 
LN 

c 

N 

and the subscript N designates the properties of an engine/pylon attached to the tip of 
the wing. The value of dh dq as expressed in equation (C22) was found from equa- 
tion (B26) and (C21). In addition 

N/ 

cu2 - @1 
E 

@N - @N-1 
€ 

For the case of antisymmetric flutter modes, 

h2 - ho .( drl E 1 d(h2 E C O S R  - h o ~ l  E 

(i = 1) 

(i = 2,3,. . .,N-1) 

(i = N) 

(i = 1) 

(i = 2) 
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k2 - k(h2 - h * ) ~ ] ~  ER E 

E3 - $(h2 - ho) ‘ ~ 1 1  €R 2€ 

(i = 1) 

(i = 2) 

Equations (C22) and (C26) are valid for i > 2. For the case of a cantilever wing 

dhi 

drl 
- -- 

b 

h3 - 
2€ 

E 

(i = 2) 

(i = 1) 

(i = 1) 

(i = 2) 

For i > 2 the expressions for  dh dq and dac may be obtained from equations il 
(C22) and (C26). 

Fuselage Loads 

Because of the similarity between the engine-pylon and fuselage models (compare 
assumptions (4) and (6)), the derivation of the fuselage loads may be readily obtained 
from equations (C19) to (C21) evaluated at i = 1. Consider the fuselage to be composed 
of two engine-pylon combinations, one extending forward and the other aft of the carry- 
through beam to which they are rigidly attached. Inasmuch as, for the case of symmetric 
or  cantilever flutter modes, the roll, pitch, and plunge of the fuselage at the carry-through 
beam are the same as those at the first finite-difference station, equations (C19) to (C21) 
with i = 1 provide the fuselage loads. For antisymmetric flutter modes, the roll and 
pitch of the fuselage and the carry-through beam are still the same; however, the plunge 
of the fuselage at the carry-through beam is zero, and that at the first finite-difference 
station is given by equation (B28). 
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EVALUATION OF THE FLUTTER DETERMINANT AND 

THE EXTRACTION OF ITS EIGENVALUES 

The value of the complex eigenvalue (frequency), 51, at a value of A, is determined 
from a Newton-Raphson iteration technique whose iterative steps are 

are the real and imaginary parts, respectively, of the flutter and (Dj)R and (Dj)I 
determinant D. whose roots are sought on the jth iterative step. The partial deriva- 
tives appearing in equations (Dl) and (D2) are computed by finite-difference approxima- 
tions. To reduce the amount of computation a marching technique, subsequently 
described, is used to reduce the flutter determinant solved by equation (Dl) to order three. 

J 

In this marching method, values of two displacements and one angle near the root of 
the wing are assumed. Through simultaneous application of all but three of the governing 
equations the displacements throughout the aircraft can be calculated from the assumed 
values. (The number of displacements and angles which must be assumed at the root is 
determined by the number of boundary conditions at the root and hence by the order of the 
governing equations, which is fourth order in h and second order in CY.) The remaining 
three governing equations, valid at the wing tip, provide the reduced flutter determinant. 
The method proceeds as follows. 

Symmetric Flutter Modes 

For symmetric flutter modes, the following procedure is used: 

(1) Set hll = 1, h21 = all = 0, where the first subscript refers to the finite- 

(2) With the values set in step (l), solve for  CY^^ from equation (B16) 

(3) With the values set in step (1) and derived in step (2), solve for hgl from 

difference station and the second to one of three assumed solutions 

equation (B17) 

36 



APPENDM D 

(4) Continue, using equations (B18) to (B28) to solve for  ~ ~ 3 1 ,  h41, ~ ~ 4 1 ,  h51, . . ., 
hN1, aN1 in that order 

(5) Set h12 = a12 = 0 and h22 = 1 

(6) Perform steps (2) to (4) calculating 

(7) Set h13 = h23 = 0 and a 1 3 =  1 
(8) Perform steps (2) to (4) calculating a33, h33, . . ., hN3, aN3 

The total solution is a linear superposition of the three assumed sets of displace- 

h32, a32, h42, . . ., hN2, aN2 

ments as 

3 3 

r=l r= 1 
hi = 2 Arhir a i =  2 Arair 

The total solution must satisfy the three remaining governing equations (eqs. (B23) to 
(B25)). Hence at a value of 51 = 51., one has 1 

(23) 
e2 

(24) 
e2 = o  

where e, (23) , e(24), and e, (25) (r = 1,2,3) are the complex values of the left-hand side 

of equations (B23), (B24), and (B25), respectively, for the r th  set of trial solutions. For 
a nontrivial solution of equation (D4), the determinant of the coefficients must vanish; 
hence, the determinant of the matrix e is the reduced flutter determinant 

Antisymmetric Flutter Modes 

For antisymmetric flutter modes, the following procedure is used: 

(1) Set h21 = 1 and hQ1 = a21 = O  

(2) Solve for hO1 from equation (B36), a31 from equation (B37), and h41 from 
equation (B38) 
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(3) Continue using equations (B20) to (B22) to solve for a41, h51, . ., hN1, aN1 
in that order 

(4) Set h22 = a22 = 0 and h32 = 1 

(5) Perform steps (2) to (4) 

(6) Set h23 = h33 = 0 and 

(7) Perform steps (2) to (4) 
a23  = 1 

The flutter determinant is then given by equation (D4). 

Cantilever Flutter Modes 

The same trial solutions are used for the cantilever flutter modes as for the anti- 
symmetric case in conjunction with equations (B44), (B45), and (B20) to (B25). 
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EVALUATION OF AND OF LAMINATED, BALANCED PLY, 

FILAMENTARY COMPOSITE WING BOX 

By employing the usual thin-plate Bernoulli-Euler assumptions and neglecting 
chordwise bending of the wing, the displacements G, ii, and take the form 

Consequently, the strains are 

If only the energy associated with the upper and lower covers of the box is considered, 
the strain energy per unit length along the elastic axis is 

where zo is the distance from the middle surface of the box (z = 0) to the outer face of 
either the top or bottom cover of the box. Substituting equations (El) to (E3) into equa- 
tion (E4) yields 
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and substituting equations (lo), ( l l) ,  (E4), (E5), and (E6) into equation (E8) yields, 

Integrating through z gives 

where 

and integrating through gives, 

N, 

86*a 33,j ( a q ) 3  

Then introducing nondimensional quantities yields 

N, ,- 

where 6* has been replaced by brb*. For high-aspect-ratio wings i t  is assumed that 
the last term on the right-hand side of equation (E13) may be neglected compared with 
the next to the last term (see ref. 13 for further explanation); hence, 

Furthermore, for a beam, 

Comparison of equations (El l )  and (E12) indicates that 
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E= 46* 2 all,jPj 
j= l  

and 

N, L 
= 16c* 

a33,j/3j 
j= l  

It is readily shown that equation (E16) is the same result derived from laminated plate 
theory and that equation (El?) reduces to Bredt's formula for a thin-walled isotropic tube 
with a rectangular cross  section in which 

j= l  

and 
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COMPUTER PROGRAM 

The computer program COMBOF was written in FORTRAN IV on a SCOPE 3.1 sys- 
tem modified for Langley Research Center and executes and loads with a field length 
specification of 60000 octal. The program is applicable to the flutter analysis (including 
rigid-body roll, pitch, and plunge) oi composite swept-wing subsonic aircraft. To aid the 
user, a brief description of the input (which is supplied in Namelist format), ai example 
problem showing input and output, a program flow diagram (fig. 4), and a complete pro- 
gram listing are provided. 

Input Description 

NAMELIST /OPTION/ 

ISYM= 1 cantilever flutter modes 

= 2  symmetric flutter modes 

= 3  antisymmetric flutter modes 

KOPT = 1 option for tracing each root locus branch up to a maximum value of X 
(DAMMAX) while ignoring the occurrence of flutter 

= 2  normal running option for parametric studies in which the root locus 
branches are traced up to flutter or a maximum value of X 
(DAMMAX) 

ISHAPE = 1 

= 2  

flutter mode shapes are computed and printed 

flutter mode shapes are not computed 

maximum number of branches to be traced (also, number of natural ILMAX 
frequencies calculated) 

IMORDER one-dimensional array specifying order in which branches are to be 
searched (e.g., 2, 3, 1, 4, 5) where the branch number is deter- 
mined by the order of the natural frequency from which it emanates 

NAMELIST /TRACE/ 

DAM h increment used in tracing each branch 

IPROCD = 1 trace of branch will continue even if Newton-Raphson method fails to 
converge within specified number of iterations 
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IPROCD = 2 search of branch terminates if Newton-Raphson method fails to con- 
verge within specified number of iterations 

ITMAX maximum number of iterations for  convergence of Newton-Raphson 
method when IPROCD = 2 

ISTOP maximum number d h increments along any branch 

DAMMAX maximum value of h above which no search for flutter is made 

DOMl increment used in the finite difference evaluation of the partial 
derivatives appearing in the Newton-Raphson method 

NAMELIST /INOUT/ 

M o r  JX= 1 

= 2  

display of two separately controlled sets of intermediate output 

no display of two separately controlled sets of intermediate output 

multiple parameter studies on one computer run N = l  

# 1  single parameter study 

NAMELIST /PLAN/ 

SPAN = i 
The following six symbols denote one-dimensional arrays which prescribe wing 

properties at each finite-difference station on the wing: 

A = i i  

B = 6  

sw = Ea 

RGSQ = Fa2 

BCH = 2f? 

ZT = ZT 

Q 
SWEEP sweep angle A of elastic axis in radians 

N 

CL one-dimensional array prescribing c at each finite-difference 

reduced stiffness matrix supplied by column 

number of finite -diff erence stations along elastic axis 

1, station 

AC one-dimensional array prescribing ac at each finite-difference 
station 
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NAMELIST /ENGINE/ 

The following six symbols denote one -dimensional arrays prescribing engine, 
pylon, or fuselage properties of each engine or fuselage: 

-3  L . .  ENEI = - 

ENJ = ze 
ENM = Ee 

PYL = E 
LOC f inite-difference stations at which pylons a re  attached. As discussed 

in appendix C, the fuselage is simulated by two engine-pylon com- 
binations, both having LOC = 1 but one extending fore and the other 
aft of the carry-through beam. 

NENG total number of engines (including the number of fuselage lumped 
masses) 

NAMELIST /DESIGN/ 

EIREF = (EI), 

EMREF = mr 

R H O = p  

RXOBAR 

BREF = br 

mass density of composite material 

WTI one-dimensional array prescribing nonstructural weight per unit 
length of wing along elastic axis 

LOW during a parameter study, periodic checks are made for discontinuities 
in lowest flutter speed by tracing all root locus branches starting 
from h = 0; a count is kept of number of successive parameter 
increments for which no check is made and a check is initiated when 
this count equals integer value of LOW 
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NL number of layers of composite material in top o r  bottom covers of 
wing box 

DB diameter of fuselage 

G acceleration due to gravity 

NAMELIST/ PARBM/ 

Two types of automatic parameter studies are available to the user. In the first 
option, ISTIFF = 1, the program internally calculates a, a, and E of the wing. 
The user supplies the engine properties in NAMELIST /ENGINE/ and the initial thick- 
ness distribution and filament orientation as functions of 77 in a rectangular array AA; 
that is, 

Equations (Fl )  and (F2) are employed in calculating E, G, and E. During the 
parameter study, specified elements of AA are incremented causing n, m, and E? 
to be incremented. 

In the second option, ISTIFF = 2, the program increments engine, pylon, or fuse- 
lage properties and the user supplies @, =, and 75 in NAMELIST /STIFF/ and 
the initial engine-pylon o r  fuselage properties in array AA. (See listing of subroutine 
EVAL2 for  details.) 

KVT number of elements of array AA which will be simultaneously ’ 
incremented during study 

KV1 ,KV2 two one-dimensional arrays providing row and column designa- 
tion, respectively, of elements of AA which are to be incre- 
mented during study 

DEL 

MAX 

one-dimensional array providing increment size of each element 
of AA specified by KV1, KV2 

maximum number of parameter increments to be performed 
during study 

NAMELIST /STIFF/ (To be used only if ISTIFF = 2) 
- 

EM,EI,GJ one-dimensional arrays which provide E, EI, and at each 
finite -diff erence station 
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NAMELIST /NATFQ/ 

os starting value of GtR, used to search for natural frequencies of 
aircraft 

OE maximum value of OR during natural frequency search 

ODEL step size of OR used in natural frequency search 
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Program Listing 

- 
___ PROGRAM C OMBOF ( I N  P U T  t OUTPUT t T A P  E 5= I N P U T  9 T A P  E 6=0 UTP UT ) A 1  

C A 2  
C COM-POSITE W I N G  BOX F L U T T E R  - A 3  
C 4 4 
C NASA LANGLEY R E S E A R C P  CENTER PROGRAM 4 3 7 8 8  A 5  

___ C WING I N  S U B S O N I C  F L I G H T  A 6  
C A 7  
C R H O = A I R  D E N S I T Y  A 8  
C M l N G  PLANFORM - I N P U T  A 9  
C A 10 

- C S P A N  A 11 
C A = O F F S E T  OF E L A S T I C  A X I S  F R O C  SEMI-CHORD A 1 2  
C BCX BEAM CHORD - B C H ( N t i C A L  P C I N T )  A 13 

- _ _ _  C K G S Q - R A G I U S  OF G Y R A T I O N  ABOUT E L A S T I C  A X I S  A 14  
C SWzOFFSET OF C.G. f R C M  E L A S T I C  A X I S  A 1 5  
C EM=WING MASS PER U N I T  S P A N  A 1 6  
C t I = W I N G  B E N D I N G  S T I F F N E S S  4 17  

______ C E I R E F t E M R E F = R E F f R E N C E  B E N D I N G  S T I F F N E S S  AND M I N G  M A S S  R E S P F T I V E L Y  A 19 
C R R E F z R E F E R E N C E  W I N G  SEMI-CHORD A 20 
C Z T =  ONE H A L F  T H E  D I S T A N C E  RETWEFN TOP AND BOTTOM COVERS A 2 1  
C PHOBAW=WI NG BOX C O M P C S I T E  M A T E R I A L  D E N S I T Y  A 22  
C hL=NUMBER OF L A M I N A S  I N  TOP OR BOTTOM W I N G  BOX COVERS A 23  
C W T I = W E I G H T  OF W I N G  PER U N I T  S P A N  ( N O T  I N C L U D I N G  C O M P O S I T E  W E I G H T )  A 2 4  
C G - A C C E L E R A T I O N  DUE TO G R A V I T Y  I N  A P P R O P R I A T E  U N I T S  4 2 5  
C D B = D I A M E T E K  OF F U S E L P G E  A 26 
C Q=REDUCEC S T I F F N E S S  M A T R I X  A 27 
C A 2 8  
C E N G I N E  D A T P  - I N P U T  A 29  

A 30 
C E N G J = T O R S I O N A L  ST I F F k E S S E S  OF PY LCNS A 3 1  

A 3 2  t E N J = T O R S I O N A L  I N E R T I A  O F  E N G I N E  
C NENG=NUMBER O F  E N G I N E S  ( I N C L U D E  F U S E L A G E  I N  COUNT)  4 3 3  
C LOC=NGDAL L O C A T I O N  OF E N G I N E  A 34  

A 3 5  
A 36  C ENM= E NG I N  E MASSES 

C G J = W I N G  T O R S I O N A L  S T I F F N E S S  A l a  

-__- 
____ C E N E I = B E N D I N G  S T I F F N E S S E S  OF P Y L O N S  - 

__ _ _  _ _ _ _ _ _ _  
___- 

__. C - P Y L = P Y L O N  L E N G T H  ________ 
. - 7  

__-___ 
L 3 f  
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' t  A 5 1 -  
C I N O U T  D A T A  IS I N  N A M E L I S T  FORM A 52 - 
C A 53 

N A M E L I S T  / O P T I O N /  I S Y M ~ K O P T T I S H A P E I I L M A X , I ~ ~ R D E R  A 54 
N A M E L I S T  /TRACE/  DAM, IPROCD. ITMAXI  I S T O P , D A M Y A X t D O M l  A 55 
N A M E L I S T  / I N O U T /  I X I J X I ~ Y  A 56 
NAMEL I S T  / P L A N /  S PANIAI B~SW~RGSQIBCH,ZTVQI SWEEP ~ N I C L  VAC A 57 
NAMEL I ST / E N G I N E /  ENE I I EAG J 9 E N  J , E NMI PY L r1nC t NENG A 5R 
NAMEL I S T  / DES I G N /  E I R E F I  EMREFr R H O ,  RHO BAR BR EF W T I  LOW rNL *OB 16 A 59 
N A M E L I S T  /PARAM/ I S T I F F I A A T K V T I K V ~ ~ K V ~ ~ D E L I M A X  A 60 
NAMEL I S T  / S T  IFF/ EM9 E 1  G J  A 61, 
NAMEL I S T  /START/ .  O B E G I N ~ L B E G I N  A 62 
N A M E L I S T  /NATFQ/  O S t O E t O O E L  A 63 

1 R E A D  O P T I O N  A 64 
READ TRACE A 65 
R E A D  I N O U T  A 66 
READ P L A N  A 67 
R E A D  E N G I N E  A 68 
READ D E S I G N  A 69 - 

A 70 R E A D  PARAM 
IF  ( 1 S T I F F . E Q e Z )  R E A D  S T I F F  A 71 
Ik ( I S T I  FF EQ 1 .AND. N L  EQ.0) READ ST I F F  A 72 

C A 73 
C FOR F L U T T E R  SET tfORC=l - A 74 

A 75 IFCIRD=l 
I S T =  I FORD A 76 
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A 78 I S T A R T = 3  
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. __ -. -- P R I N T  - 5 0 ,  ( I , R C H ( I ) ~ Z T ( I ) ~ W T I ( I ) I I = ~ ~ ~ U )  ~- A 94 
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I F  ( N L - E Q - O )  P R I N T  47 A 103 
A 104 

P R I N T  44 A 105 
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I E  RRO R=O A 114 

__-_-_____ ~ _ _ _ ~  

--__---__ 

I F  ( N L e E Q o O )  GO T O  7 ____ - 

I E K R S = O  - -~ -. _____ _A_ 1 4 2 -  

48 



APPENDIX F 

C A 116 
A 117 C NON-0 I MENS1 O N A L I  Zti 
A 118 C 

RBREF=l .  / B R E F  A 119 
AR=SPAN*RBREF A 120 
R E I R E F = l .  / E 1  R E F  - A 1 2 1  

- WAR= OBAW SPAN A 122 
h s = 3  0 1 4 1 5 $ 2 6 5 8 9 7 9 * 6 P  EF*BREF*RHO/EMREF A 1 2 3  
R E M R E F Z l .  /EMREF A 124 
00 8 I = l t M U  A 125 
B(I)=B(I I *RBREF A 126 
A I I )  = A  ( I I *RBREF A 127 
S M ( I ) = S W ( I I * R B R E F  - _  A 128 

-____ __ 
I__ _- - __-_____I 

~- 8 -____- R G S Q (  -- I I = R G S Q ( I  ) * R B R E F * R B R E F  A 129 
A 130 P R I N T  35 

F R I N T  38 A 1 3 1  
A 132 P R I N T  26 t (1 ,  A (  f 1 - 8 1  I I t  S W I  I I t R G S Q  L I I p I = l r  MU1 

I F  (NENG-EQ.0) GO TO 10 A 133 
DO 9 I = l t N E N G  A 134 
k N E I (  I 1 - E N E I  ( 1  I * R E I R E F  A 135 
E N G J (  I l = E N G J ( I  I * R E I R E F  A 136 
E N J (  I l = E N J ( I  l / ( S P A N * S P A N )  - A 137 
E N M ( I ) = E N M L I ) * R E M R E F / S P A N  A 138 

9 F Y L ( 1  ) = P Y L ( I  l * R B R E F  A 139 

1 0  I F  ( I S T I F F . E Q ~ l . A N D o ~ L . G T o 0 1  GO T O  12 _ _ _ - ~ _ _ -  A 141 
DO 11 I Z l v M U  A 142  

__- t I ( I ) = E I I I l * K E I R E F  ___ 4 143 
G J I I ) = G J ( I I * R E I R E F  4 144 

11 EM( I )  =EM( I ) *REMREF A 145 
-_ 1 2  C O N T I N U E  A 146 

_____ P R I N T  399 A R v R K A P P A  A 148 
P R I N T  5 1  A 149 
AR=AR/  E L  A 1 5 0  
D O M l = D O M l / E L * * 2  A 1 5 1  

- CAM=DAM/ E L * * 3  4 1 5 2  
DBAR= OEAR * E L  A 1 5 L  

- C PHE C A L C U L A T I O N S  FOR E N G I N E S  A 1 5 4  
I F  INENG.EP.01 GO T O  1 4  4 1 5 5  
DO 1 3  I J = l t N E N G  A 156  
ENM( I J l = E N M (  I J  ]*EL A 157  
E N J (  I J ) = E N J (  I J l * E L * E L  A 158 

C 1 / B P Y  = F l R S T  B E N D I N G  FREQ. OF P Y L O N  A 159 
C l / D P Y  = F I R S T  T O R S I O N A L  FREQ. OF P Y L O N  A 160 

BPY ( I J i = PY L ( I J * P Y  L ( I J I *PYL ( I J  1 *ENM ( I J 1 / ( 3 * € N E  I f I n-1-R- 
CP Y- A 162 

A 163  
1 4  C O N T I N U E  A 164 
C A 165 
C C A L L  E V A L l  T O  PREPROCESS E I I G J  AND EM I F  I S T I F F - 1  A 166 
C A 167 C A L L  E V A L Z  TO PREPROCESS E N G I N E  O A T A  IF fSTlFF=2 
C A 168 

IF ( I S f  T 4 169 
I F  LIST1 F F e E Q - 2 1  C A L L  E V A L Z  I A A )  A 170 
P R I N T  36 

..__- - 

__ __ 

P R I N T  3 1 9  ( L O C (  I )  q E N E I (  I I r E N G J ( 1  I r E N J ( I 1  t E N M ( 1  I r P Y L t  I I v I = l , N E N G )  A 140 

4 147 - ~ . -  k K A P P A = l .  /RHO 
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-___ 
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- . _ _ . _ ~  I Y U l = M U t l  A 1 7 L  
4 173 

. _ _ _ . _ ~  I F  ( ISTART.NE.3 )  GO TO 1 5  A 174 
C A L L  N A T R L  ( I L M A X  'OS ,OEIOOEL 1 - A 175 
mm42,  I O M I I I ) , I = Z I I L M A X I  P 176 
I M = L  A 1 7 7  

1 5  C A L L  R L F  1 0 B E G I N *  LBEC- IN,  I S T A R T '  I L M A X I  I M v  IMORDER 1 A 178 

1 ~ EF*RHO 1 1 - A 180 
___ I F  ( IERRORaEQ.OI  P R I N T  46, V -_ A L E 1  

P R I N T  5 1  A 182 
______---- A 183 I T = 1  

___ K X = 1  _ _ ~  A 184 
A 1 8 5  

C _ _  A 186 
__- C -- INCREMENT PARAMETER A 187 

C A 188 
DO ____ 24 KZ=l . fMAX A 189 

A 190 
__ I E R R S = O  ___ __- A 191 

.- __ C A L L  VARY I A A I K V l  r K V 2 r  KVTI DEL ,  W T I  , NL t I S T I F F  ) A 192 
__ ___ I F  ( I S T I F F - E Q - 2 )  P R I N T  4 8 ,  I L O C (  I ,ENEI( I 1, E N G J I  11 r E N J (  I J r E N M (  I 1 , P  A 193 

1 Y L (  I) 9 I = l ~ N E N G L  A 194 
4 195 

11 A 197 
I F  __ I I S T I F F o E Q . 2 )  GO TO 17 A 198 - 
P R I N T  44 A 199 
DO 16  I = l r 8  A 200 

16 - P R I N T  339 l A A 1 1 1 J l t J = l r N L )  A 201 
___ GO TO 19 A 202 

A 203 17 P R I N T  45 
A 204 

18 P R I N T  339 L A A ( I 9 J I r J = l , N E N G I  A 2 0 5  
15 C O N T I N U E  A 206 

--___ I F  IKX.LT.LOW) GO TO 20 A 207 
A 208 

-__ - KX=G A 209 
A 210 

~~- -~~LE;ATK~- ( ILYAx,os ,oE ,GDEL -__- ___ A 2 1 1  
P R I V T  42, I O M l I I )  t I = l r I L M A X 1  A 212 

- 22 C A L L  R L F  ~ I U B E G I N I L R E G I N I  I S T A R T ,  I L M A X ,  I M ,  I M O R D E R I  A 213 
V = S O R T ( L B E G I N * E I R E F / I S P A N * * 3 1 / 8 R E F e 3 . 1 4 1 5 9 2 6 5 8 9 7 9 + ( ~ R E F ~ ~ R E F ~ / ( E M Q  4 214 

. - _  - -- P R I N T  ___ 37, I I v E I ( 1  ) r G J I  I I , E M I I ) , C L ( I ) r A C (  I ) r I = l r Y U t  ______ 

V=SQR T I L B E G I N * E I R E F /  I SPAF;**3) / B H E F * 3 . 1 4 1 5 9 2 6 5 8 9 7 9 *  I B R E F * B R E F  l /  (EMR A 179 

______ _____ IF (MAXmEQ.0) GO T O  25 

-__ -__ - _- I F  I I E R R S . G T . 2 . A N O e K O P T . E Q . 1 )  GG TO 24 

-_ I F  I I S T I F F a E Q e l J  P R I N T  36 _ _ _ _ _ _ ~  
~ _ _ _  If ( I S T  I f  F o E 4 - 1  I P K  I N T  379 I I t  E I I I I r G J (  I 1 * E M (  I I r C L u ~ A C  ( I 1 t I=l ,MU A 196 
~ - _ _ _  

.___ 

_____ - . - - - - __. DO 1 8  I = l r 5  ___.____ 

_____ __ I START=3  

.___. 
2 6  I F  ( I S T A R T e E Q o Z )  GO TO 22 

- ___ 
1 E f  +RHO 1 I A 215 

A 216 
- PR 1% T-%- ~ A 217 

A 2 1 8  K X = K X + 1  . 
I F  ( IOPT.EQ.1 )  GO TO 23  A 219 

__-- 23 1 E P R S = I  ERRS+IERROR A 220 
IF (1ERRS.GT.Z) GO T O  24 A 221 

.___ 24 C O N T I N U E  A 223 
2 5  IF ( I Y - E Q o l I  GO T O  1 A 2 2 4  

STOP- - A 225 

P R T X - T V Z V  _-__ 

_____ 

-_ IF--(IERROR.GTeO) GO TO 2 1  A 222 
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C A 226 

A 228 

- 
26 FORMAT (lHlv35X~6HCOVBOF~3X~28H(COMPOSITE W I N G  B O X ~ U T T E R  ) 9 / , 3 5 X ,  A 227 - 

142( l H * I t / / / )  

A 233 
L__- 

24 
30 FORMAT ( / I  t 15x9 SHDOM l = r  E 16-89 5x1 4 H D A M z r E l 6 -  8 ~ 5 x 9  7HDAMMAXs r E 1 6 e 8 / / J  A 234 

_- 3 1  FORMAT I / / r 4 0 X , l l H E N G I N E  O A T A , / / , 3 X , 4 H N O D E * 6 X I 4 H E N E I , l Z X 9 4 H E N G J I 1 2  A 235 
~ X I ~ H E N J I F ~ X I ~ H E N M ~ ~ ~ X ,  3 H P L Y , / r  11X114rlX~E16o8,2XIEl6o8~ZX~~l6.8,,2 A 236 

- FORMAT ( / /  r 1 5 X r 2 4 H R E C U C E C  S T I F F N E S S  M A T R I X  ,/ t 13 ( 2 X  9 E 16.8 br- 
.____ __- 

2x1 E16.89 2x1 E 16 8 1 J A 237 

1 6 . 8 , 8 X , 6 H E M R E F = ~ E 1 6 . 8 r B X 1 5 H B R E F = , E l 6 o 8 / / !  A 239 
33 FORMAT ( 8 ( 2 X , E l 5 e 8 ) 1  A 240 

- 3 4  FORMAT ( / / , ~ O X I L ~ H D ~ M E N S I O N ~ L  I N P U T i / r 2 0 X 1 1 7 ( l H f ) r / /  I A 241 
A 242 

1 r 2 H A C  A 244 
37 FORMAT ( 5x9 1294x9 E16 e 8  9 2X r E 1 6 . 8 ~ 2 X 1  E l 6 . 8 , 2 X , f  1 6 . 8 9 2 X  E 1 6 . 8 1  A 245 

A 246 

A 248 
4 O P - T 0 R M A T  ( /  t 5 X v 7 H O B E G I N = r  2 E 2 0  e 89 5 X t  7 H l B E G I  N= p E 2 G -  8 /  1 A 2 4 9  
41 FORMAT [ /  , ~ X I ~ H I P R O C O I Z X ~ ~ ~ H I T M A X  I S T O P  I S H A P E  ISYM_-  I S T A R T  A 250 

A 2 5 1  
42 FORMAT ( / , 5 X v 2 3 H E S T I M A T E S  OF NAT, F K E Q . , 2 ( 3 X , E r 6 . 8 l , / , ( 3 ( 3 X , ~ 1 6 . 8 )  A 252 

A 253 
A 254 

L C A T R I X  C U L U M N ) r / /  1 A 256 

32 FORMAT ( / / r 1 5 X 1 4 H R f l O = r  E16.89 10x1 7HRHOBARzr E16.89//rl5XibH~IREF=rEl A 238  

L_- 

35  FORMAT (//r20Xe2lHNON-O1MENSIONAL I N P U T J r  20x1 21(1H* J r / / l  
36 FORMAT ( / / r l X t 9 H N O D A L  P T o  t 10x1 2HE I r l 6 X t 2 H G  Jv16Xv2HErYI  t 1 6 X v 2 H C L q  t I 6 X  A 243 

-- 

_ _ ~  
38 t O R M A T  ( 1 x 1  9 H N O D A L  P T o  v 10x1 1 H A  v 1 7 X 1 1 H B  9 1 7 X 9 2 H S  W ,_L5X9 4 H R G S Q L  
3 9  FORMAT I / / t 3 5 X , 1 3 H A S P E C T  R A T I O = , E 3 6 * 8 r S X ,  1 9 H M A S S  R A T I O = I / K A P P A r t E l  A 241 

___ 
- __._ 

16.8// b 

__ _. _-- 
1 

1)) 

I LMAX KOPT, / 98 1 4 X  9 14) v /  1 _ _ _ -  
.-___ 

- 
FORMAT ( / / / 9 2 0 X ,  2 3 H N O  E N G I N E S  ON T H E  WINGS,  / / J  

4 4  FORMAT I / / r 2 5 X v 6 2 H E L E M E N T S  OF M A T R I X  AA ( I S T I F F = l ,  ONE L A M I N A  PER A 2 5 5  
- ._____ 

45 FORMAT ( / / r 4 0 X t 2 l H E L E M E N T S  OF M A T R I X  A A , / , l O X v 8 8 H (  I S T I f F = 2 ,  ONE E N  A 257 
. _- 
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____ _ _ _  S U B R O l r T I N E  E V A L l  (AA IWTI INL I  B l  
COMPLEX OMIAL 9 WI E r O B E G  I N  5 2  
Q C A l  I A M $ & n A - f  RECThl  

C CUMPUTES k E I G H T  OF WINGIMASS A N D  PREPROCESSES E 1  AND G J  E 5  
r 

___ 

C W T = W E ~ G ~ ,  ur niiuo 

r 
C T H E T A = A N G L E  OF F I L A M E N T  

c 

b D I A  
COMMON / /  IXIJXI  I ERRORIKOPT/CUM/CMILAMBDA~RHCII E M ( 6 0 )  9 € I (  6 1 1 1 G J t  61) R 1 2  

8 1 3  
B 14  

1 t A (60 1 9  8 (60 I I SW (60 I 9  AR rRGSQ(  60 1 r Y U  r E  ( 3 93) t HI 60) V A L  (60) INN* SWEEP r I  P 
2ROCD , I TMAX I I SYMeCL I 90) I AC ( 901 / B L K l  /RHOBAR+ SPAN, BCH (60 11 G/8LK2/  0 ( 3 ,  __ 
3 3 ) r Z T  (60) ~ E I R E F I E M R E F I O E E G I N ~ L B E G I N  B 1 5  

U I M E N S I O N  A A ( 8 r 4 1 ,  W T I  (60) B 16 
IF (NLoEP.0 )  R E T U R N  B 1 7  
03=1. /3. B 1 8  - 
SMIJ=S PAN/ ( MU-1 1 R 19 
W T z . 0  B 20 
IF (JX.EP.2) GO T O  1 8 2 1  
P R I N T  7 B 22 

1 50 6 I = l I M U  B 2 3  
X = t I - l ) * S M U / S P A N  B 2 4  
X l = I  I - 2 ) * S M U / S P A N  6 2 5  
X 1 2 =  X -. 5*S MU/S PAN 9 26 
CHORD=BCH( S I  R 27 

IF I I .GT. 11 CHl=BCH( 1-1  1 B 29 
- 822=. 0 R 30 

B 3 1  
R 32 

- T=oO 0 33 
B 34 

Z J M 1 2  ( Z T ( 1 )  +ZT ( 1 - 1 )  ) * e 5  B 35 
2 - T 1 2 = .  - -- 0 B 36 

B 3 7  
B -38 

T J 1 2 = 4 A  (1 9 I A I  * (1. + X l 2 * A A  ( 2  9 I P J I +AA (39  I A *S I N  ( A 4  (41 I A  1 * X I 2  1 B 39 

T H E T A 1 2  = A b  ( 5 9 I A 1 * ( 1 +X l Z + A A  ( 6 9  I A 1 1 +AA ( 71 I A  * S  I N ( AA ( 8 9 I A * X I 2  I B 41 

C H I  = C HOR D B 2 8  

-____ ___- 833% 0 
__ -~ ~ _ _ _  Z J M l Z = Z J M l = Z T ( I  1 

- - 

__- DG 4 1 4 - 1  r N L  
T J = A A  11 9 I A )* ( 1 

_ _  
+X*AA ( 2 r  I P 1 1 +AA ( 3 9 I A I * S I  N ( A A  (49 I A ) * X I  

R - 4 0  

a 42 

___ 
T-A- 

____ - T T X . € Q e 2 1  GO T O  3 
-. .. 

___ - 
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___ __ P R I N T  8, X,T,THETA B 43 
-______ 3 C A L L  TRANS ( T H E T A v A l l r A 3 3 1  B 44 

B 45 
- Z J 1 2 - 2  J M l E + T  J12 - B 46 

B f  T A = 0 3 * (  Z J * * 3 - Z J M l * * 3  1 B 47 
___ B E T A 1 2 = 0 3 * (  Z J 1 2 * * 3 - 2  JM12-3 b - B 48' 

C M U L T I P L Y  BY 2 FOR S Y M M E T R I C  S E C T I O N  8 49 
62258 22+2 -*A 1 1 * 5 E  TA B 50 
833=833+2* * A 3 3 * B E T A 1 2  B 5 1  

--_____ L J M l = Z J .  B 52  
Z J M 1 2  = Z J 1 2  B 53  

B 5 4  T 1 2 = T 1 2 + T J 1 2  
B 55 4 T=T+TJ  

C COMPUTE S T I F F N E S S E S  OF WING - B 56 
E I I I ) = 8 2 2 * C H O R D / E I R E F  B 57 
CH12=.5*1CHORD+CHl  B 5 8  
G J (  I l = 4 . * 5 3 3 * C H 1 2 / E , I R E F  i3 59 

__ IF ( I o E Q . 1 )  GO TO 5 B 60 
WT=WT+SMU+(CHORD*T+CHl*TP)*RHOEAR*G+SMU*( k T I (  I I+WTI( 1-1 I I * 0 5  B 6 1  

~ _ _ _  5 TP= T R 62  
E3 63 

C P R I N T  1 q W T  6 64 

- c  B 66 

8 FORMAT ( 3x7 E 16.8 t 44 2 X  r €16.8 1 ) B 6 8  

__-_ Z J =  Z J M l + T J  

____ 
____ 

6 EM( I I = C H O R D * R H O B A R * 2 . + T / E M R E F + H T I ~  I ) / G / E M R E F  ______ 

RETURN I B 65  
1 

7 FORMAT 

END B 69- 

( /  9 10x1 1HX v 1 5 x 1  2 H T 1 1 1 5 X e  6 H T H E T A l  r 15x1 2 H T 2 r L  5X t EHTHE TA2  9 /! B 67 

_.- -_ ~ -____ 
- ._ - - . S U B R O U T I N E  E V A L 2  (G-1 _________ c 3.- 

c 2  
C 3 
C 4 
C 5 
C 6  
c 7  

__-_____ . -- C I M E N S  I O N  AA ( 8 t 4 1 
COMMON /CUP/  OMILAMBDAIRHOI EM( 6 0 1  I E 1  ( 6 1  19 G J  ( 6 1  1 r A t  65 ) r B(  60 1 v SW(  65) 

2 ,  AR, RGSQ I601 MU, E (  39 3 1 I W ( 6 0 )  V A L (  60) r NNI S k E E P  t I PROCD, I T M A  X I  I SYM,CL( 
2901 9 A C ( 9 0 1  / P Y L O N / B P Y  ( 1 0 1  r C P Y ( 1 0 )  r DPY ( 1 0 )  rkNJI10  ) r E N M I  10)r  E N E I (  1 O ) r  

- 

3 ENGJ ( 10 1 t P Y L  I13 ), LOG ( 10 1 r NENG 

r " e .  
COMPLEX OM,WIAL~E ____--___ 

- L ____ --_____L 
c 9  .- P 111 

__- C PREPROCESSOR O f  E N G I N E  P R O P E R T I E S  _ _ - ~  

c END c 22- 
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D 52 
7 FORMAT 1 / v 3( 3x1 E l  6 0  8 b I D 53 

- e FORMAT ( /  r 3 X  (3( E16.8 9 2 X  f J I D 5 4  
D 5 5 -  ._ - END 
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_ _  - - 
_ _  ___  S U B R O U T I N E  VARY I A A I K V ~ ~ K V Z , K V T I D E L I W T I * N L ~ I S T I F F )  E 1  
______ D I M E N S I O N  A A ( 8 1 4 1  I WTII60), K V l ( 4 ) r  K V 2 ( 4 ) r  DEL(41 E 2  

E 3  00 i I = l , K V T  
I l = K V 1 (  I I E 4  
1 Z = K V 2  ( I  1 E 5  

1 A A (  I l r  I 2 1 = A A (  I l r  I ZI+DEL( I i E 6  
I F  ( I S T I F F - E Q * l )  C A L L  E V d L l  ( A A I W T I I N L )  E 7  

- IF (1STIFF.EQ-2) C A L L  E V A L Z  ( A A )  E 8  
_- HETURN E 9  

___I 

END E 10- 
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_ _ _ - _ - -  
____. S U B R O U T I N E  ___ R L F  ( O B E G I N r  L S E G I N v  I S T A R T I  I L M A X I  14, I M O R D E R )  F l  
_- C S U B S O N I C  F L U T T E R  O F  E 1  - G J  WING F 2  

F 4  
R € A L  LAMBDA t L B E G 1  N * L A M  F 5  

COMPLEX E T C M ~ H O L D ~ C D E T ~ C S D E T ~ D C Y ~ W ~ A L ~ W W ( O O I ~ A A L ( ~ ~ I T B B D I ~ B B ~ ~ ) ~ Q W ~ F  3 
1h 9 Q A L  rOrOB.EG IN 

COMMON / /  I X I J X ~ I E R R O R ~ K O P T / C U M / D M ~ L A M B D A T R H ~ ~ E M ( ~ O ) T E ~ ( ~ ~ ) ~ G J ( ~ ~ )  F 8 
1 9  A (  60 ) r B ( 60 t r SW( 60 I r AR 9 R G S Q ( 6 0 )  *MU r E  ( 3 r3) 9 
2ROCD9 I . T M A X ~ I S Y M ~ C L ( ~ O ) ~ A C ( ~ O ) / S T A T I C / I S T ~ A L O T C M A C ~  E L ?  I S H A P E / P Y L O N /  F 10 
3 B P Y  ( 1 0 )  F 11 
4 L O C ( l O )  r N E N G / F R E Q / O M 1 ( 5 )  r D O M l r  D A M s C M M A X l r T O A M I D A H M A X  F 1 2  

C c * ¶  

H( 60 r AL (60) r N N  9 SWEEP I I P 

C P Y  (10) 9 D P Y (  10 1 r E N J (  10 1 r E N M (  10) r E N E I  ( 101 r E N G  J(  10) r P Y L (  10) 9 

F 

- 7 A 3  

N A M E L I S T  / D E B U G l /  XIY F 14  
C I= 1 F  . *I 

C A = O F F S E T  O F  E L A S T I C  A X I S  FROF” S E M I  C H O R O / S E M I  CHORD F 16  
C AK=R ECUCED FREQ.=SEM I CHORD*FR EQ,/VELOC I T Y  F 17 
C AL=POSo L E A D I N G  ECGE U P  W I N G  T W I S T  - F 1 8  
C B=SEM I CHORD/WING S P A N  F 19 
C C =  THEOOORSEN L A G  F U h C T l O N  F 20 
C D Y N A M I C  PRESSURE=ONE H A L F  T H E  A I R  D E N S I T Y * V E L .  SQD. F 2 1  
C E I = B E N D I N G  S T I F F N E S S  OF & I N G / R E F E R E N C E  €1  F 22 
C E L = S P A N / F I N I T E  DI FF. S P A C I N G  F 23 
C EM=MASS PER L E N G T H  O F  S P P N I R E F E R E N C E  MASS PER L E N G T H  O F  S P A N  F 24 
C G J = T O R S I O N A L  S T I F F N E S S  O F  W I N G I R E F E R E N C E  E 1  F 2 5  
C L AMBD A=2 * DY N A M I  C PR E SS U R E * S  PAN CU BED* S EM I CHORD/ RE F E I F 26 
C MU=NO. O f  F I N I T E  OIFF. NODES F 27 

C R H O = P I * S E M I  CHORD S P U A R E D * A I R  D E N S I T Y / R E F .  MASS PER U N I T  SPAN F 29 
__ C SIU’zOFFSET OF C e G e  FROM EL. A X I S / S E M I  CHORD f 30 
- C S k E E P = A N G L E  OF W I N G  SWEEP ( R A D I A N S )  F 31 

C Ir=POS. UPWARC W I N G  D E F L E C T I O N  __-__ F 32  
r. FI > ¶  

C RGSQ-SQ- OF THE R A D I U S  06 G Y R A T I O N  ABOUT EL, A X I S / S E M I  CHERD SOD. F 28 

- r J J  - 
C k I N G  MAY H A V E  TWO E N G I N E S  F 34 
C E N E I = B E N D I N G  S T I F F N E S S  OF P Y L O N / R E F E R E N C E  E 1  F 35 
C E N G S = T O R S I O N A L  S T I F F N E S S  OF P Y L O N S / R E F E R E N C E  E 1  F 3 6  
C E N J = T O R S I O N A L  I N E R T I A  OF E N G I N E / ( S P A N * S P A N )  F 37 

- C E N M = E h G I N E  MASS/W I N G  MPSS F 38  
C P Y L = L E N G T H  OF P Y L O N / S E M I  CHORD F 39 

1Y2*( x1-x2 1 + Y l * Y 3 * 1  X 3 - X l l + Y Z * Y 3 * ( X 2 - X 3 )  ) F 41  
I L L = O  F 42 

F 43 
GM=OB EG I N / ( t L * E L  1 -- F 44 
C A M B D A = L B E G I N / (  E L * E L + E L  1 - - _ _ _ c _ _ ~  F 4 5  

F 46 
I E R R O R = 4  F 47 

- R E T E  F 48  
1 HOLD=OM ~ F 49 

F 50 
GO T O  9 ’ - F 5 1  

F 52 

ABSCISA(X3rXZrXltY3rYZ,Yl~=X3+( I Y l * Y 3 - Y 2 * Y 3 ) * (  X 3 - X l ) * ( X Z - X 3 )  ) / ( Y l *  F 40 

_- _ _ ~  I F  ( I S T A R T e N E - 2 )  GO TO 2 - - - _ _  . - . 

__ -- 
I F  (LAMBDAeGTeO.)  GO TG 1 ________ - - 

D A M M A X l = D A E M A X / ( E L * E L * E L )  - _ _ ~ _ _ - -  
__ 

2 I MQ=1 ____.__.__ ____ 

AMMAXl=OPMMAX/(EL*EL*ELl ____ _ _  ._ _ _ _ _ ~ ~  F 54 
3 I F  I I M O e G T m I L M A X J  GO T C  4 F 5 5  

I L = I M C R D E R I I M O )  __ F 56  
O M 2 = O M l (  I L )  F 57 

_ _  CM2=OM2/ ( E L * E L )  F 5 8  
GO TO 9 F 59 

_ ~ _ _  
-- 

-- 
- . -  
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12 C O N T I N U E  F 116 
DOM=DUM/4. - F 117 

- DO 13 I s 2 9 3  - - - F 118 
_____ CM= OM+DOM F 119 

C A L L  C F I  F 120 
C A L L  DEUPPS I E 9 3 v  CDETI 3 1 F 1 2 1  
X ( I ) = R E A L t C D E T I  F 122 
Y ( I 1 = R E A L  (OM I F 123 
I F  ( I X . E Q . 2 1  GO T O  13 F 124 
P R I N T  C E B U G l  F 1 2 5  

GO TO 11 F 127 
F 1 2 8  1 4  O=OM*EL**2 

AMDA=LAMRDA*EL**3  F 129 
__ _ _ _ _ ~  P R I N T  5 1 9  O v A M D A i C S D E T , K C U N T  F 1 3 0  

__ I F  ( I P R O C C e E Q * 2 )  GO TO 43 F 132  
1 5  O=OM*EL**Z F 133 

AMDA=LAMBUA*EL**3 - __ F 134 
- .  P R I N T  51, O r A M D A 9 C D E T f K C U N T  F 135 

I COUNT= 1 F 136 
-_ L A M (  11=0. F 137 

OMR (1 )=OM F 138  
O M I ( l I = . O  F 139 

. ____ 16 DAMIN=DAM*((-l.)e*INSTABI F 140 
LAMBDA=LAMBDA+DAM I N  ~. F 141 

.__ I F  1LAMBDA.GT.DAMMAXl.AND.ISTART.NE.2)  GO TO 2 8  F 142 
~ ___ 1 7  LAMBDA=LAMBDA*COS(SWEEPI*CUS(SWEEP) F 143 

I C O U N T -  I C O U N T + l  F 144 
I F  f 1COUNT.GE.ISTOPI G O  TO 43 F 145  
HOLD= CM F 146 

F 147 - KOUNT=O 
_____ 18 C A L L  CFI F 148 

C A L L  C € U P P S  ( E v 3 r C D E T 9 3 )  F 149 
CSDET=CDET F 1 5 0  
AO=RE 4 L  ( C C E T  1 F 151 
AOO=AO F 1 5 2  
f i O = A I  MAG( C C E T )  F 1 5 3  
IF 1 I X - E Q . 2 )  GO T O  1s F 154 
P R I N T  499 CDET F 1 5 5  

19 C O N T I N U E  F 156 
C M = O M + C M P L X ( C O M l r O i )  F 157 
C A L L  C F I  F 1 5 8  
C A L L  CEUPPS ( E , 3 v C D E T q 3 )  F 1 5 9  
C l = R E A L ( C D E T  F 160 
8 1 = A I  MAG( C C E T )  F 161 
PRWOMR=(A 1 - A 0  1 / D O M l  F 162 
P I  W O M R = ( B l - B O ) / C O M l  F 163 

-~ O M l M = - D O M l  F 164 
CM=GM+CMPLX( CM1 MI D O M l  1 F 1 6 5  
C A L L  C F I  F 166 

F 167 
A2=RE AL I C D E T  I F 168 
B Z = A I  MAG( C C E T )  F 169 

_ _  -. _____ PR WOM I =  I A 2 - A 0  b / D O M l  F 170 
__ __  __ P I  WOMI=( 62-80 I /  D O M l  F 1 7 1  

P R I N T  52 -FL 

-~ 

____ __ C A L L  DEUPPS I E I ~ ~ C D E T , ~ )  
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_ _ _  AJACOBI=PRWOMR*PIW@M I-PRWOMI*P IWOMR F 172 
DOMR= (BO*PRWOMI-AO*P I W C M I  1 / A J A C O B  I F 173 

__ ~OMI=(AO*PIWCMR-BO*PRWOMR ) /AJACOB I F 174 
@M=HOLD+CMPLX( DOMR VDGMI F 175 
HGLD=CM F 176 

- I F  ( I X e E Q e 2 )  GO T O  20 F 177 
P R I N T  471 PRWOMR, P ~ W C M R I P R W O M ~  9 P IHO%I F 178 
P R I N T  469 D O M R V D O W I ~ C M  F 179 

20 C O N T I N U E  F 1 8 0  
ROM=REAL(OM) F 181  
AOM=A !MAG I CM I F 182 
KOUNT=KOUNT+ 1 F 183 
I F  (RCMoEQ.O.1 GO T O  22 F 1 8 4  
I F  (ACM.ECoOe) GO TO 2 1  F 185 

F 186 
GO TO 23 F 187 

2 1  I F  (A@S(OCMR/ROM).LT.l.E-51 GO TO 24 f 188  
- GO TO 23 F 189 

F 190 
_-__ 23 C O N T I N U E  F I 9 1  

IF ( K O U N T , G E e ( 2 + 1 T M A X ) )  P R I N T  52 F 192 
I F  t K O U N T e G E e ( 2 * I T M A X )  .AAD. I P R O C D o E Q o 2 )  GO i 0  29 F 193 
I F  (KCUNT.GE.(Z* ITMAX) .APiDe I P R O C D o E Q o l )  GO TO 24 F 194 
GO T O  18 F 195 

- C  ROOT LOCUS P O I N T  FOUND F 196 
24 O=OM*EL** 2 F 197 

LAMBDA=LAMBDA/ (COS (SUEEP ) *COS1 SWEEP I 1 F 198  
L A M l  I C O U N T l  =LAMBDA F 199 
CMR ( I COUNT )=ROM F 200 

- CjMI I C O U N T )  =AOM F 201 
- AMDA=LAMBDA*EL*+3 F 202 
__- P R I N T  519  OVAMDAICSDETIKCUNT f 203 

F 204 
- I F  ( I N S T A B e E Q e 1 )  GO TO 27 F 205 

IF I K O P T a E Q - 2 )  GO TO 2 5  F 206 
C F 207 

- C T R A C E  OUT V - G D I A G R A M  DO NOT STOP A T  F L U T T E R  F 208 
__ C F 209 

GO T O  26 F 210 
Z5 I F  I A O M - L T o O . a A N D * I h S T A B . E Q e O )  GO TO 30 F 211 - 

- _ _  I F  I A 6s ( OCF”R/ROM 1 e L T  e 5 *E-3 e A N 0  0 ABS ( DOM I / AOM 1 mL T. 5 ,  E- 3 ) GO TO 24  

22 I F  (ABSIDDMI/AOM),LToL.E-5) GO TO 24 _ -  

_____ I F  (AOM.LT.Oo.ANDoIC0UNT.EB. I )  I N S T A B = l  

___ 

2 6 U  E’ F 212 

_ _  - A O M = 2 e * O M I ( I C O U N T ) - O M I  I T C O U N T - 1 1  
~ 

I F  ( I C 0  UNToLT.2)  GO TO 1 6  F 213 
ROM=2 .*CMRI I C O U N T  1-OMR t I C O U N T - 1 )  F 214 

F 215 
F 216 - LM=CMPLX(RCMpAOM) ______I_---~ 

__ F 217 
I- I F  (1START.NE.Z)  GO TO 1 6  -____ 

__ F 218 I F  ( I C C U N T . L T e 3 )  &TO 16 _.__---__ 

F 219 CURY=OMI (  I C O U N T ) - 2 . * C M I I  I C O ~ T - l J + O M I ~ I C O U N T - 2 J  
-. -_ F 220 

_. F 221 I F  ( I C O U N T . G T . l Z . A N O . I S T A K T . f Q . 2 )  GO TO 46 - ._ - - 
F 222 GO TO 16 __ .I____ 

F 224 ._____ I F  ( I C O U N T . E Q * l )  GO TO 16 - _______  
ROM=2.*OMR( I C O U N T ) - O M R (  I C O U N T - 1 )  F 775  

OM=CMPLX(ROMqAOMI ~ _. -__-- --- --- F 227 
- F 2 2 8  GO TO 16 __ -  

____ 
_ _ _ _  ----I_ 

- 

______ I F  I C U R V o G T * . O . A N C e I N S T A E , f Q . O )  GO T O  44 ____- 
-I_-___~ 

__- - 
27 IF (AOMmGTBOe) GO TO 3 0  __ ___--__ F 223- ______ _.___ 

_. - - .- AOM=2.*OMI t I C O U N T  I - O M T  ( I C O U N T - 1 )  F 226 - 
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- 

2 8  DAMMAXZ=DAMMAXl*EL*EL*EL __ F 2 3 1  
PRINT 5 5 r  DAMHAXZ F 232  

BDA(1 L)=DAMMAXl F 2 3 5  

I F  IISTARToNE.2) GO TO 3 F 238  
GO T O  43 F 239  

- C FLUTTER ENCOUNTERED F 240  
C USE ABSCISA TO F I N D  A BETTER ROOT F 241; 
30 I F  (ICOUNT.LT.31 GO TO 3 1  F 242  
3 1  ROOT=LAM(ICOUNT-l ) - D A M I N * O M I ( I C O U N T - 1 ) / ( O N I ( I C O U N T ~ - O M I I I C O U N T - l ~  1 F 243 

L AMBD A=ROOT F 2 4 4  
I F  IICOUNToLT.3) GO TO 3 3  F 2 4 5  
00 3 2  I V = l r 3  - F 246  
Y L I V 1 =OMR I I C  CUNT-3 + I V 1 3 2  

3 3  R O O T ~ O M R I I C O U N T - 1 ~ - ~ G M R ( I C O U N T ) - O M R ~ I C O U N T - l ~ 1 + O M I ~ I C O U N T - l 1 / I O M I ~  F 250 
1ICGUNTl-OMI(IC0UNT-1)) F 2 5 1  

3 4  ROM=ROOT F 252  
RO=ROC*EL*EL F 253 

I E R R 0  R= 0 F 2 5 6  
LBEG I N=AMDA F 257 

F 259 
I F  I I S T A R T . E Q o 2 , A N O o I S H A P E o E Q . ~ ~  GO TO 3 5  F 260  
B D A l  I L)=LAMBDA F 2 6 1  
POA( IL)=RCM F 262 

- ILL=L  F 243 
I M O =  I Mot1 F 264 
I F  I I STARTeNE-2) DAMMAXl=LAMBDA+OAM F 265  
I F  ( I S T A R T e N E . 2 . A N D o I S T o E O o l )  GO TO 3 F 266 
I F  IISHAPE.EQ.2) GO TO 4 2  F 267 

C F 268 
F 269  C MODE SHAPE 

3 5  B 8 Q  I =  I -/ ( E I 2 9 1 1 *E I 3 9 3 )-E( 2 9  3 1 *E ( 3-9 1) 1 F 270  
F 2 7 1  BB( 1 1  =(-E ( 2 9  2 ) * E I  393  )+E I 3 9 2  )*E ( 2  93 I *BED1 

BB I 2  1 x 1  0 F 3-12 
~8(3)=(-E(Zrl)+E(3rZ)+EI39l)~E(Z9Z))*RBOI F 273 
CAMBOA=LAMBDA*COS(SWEEP)*COS(SWEEP) F 2 7 4  
DO 3 6  I - l r M U  F 275 
J= I F 276 
h k i ( J ) = O o  F 277 

3 6  AAL(J)=O. F 278 
00 3 7  NNs1.3 F 279 

DO 3 7  I = l r M U  . F 2 8 1  
J= I F 282  

-~ - - 
-~ OBEGIN=CMPLX(ROIO~) F 258 

-~ I F  ( I  S T A R T o E Q r 2 o A N D o I S H A P E , E Q . 2 )  GO TO 4 2  

-- 

_- 

CALL C F I  F zeo 

hW(J)=WW( J l + B B I N N ) * W I I )  F 283 
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37 A A L  ( J  l = A A L  I J  )+88(NN ) * A L I  I I F 284 
P R I N T  55 F 285 

F 286 NUJ= ( M U + 1 1 / 2  
DO 41 J = l , P U  F 287 

F 288 I = J  
IF I R E A L ( H W ~ J ) ~ ~ E Q I O O . A N C ~ A I M A G I W W ( J J ) * E Q ~ O O )  GO T O  38 - _ _  F 289 
CMW=CABS(WW(J))  F 290 

__-_____- 

GO TO 39 F 293 
38 F 294 cww=o, 

PWW=O. F 295 . 
39 I F  ( R E A L (  A A L  ( J  f j . E Q . O . . A N D . A I M A G ( A A L ( J ) I . E Q . O , )  GO T O  40 F 296 

C A L = C A B S ( A A L ( J I )  F 297 
P A L = C L O G I  AAL ( J  I I F 298 

F 299 P A L = A I M A G ( Q A L )  ~ - 

F 300 G O  T O  41 
_~ 40 C A L - 0 .  ~- - F 301 
-- PAL=Oo F 302 

4 1  P R I N T  579 IICWWIPWWTCALTPAL F 303 
42 I F  ( I S T e L T e 3 e A N O e  I S T A R T e E C o Z t  R E T U R N  F 304 
- I F  ( I S T . L T . 3 e A N O . I S T A R T e E Q , 3 )  GO T O  7 F 305 

I F  ( I L L o E Q . 2  1 R E T U R N  F 306 
C F 307 

_ _ ~ _ _ _  C D I V E R G E N C E  T E S T  I S  PERFORMED ONLY I F  I F O R 0 = 2  @ R  3 F 308 
r F a n a  

_i 

_ _ _ _ ~  

-. 

~ _ _ _ . _ _ _  - ___ 

C A L L  G I V  F 310 
___ ILL=2 F 311 

I F  (ISHAPE.EQ.1) GO T O  35  - F 312 
R E T U R N  F 313 

-43-- PRINT 60 F 314 
C F 315 
44 I F  ~ O M I ~ I t O U N T I ~ L T ~ O M I ~ I C O U N T ~ l t ~  GO T O  16 F 3 2 6  

AMDA= L A M  BOA * E L  *E L * E L  F 317 
P R I N T  61r AHDA F 318 

C _~ F 319 
-. C - T R O U B L E  EbiCOUNTERED ON A BRANCH CURVE CHECK OUT A L L  RRANCHES F 320 

F 3 2 1  C 
4 5  lCTART=I 

___.__ .- 

F 133 

-___ I ERROR= 1 F 323 
R F T l l R N  F 13.5 - . _.... . - - .  

46 I F  I O M I (  I C O U N T l  o L T . O M I (  I C O U N T - 1 )  t GO T O  16 F 325  
AMDA= L A M  BOA* E L *  E L *  E L  F 326 
P R I N T  629 AMOA F 327 

C 2 3 Q  
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53 - FORMAT ( / t 5 X t 2 0 H T H E  WAGNITUDE OF OM=tE16.8r2H+IrE16.8t2Xt8HEXCEEDS F 342 
F 343 

_______.. 5 4  FORMAT ( / r 3 0 X t 4 2 H F L U T T E R  I N S T A B I L I T Y  ENCOUNTERED A T  LAMBDA=rFB.5 ,5  F 344 
1 X 1 6 H O M ~ G A = , F 8 , 4 / , 3 0 X , 4 2 H ~ * * * * * ~ * * * * * * * * * ~ * * ~ ~ ~ * ~ * ~ * ~ ~ ~ * * * ~ * * * * ~ * * *  F 345 
2 r /  I F 346 

_______ 55 FORMAT ( / , 5 X r 1 4 H L A M B D A  E X C E E D S v F 1 0 . 5 )  F 347 

- - 1 _ _ _ _  t E i 6 - 8 / , 5 X r 3 7 H P R O G R A M  WILL PROCEEG T O  T H E  N E X T  C A S E )  

..-. - -~ 

-5% FORMAT ( / / r 5 0 X t 1 7 H D E F O R M A T I O N  S H A P E ~ / / ~ ~ X I ~ H P O S I T I O N I ~ ~ X , L O H D E F L E C  F 348 
~~ 1 T I  ON r 4 0 X  t 5 H T k I  ST t / t 2 3 X  r 9 H M A G N 1  T U D E v Z O X v  Z H P H A S E t  1 5 X  * 9HMAGN I TUDE v 1 5 X  F 349 

Z t 5 H P H A S E v / )  F 350 
____ 57 FORMAT 1 3 X  t I 3 r l O X t  E 1 6 . 8 r 8 X t  E 1 6 0 8 r  10x1 E 1 6 . 8 1 8 X r  E l 6 m  8) F 3 5 1  

5 8  FORMAT ( / / r l O X r 6 2 H M I N I M U M  F L U T T E R  SPEED FOR P R E L I M I N A R Y  D E 5 I G N  OCC F 352 
-~ l U R S  A T  L A M B O A = , E l 6 ~ 8 r l O H A N D  O M E G A = r E 1 6 m 8 r l X v 1 3 H O N  BRANCH N O o r I 2 / r l  F 353 

20x1 5 1  ( 1 H *  i t /  ) F 354 
59 F C R M A T  ( / / r S X 1 7 5 H A L L  B R b k C H E S  SEARCHED OUT BUT N O F L ? T m c E € D  FT, F 355 

. - .. - 1 U N D  FOR P R E L I M I N A R Y  D E S I G N )  -~ F 356 
60 FORMAT ( / / r 5 X q 1 6 H S T O P P E D  ON I S T O P )  F 357 

__ 1 T E S T  OUT ALL BRANCHES/r5Xt21HOCCURANCE AT L A M B D A N = , E l h . 8 / )  F 359 

. _ _ _ ~ _ _ _ _  10 SEARCH ~ CUT A L L  B R A N C P E S , / r 5 X t 2 O H O C C U R A N C E  AT L A M B D A = r E 1 6 . 8 / )  F 361 

61 FORMAT l / / r 5 X t 7 3 H C U R V  IS P O S I T I V E  AND I N S T A B = O  THEREFORE I E P R O R = 1  F 358 

~- 62 FORMAT f / / r 5 X t 7 4 H I C O U N T  EXCEEDS 12 W H I L E  ISTART=2 '  SET I E R R O R z 2  A N  F 360 

62 
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_ _ I _ _ _ _ - _ I c ~ ~  - . - - ~. 

S U B R O U T I N E  C F  I _- G 1  

G 3  

C I S Y M = l v  CLAMPED GOOT - G 5  
C I S Y M = Z p  SYMMETRIC W I N G  F L U T T E R  AND/OR D I V E R G E N C E  G 6  

G 7  
G 8  

___-- _- 
C -__c G 2 -  
C TQ D E T E R M I N E  THE REDUCED F L U T T E R  O E T E R M I N A N T  - _____ ___-- ; 4 

_I_ -____ 

- ~ -  
--__ 
C I S Y M z 3 r  A N T I z S Y M M E T R I C  k I N G  F L U T T E R  AND/OR D I V E R G E N C E  

_c_ 

_______ R E A L  LAMBDA 
COMPLEX C M 9  W S A L ,  E *  GMZ 9 AK s I I i C *  D l  9 021 Q M l l  l ( r  1 v QH I101 t Q A L  (10)  r QMA ( 10) - G 9 

1, QMB( 10 ) 9 A Q H t  A Q A L  * A Q A L  1 9  O M A l (  10 I *OMMU I 10) 9 SH v S A L  9 SHP v A Q H l  t AKZ 9 S v T s G 10 
2 Q M A 2 ( 1 0 )  9 Q H l ( 1 0 ) *  Q A L l ( 1 0 1  ~ Q M 2 ~ l O ~ ~ Q M A A ~ Q ~ B B ~ ~ l ~ ~ 2 t A O ~ A l t A 2 ~ A 3 ~ A H l ~  G 11 

-.- 

G 1 2  ?AH2+AH3rAH4rAALlrAALZIAAL3rAAL3*AAL4*WO - - - - 
.__ COMMON / /  I X t J X t  I E R R C R * K O P T / C U M / O M r L A M 8 D A ~ R H C I ~ E M ( 6 0 )  , E 1 ( 6 l ) v G J L 6 1 )  G 1 3  

l l A o r B ( b O ) r S W l b 0 ) 1 P R r R G S Q 1 6 0 ) 1 M U 1 E 1 3 r S W E E P , I I J  G 14 
2 R O C D t  I T M A X I  I S Y M S  C L  ( 90)  9 A C ( 9 0 ) / S T A T  I C / I S T t A L O , C M A C *  EL t I S H A P E / P Y L U N /  1 5  
3 B P Y ( l O ) r C P Y I 1 0 ) , D P Y (  10) ~ E N J 1 1 0 ) r E N M 1 1 0 ~ ~ E N E I ~ l O ~ ~ E N G J ( l O ) r P Y L I I O ~ ~  G 16  

- 
G 

4 L O C ( l O )  r N E N G  G 1 7  
N A M E L I S T  /DERUG2/ E G 18 
ALOS=CMACS=O. __. G 1 9  
I F  ( I  SToEQ.4)  A L O S z A L O  G 20 

G 2 1  I F  (IST.EQ.49 CMACS=CMAC 
G 2 2  RRHO=RHO 
G 23 BLAM=LAMBDA _____ .___ 

G 24 
I I = C M P L X  (0.11. 1 G 2 5  
IF ( IST.GE.2) OM=OM2=0. G 26  
CM2 = 01 *C M G 27 
I F  (LAMBDAeEQa 0.1 GO T f l  1 G 28  
AK=CM*SQRT(RHO/(PI*LAMBDA*AR)) G 2 9  
GO T O  2 G 30 

1 AK=O G 31 
G 32  
G 3 3  - 
G 34 

I F  (ISYM.EQ.2) GO TO 3 G 3 5  
I F  (N.NE. 3 e A N D e  I ST. NE.4) W (N+1 )=lo G 36  
I F  ( N  oEQe3eAND. I S T  .NE - 4  1 A L  ( 2)=1. G 3 7  

G 3 8  I M U = 2  
GO T O  4- G 39 

3 I F  (N.NE.3) MIN)=l, G 40 
I F  INeEQ.3 )  A L ( l ) = l .  G 4 1  
1 MU=1 G 42 

G 43 - 
G 44 MU 1= M U- 1 
G 45 MU2=MU-2 -____ 
G 46 CIU 3= M U-3 

CS=COS I SHEEP 1 G 47 
SN=S I N t S W E E P  i G 48 
T N=S N /C S G 49 
08=1./8* G 5 0  
P12=2 .*PI G 5 1  
AR2= AR*AR G 5 2  
R J Z = B ( l l * B ( l  I G 53 
I F  ( ISYM.NE.3 )  GO TO 8 - G 5 4  

- G 5 5  
AO=. 5 * E I (  1) +.25*E I t  1 )*DBAR*CS+ . 2 5 * G J (  2 )*TN*TN-O8*EM( 1) *OM2*RGSQ(11  G 5 6  

- - ___- l + T N + T N /  (AR*AR)+08*EM (1 1 *SW( 1 I *DBAR+OM2*TN/CS/AR- ,5 *E I  (1) * D R A R 2 / C S 2  G 5 7  

G 59 

- 

I- 

_--- 

-- -- P i = 3 . 1 4 1 5 9 2 6 5 3 5 8 9 7 9 3 2 3 8  

__ 

_ _ ~ - . -  

2 DO 36 N = l r N N  ______ - - ____ __.__ __ 
MN-0 - __- 
AL( 1 I S A L (  2)=W( 11  = W ( Z ) = W ( 3 ) = 0 1  

______ 

__ ____ -- 

4 - C O N T I  ---- NUE - 
_- ~ - . .  - 

- -__ 
_____ -~ _____ 

C C A L C U L A T E  WO -_ 

2 + ~ 5 * E I ( l ) * D B A R / C S + ~ 2 5 * E I ( 2 ~ * D B A R 2 / C S 2 ~ U 8 * E M ~ l ~ * C M 2 * D ~ A R 2 ~ C S 2 + O 8 ~ E M  G 5 8  
3 ( 1 ) + S  W (1 1 *OM2+DBAR/ AR/CS*TN 

A2= ,5+EI (  1 )- .5*EI  I 1  )*DBAR/CS-.  2 5 * G J ( 2 )  * T N 2 + 0 8 * E M ( 1  ) * O M Z * T N Z * R G S Q ( l  G 60 

G 6 2 
G 63 

113z-o 5*EI(  2 ) * D B A R / C S  G 64  

_I 1 ) / A R 2 - 0 8 * E M (  1) +SW (1) *DBAR*OMZ*TN/CS/AR+. 5 * E I  ( 1 )*DEAR /CS-. 2 5 + E I  ( 2 ) *  G 61 
208A R 2 /C S t E I ( 2 ) *DB AR /C S - 2 5* E I ( 2 t *OB AR 2 /C S 2  + 0 8+ E C ( 1 1 * OM2* D B m c S Z  - _I_- 

______  
_ -  3 0 8 * E Y ( l ) * O M Z * S H ( 1 ) 8 D e P R * T N / A R / C S  
_ -  
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C b D D  O N  AERODYNAMIC L O A D S  G 65 
G 66 

l A C M A / B ( l I  ) *C)+CL(  l)*LAMBDA*AR*B(lI*Cl*TN/AR G 68  
A H 3 = - ( C L ( 1 )  * C + I  I * P  I * A K * B (  1 I )*8( 1) *LAMBDA*TN G 69 
A H 4 2  ( C L  ( 1l*( C L (  1) / P I  2 + A C M A / B ( 1  t ) * C - I  I * P I * A K * A (  1) I * B J Z * L A M B D A  G 70 
A A L l = B J 2 /  AR* I A ( 1 1  *RHC/AR*OMZ+I  I * P  I * A K * L A M B D A * A C M A / P I  /B (  1 *CL(  1) *C) G 7 1  

l * D B A R  /CS G 7 2  

A H l = B  ( 11 * (  81 l ) * O M Z * R H O - I  I * C L ( l  )*AR*C*LAMBDA*AK J*DBAR/CS 
AH2=B (1 I * B  (1 I *  (OM2*RHO+ I I*P I *L  AMBDA*AK*AR*( 1.+CLI 1 i / P  I *( C L f  1 1  / P I 2 +  G 67 

A A L 2 = 8 J 2 / A R * I R H O * B J 2 / A R * ( O 8 + A (  1)*A~ll/BJ2l*OM2-2~*PI*I~*AK*LAMBDA* G 73 
1B( l ) * ( o S + A C M A * C L (  l I * C / P I E / B ( l )  I * ( C L ( l  ) / P I Z + A C M A / B (  11  I - A C M A / R ( l  ) *CL  G 74 

G 7 5  ‘ 

G 76 

l i ) * C L  l l I * C ) * ( C L I  1 1  / P I Z + A C M A / B I l )  J * B ( 1  t ) * P I * L A M B D A  G 78 

1,5*AALl-. 5+AAL2-o 5 *AAL3+ .5*AAL4*TN/AR l  G 8 0  

l + A A L l + o 5 * A A L 2 + .  5 *AAL3- .5 *AAL4*TN/AR)  - G 82 
G 83  

C ADD 0 N E N G I N E  TERMS G a4 

_ _ _ _ _ _ ~ ~ _ _ _ _  2 (1 )*C*LAMBOA )*TN/ AR 
A A L 3 z - t  I I *P I * A K * A  4 1) -AC MA/B 4 1) * C L  (1 1 *C  I * B J 2 / A R 2 * L A M B D A * T N  
A A L 4 = - B J 2 * T N / A R 2 *  ( 1  I * A K * ( 0 8 + A (  1 ) * A  (1 1 / R J  2 )  * B J 2 + A (  1 )+(  l o + A C M A / P I  * E (  

AO=AO+e25 *DBAR/CS*(-o 5*AH1-0 5*AH2-*5+AH3+o 5*AH4*TN /AR I + .  5*TN/AR*  ( -  

G 77 

G 79 

A2=A2+.25*DBAR/CS*(  .5*AH1+.5*AH2+.5*AH3-o5*AH4*TN/AR )+.5*TN/AR*(o 5 G 8 1  

A4=. 2 5*OBAR/ CS*AH4+ e S*TN/AR *AAL  4+ e 5+G J ( 2 I *  TN*A R 

IF ( N  ENGeEQ.0) GO TO 7 G 8 5  ’ 

______ DO 6 I J = l r N E N G  G 86 
G 87 

-~ AQAL=CPY( I J ) *OM2*TN/ (1 . -OM2*0PY( IJJ  1 G 88  
A Q A L l Z C P Y  I I J  ) * O M 2 / ( 1  .-C!P2*DPY( I J )  1 ____ G 89  
AO=AO + e  5 * T N / A R *  I-PaQA L 1 + 25+ ( -AQAL 1 1 G 90 
A2=A2+. 5 * T N / A R * A Q A L + o 2 5 * A Q A L l  G 91  

5 I F  ( L O C I I J I - N E . 2 )  GO TO 0 G 92 
AQH=CPY(IJl*CM2*AR*CS/(lo-DPY(IJ)l G 9 3  
U Q A L = - O M 2 * E N ~ ( I J ) * P Y L ( I J ) / A R * S N / ( l * - B P Y ( I J ~  1 - G 94 

-~ AQAL l= ,25*DBAR/AR G 9 5  
A O = A 0 + . 2 5 * D B A R / C S * I A Q H + A Q A L l + A Q A L * ( - A Q A L l * T N ~ ~ P Y L (  I J 1 I G 96  
AE=A2+.25*DBAR/CS*(  ACH* ( - A Q A L l  I+AQAL* I :  A Q A L l * T N  l * P Y L (  I J  ) + l o  I G 97 
A3=A3+.25*DBAR/CS*(  .5*CS/AR+AQAL*( - .5 /AR*SN*fJYL(XJ) )  ) - G 9 8  

- A4=A4+.25*DBAR/C S+ ( AQH+Sh+AQAL *CS I G 99 
___ 6 C O N T I N U E  G 100 

- 7 WO=- ( A2*W (2 I + A 1 3  1 *W 13 ) + A  (4) *AL [ 2 ) )/A0 G 101 
W (  1 )=DBAR*.5*( W I 2  I -WOI /CS  G 102 

C COMPUTE AERODYNAMIC LOADS AT J = l  G 103 
_ _ _ ~  Ql=(AHl tAH2+AH3-AH4*TN)* .5 * (W(2 I -HO)+AH4*AL(Z~  G 104 

Q 2 = (  A A L l + A A L 2 + A A L 3 - A Q L 4 * T N l  *o5* (W ( 2  )-WO ) + A A L 4 * A L (  2 1 G 105 
G 106 

C G 107 

l)/ I l e + 2 e 7 4 5 * I I * A K * B ( J )  1 G 109 
C P R E  C A L C U L A T I O N S  FOR E N G I N E  LOADS G 110 
C G 111 
C D E T E R M I N E  SLOPES G 112 

I F  [ J.EO.1) GO T O  10 G 1 1 3  
I F  ( J e E Q e M U )  GO TO 11 G 114 
S H = ( W ( J + 1 ) - W ( J - l )  ) * e 5  G 115 
SAL=-AL(  J -1)**5 G 116  
I F  ( J e E Q a 2 )  GO T O  9 G 117 

G 118 
GO T O  12 G 119 

9 SHP=-AL [ 1 I *AR*TN G 120 
I F  I ISYMeEQ.3 1 SHP=AR*AL  (1 ) / T N  G 121 
GO TO 12 G 122 

1 0 SH=-2 e* AR*AL 1 J 1 +T N G 123 
SAL=-AL ( 1 I G 124 

._ GO TO 12 G 1 2 5  
11 SHT=:5*(W(MUI-W(MUl) I G 126 

SH=W( MU I -W I M U 1  1 G 127 
-__ S A L = A L ( M U I - A L I M U l I  G 128 

I F  I L C C ( I J l e K E . 1 )  GO TO 5 

8 DO 35 J=IMU,MU - 

C ~ ~ l ~ + l O ~ h l * I I * A K ~ B ~ J l ~ / ~ l ~ + l 3 ~ 5 l * ~ I * A K * 8 ~ J ~ ~ * ~ l ~ + l ~ 7 7 4 ~ I I * A K ~ ~ ~ J l  G 108 

______ S H P = e 5 * I W ( J ) - W ( J - 2 ) )  
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1 2  C O N T I N U E  G 129 
____._ I F  ___.___ ( N E N G o E Q o O )  GO TO 18 - G 130 

G 131 

Dl= l . -OMZ*BPY( I J) G 133 
_____ D2=1.  -OM2*DPY ( I J ) G 134 
-___ C G 135 

I F  ( J * N E o L O C ( I J ) )  GO TO 13 G 136 

1 5 / 0 2 - O M Z * E N M ( I  J I * P Y L (  I J  1 / A R * ( ( A L (  J ) *CS-SH*SN/AR)*PYL  I I J) + W I  J ) ) * S N /  G 138 
2 D 1  G 139 

G 140 
G 141 

L ~ I J ~ * C S / D l + E N J ( I J I * E N M ( I J ) * O H 2 * ( A L ~ J ~ * S N + S H * C S / A R ~ * S N / D 2  G 142 

l ) * S N / D l  G 144 
QMA( I J)  =QMB( I J 1 = Q M A l  ( I J )=QMA2( I J ) = Q H l (  I J  ) = Q A L l (  I J )=QM2(  I J )=Os G 145 
GO TO 17 G 146 

13  I F  I J . E Q o ( L O C ( I J ) - l ) )  GO TO 15 G 147 
-_ Q H B ( I J ) = E N M (  I J  ) * E N J (  I J  )*OM2*AR*(AL(J-il*SN+SHPeCS/AR)*CS/AR1*CS/D2-OM2*EN G 148 

~ H I I ~ * P Y L ( I J I / A R * ( ( A L ( J - ~ ) * C S - S H P * S N / A R ) * P Y L ~ I J ) + W ( J - ~ ) ) * S N / D ~  G 149 
I F  (ISYM.NE.3.0R.J.GT.Z) GO TO 14 G 1 5 0  

G 1 5 1  

1 I W f 2 1 -WO)  * T N / D 2  G 1 5 3  
G 1 5 4  

1J 1 / A R * (  ( A L  (2 ) *CS-SH*SN/AR ) * P Y L  ( I J 1+W ( 2 1 1  * S N / D l  G 1 5 5  
14 C O N T I N U E  G 156  

Q M A I I  J ) = Q H ( I J ) = Q A L ( I J ) = Q ~ A l (  I J I = Q M 1 ( I J ) = Q M A 2 ( I J ) = O -  G 157 
G 158  GO TO 17 

1 5  QMAA=ENMlIJ)*ENJIIJ)*OMZ*AR*CS/D2 G 159  
O M B R = - O M Z * E N M ( I J ) * P Y L ( I  J ) / A R * P Y L ( I  Jt  G 160 

11 G 162 
UMA2(IJ)=QPAA+QMBB*SN/Cl G 163 

G 164 
QHL(I J ) = # A L l  ( I J ) = Q M Z t I J  ) = o O  G 165 
GO TO 17 G 166 

16 QH( I J ) = Q A L (  I J ) = Q M A (  I J ) = Q C B (  I J ) = Q M A l (  I J  )=QMA2( I J  I = Q M 1 (  I J)=QMMU( I J)= 6' 167 
G 168 
G 169 
G 170 

1 7  C O N T I N U E  
C AERODYNAMIC L O A D S  
1 8  B J Z = B ( J 1 * 8 1 J 1  G 171 

- . - - - -_ 
DO 1 7  I J = l r N E N G  
I F  ( J  *GT*  (.LOC( I J  ) +1) * O R - J * L T o I  L O C I  I J 1-1) 1 GO T O  16 G 132 - _ ~ _ _  

I F  ( J-EQ. MU) QMMU ( I J ) = E N J (  I J ) * E N M (  I J)*OMZ*AR*(  A L l J  )*SN+SH*CS/AR )*C G 137 

OH( I J I=OMZ*ENM( I J I * (  ( A C (  J)*CS-SH*SN/AR ) * P Y L (  I J )+Ut JI I / D l  
# A L l  I J )=OMZ*ENMi I J) /  [AR*AR)  * [ I A L  f J )*CS-SH*SN/AR 1 W Y L  I I J  1 +W (J  1 )  *PYL  

- IF I J.EQol.1 Q M l f  I J l = - C M Z + E N M ( I  J ) * P Y L (  I J ) / A R * ( A L  I l ) / C S * P Y L  ( I J  ) + W (  1) G 143 

6H1( I J)=OCE*ENM( I J ) * D B B R / C S * I W  ( 2  )-WO)*.5/Dl  
___ Q A L 1 (  I J ) = O M Z * E N M (  I J ) + D R A R / A R 2 * . 5 * ( W ( 2 1 - W O ) * P Y L ( I J )  / D l + C P Y  I 1  J # * O M 2 *  G 1 5 2  

QMZf I J )=CPY I I J 1 +OMZ*AR* (AL4  Z ) * S N + S H / A R * C S I  *CS/C2-f lMZ*ENM( I J ) * P Y L (  I 

Q M A ( 1  JI=QVAA*(-W( J1  I / (Z.*AR ) *CS-QMBB*(X(J  ) / I  2 0 * k R )  *SN+WI J+lJ ) * S N / D  G 161 

___ Q M A l t  I J ) = O M Z * E N M (  I J ) * P Y L I  I J) * P Y L (  I J) / (Z* *AR*AR ) * S N / O l  

1 Q H l (  I J I = Q A L l I  I J  ) = Q Y 2 (  I J ) = O .  

\ 
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G 187 
C PROCEED ALONG S P A N  C A L C U L A T I N G  A L (  J+11 AND W (  J+21 G 188 

J P l = J + l  G 189 
J P  2= J +2 _ _  G 190 

___ J M l = J - 1  G 191 
J M 2 = J - 2  G 192 

__ T = E I  ( J P l )  G 193 
S=GJ(JPI) G 194 

-- I F  ( J o ' E Q o l )  GO TO 2 1  G 195 
I F  (J.EQ.21 GO TO 24 - G 196 

-. - I F  ( J . E Q o M U I  GO T O  33 G 198 
- S=S+o 5 * A Q A L 1  G 199 

B L  ( J P  1 )=-GJ ( J  l * A L  ( J M 1 1  + ( G J l  J P l )  + G J  I J)-OMZ*EM( J I *RGSQ ( J  b /  (AR*AR t I *A G 200 
-_-- 1Lt  J1 +CM2*SW ( J ) * E M  ( J  ) / ( AR*AR)*W ( J  I - A Q A L  G 201 

__ 

_- IF ( J .EQ-CU1)  GO TO 29 G. 197 

W ( J P Z ) = - E I (  J M l ) * W ( J M Z ) + Z . * ( E I (  J ) + E I ( J M l )  b * W I J M 1 1 - ( E I  ( J P l ) + 4 . * E I  ( J )  G 202 
G 203 1 + E  I ( J M1 ) -EM(  J 1 *OM2 ) * W  ( J ) +2. * ( E I I JP 1 I +E I ( J I 1 *W ( J P 1  ) -EM I J J *SW( J) *OM2 

~- 2 * A L  ( J  )+AQH G 2 0 L  
C G 205 
C A P P L Y  E N G I N E  L O A D S  G 206 

~- I F  ( N E N G - E C o O l  GO TO 20 G 207 
- DO 19 f J = l r N E N G  G 208 
____ T = T + o S * Q M A L ( I J I  G 209 

AL ( J P l ) = A L 1  J P 1 1 - Q A L  ( I JI G 210 
G 211 

20 A L I J P l l = A L (  J P L ) / S  G 212 
# (  J P 2  I=(W(JP21+*5*AQHl*bL(JPl) ) / T  G 213 

.~ GO TO 35 G 214 

~ ~ _ _  19 W (  J P 2  J = W  ( J P 2  )+QHI I J 1 +o 5 * ( Q M B (  I J )-QMA( I J I 1 

2 1  S= S+ A Q A L l  *e 5 G 215 
G 216 

- G 217 

G 219 
IF (NENG.EQ.01 GO TO 23 G 220 

G 221 
~- T=T+QMAl  ( I J )*.5 G 222 

G 223 
22 k(3)=W(31+.5*QH(IJ)- ,S+QMA( I J )  G 224 
23 A L ( 2 ) = A L 1 2 ) / S  G 225 

k ( 3  I = ( W ( 3  )-e 5 * A Q H l * A L (  2 b ) /T  G 226 
GO TO 35 G 227 

24 S = S + *  5 * A Q A L 1  G 228 
iX ( 3  b =-GJ ( 2 )  * A L 1 1  b +( G J  ( 2 j +G J ( 3 )  -EM( 2 I *OM2*RGSQ ( 2 ) /  (AR*AR I 1 * A L 1 2  1 + E  G 229 

l M L Z ) * C M 2 * S W L 2  1 / ( A R * A R ) * W l 2 ) - A Q A L  G 230 
I F  ( ISYMmNE.3 )  GO TO 25  G 231 

G 233 

- __  ~ 

A L I  _ _ _ _ _  2 ) = __ ( G J  ( 2  I - *  5*EM I1 b *OMZ*RGSQ ( J  ) / ( A R * A R I  I * A L (  1 I + .  5*f lM2*EM( 1 I * S W ( 1  
_ _ _ _  1 1 * W  ( 1 I / (AR*AR I - .  5 * A Q A L + 2 o * E  I [I ) * T N * ( (  W ( 2  I - W  ( 1 I 1 /AR +A L ( 11 * T N  1 

W (3 1=20* (  E X (  1) + E 1  ( 2 )  ) * W  ( 2)-( 2.*E I ( 11 + E 1  I 21-. 5*OM2*EM( 1) I * W (  1 )-e 5*E -G 218 _ _ ~  
lM( 1 ) * S W I  1 I *OM2*AL(  1)+.5*AQH+Z.*AR+EI (1 l * T N * A L (  1) 

DO 22 I J = l r N E N G  

AL  ( 2 I =AL ( 21 -QAL ( I J I * e 5 + Q M l (  I J t * .5 /AR*TN _ _ ~  

W.;14)=.5*EX (1 ) * tW(2  ) - 2 e * W ( 1  l+W01-2o*EI(2)~(W131-21*WI 2)+W( 1) l + E I ( 3 )  G 232 -.__ 

- 1*( W ( 4  b-2. * W (  3 1 +W t 2 )  ) -EM( 21 *OM2* I  W ( 2 b - A L t  2 I *SW( 2 1 1 + ( G  J 12 1 * ( A L ( 2  I - (  d 
____ 2 ~ 2 ~ ~ W O ~ / A R ~ o 5 ~ T N l * A R ~ ~ 5 * E M ~ ~ ~ * G M 2 * ~ R G S Q ~ l ~ * T ~ / A R ~ S W ~ 2 l * D B A R / C S ~ * ~ W  G 234 

3 ( 2  )-WO )*e 5 1 * * 5 * T N / A R  + ( - E 1  I1 I *( W( 2)-2.*Wll l + W O )  + E 1  (21 * ( W (  31-2.t W ( 2 )  G 235 
4+W(1) 1-0 5*EM I1 ) * I  W I1 ) -SW13 ) * A L  (1 1 b *OM2 1 *.5*DBAR/CS G 236 
W(41=W(4)-AQH-.25*TN*AR*QZ-o25*U8AR*Ql/CS G 237 
Iw( 4)  = - W (  4 I G 238 
GO T O  26 G 239 

2 5  C O N T I N U E  G 240 
W (4 1 - 2  e* I E I ( 1) + E 1  ( 2 1 ) * W  I1 1-4 2- *E1  ( 1') +4. *E I I 2 f + E 1  ( 3  )-OMZ*EM ( 2 I 1 * W t  2 G 241 

2 +AQH G 243 
1 )+20 * ( E l  ( 2 ) + E I  ( 31 I * W  I 3  l-OMZ*EM( 2 1 *SW ( 2  I * A L  ( 2  ] -2o*E I ( 1 )*AR*TN*AL (1 I G 242 
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26 CONTINUE G 2 4 4  
IF (NENG.EQ.0) GO TO 28 G 245  
DO 27  I J Z l r N E N G  G 2 4 6  

G 2 4 7  
AL I 3 ) = A L  I 3 ) - Q A L (  I J I G 248 
IF (ISYM.EQ.3) W(4)=W[4)+.25*TN*AR*QALl(  IJ)+.25*DBAR/CS*IQHl(I J)*Q G 2 4 9  

G 2 5 0  
G 2 5 1  

28 AL(31=AL13) /S  G 2 5 2  
k( 4) 2 1  W (4 +e 5*APHl*AL ( 3  ) ) I T  G 2 5 3  
GO TO 35  G 2 5 4  

25  S=S+* 5*AQAL1 G 2 5 5  

____ 

T=T+.S*QMAltIJ) _____ 

lM2(  I J  I I 
2 7  W t 4 1 = W  14 1 +4H ( I J 1-0 5*QMA ( I J 1 

A L ( M U b = - G J ( M U l ) * A L ( M U 2 ) + 1 G J I M U 1 ) + G J ( M U ) - O M Z * E M ( M U l ~ / ( A R ~ A R ~ * ~ G S Q ( M  G 2 5 6  
A G 257 

G 2 5 8  
. - ______ DO 30 I J= l rNENG G 259  
_._. 30 A L (  MU )=AL (MU )-BAL I J ) G 260  
____ 3 1 AL ( M U  I = A L  I MU /S ~_ G 2 6 1  

__ IF - (NENGoECeO) GO TO 2 1  

E(lrN)=EI ( N J ~ ) * ( W ( M U I . ) - ~ O * W ( M U ~ ) + W ( M U ~ ~  )-2,*EI(MUl)*(W(MU)-2.*W(MU G 2 6 7  
____ 11 L +W t MU2 1 )-OM2*EYI MU11 *( W (  M U l ) - S W (  MU1 1 *AL( VU1 i )-AQH-AQHI.*ALIHU *e5 G 2 6 3  

IF INENG,EQ.O) GO T O  3 5  - G 2 6 4  
DO 32  I JZ l rNENG G 265  

_____ 1MU 1 b t b b G 2 6 7  
GO TO 35 G 768 

l ) * S W (  MU) I - .  5*AQH G 270 
E ( 3 ,  N 1 =GJ (MU 1 *(  A L  ( MU 1-PL (MU1 ) )-e 5*EM I MU) *( AL ( VU) *RGSQ l6)mMUTgW G 2 7 1  

1(MUI  )eOM2/(AR*AR)-.5*AQA~ ___ G 2 7 2  
IF [NENG*EQ.OI GO T O  35  __ .- G 273  
DO 3 4  I JZ l rNENG G 2 7 4  

G 2 7 5  E ( 2  r N  )=E ( 2 r N  )-e 5* (QH( I J 1 +QMB (I J )+QMHU( I J  1 
34 €(3rNI=E(3rNI-,S*QAL(IJt - G 2 7 6  

G 277  
_I 30 CONTINUE ____ G 278 

RETURN __ G 2 7 9  
C G 280  

.- END G 281- 

. __ 32 E ( 1 rN )=E ( 1 rN 1-QH ( I Jj-*  5* (PMB I I J )--5*(QMA( I J 1 +QMA11 I J  *I 2. * W  (MU 1 - W  ( G 266 

- 33 E I Z-, N )=E I L MU1 1 * t H ( MU 1- 2 e *H 4 MU 1 b + W  I MU2 )-e S*EM ( MU I * OM 2* ( W MU) -9 L ( MU-G 26 9 

______ 

35 CONTINUE ___- ..- - 
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__ . - .- 
___ - - - S U B R O U T I N E  - - - DEUPPS I A r  NI D E T r  MAX J H 1 
- _ _  COMPLEX A l M A X e N )  t S W A P I D E T , C O * C l  H 2  

DO 7 I = l r N N  H 9  
CAVM=Oe H 10 
I I = I  H 11 
DO 1 J = I I  t N  H 12 
S W A P = A ( J r I I )  H 1 3  

H 14 
A I = A  I M A G (  SUAP I H 1 5  
C A V A = A B S ( b R ) + A B S ( A I )  H 16 

-- I F  I C A V N o G E o C A V A )  GO T O  1 H 17 
I R O W = J  H 10 
CAVM= CAVA H 19 

1 CONT I NUE H 20 
IF (CAVMmEQ.0.) GO T O  8 H 21 

C ROU I N T E R C H A N G E  H 22  
- IF ( I R O U . E Q m I I )  GO TO 3 H 23 

DET=-DET H 24 
00 2 L x 1 I . N  H 25 
S W A P = A I I R O H t L )  H 26 
C I I R O k i L ) = A (  I I r L I  H 27 
A ( I I  v L ) = S W A P  H 28 

2 C O N T I N U E  H 29 
3 S W A P = P ( I I  t I 1  1 H 3 0  

CET= D ET*S WAP H 3 1  
H 32  ._. C A O R M A L I Z E  P I V O T  ROW 

__ - K = I I + 1  H 33  
GO 4 L = K * N  H 34 

~~ 4 A (  I I t  L ) = A (  I I r L  ) / S W A P  H 35 
C E L I  M I  h A T I  GN H 36 

GO 6 L 1 s K . N  H 37 
S W A P = P ( L l r I I )  H 30  

H 39 
A (  L1r  L ) = A ( L l  r L  ) - A  I I I ,L 1 *SWAP H 40 

5 C O N T I  H 41 
6 CUNT I NUE H 42 

A R = R E b L ( S W A P )  _____I -- 

__- 

_ _ _ ~ -  - 

~~ 

DCI 5 L = K v N  __ 
~ _ _ _ _ _  NUE 
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-- __ --12 C - _-__ 
C - CUMPUTES D I V E R G E N C E  SPEED ~ L 3  
C I 4. 

R E n L  LAMBDA I 5 
G I M E N S I O N  X(3)19 Y ( 3 )  _- ---u 
COMPLEX E r O M r C D E T I W t A L  _- I 7  

- COMMON / /  I X  t J X  r I ERROR9 K O P T / C U M / C M r L A M B D A  r R H i l r  EM( 60') r E  I I 6 1  1 gGJ 4 611 I 8 
I 9 
I 10 
I 11 

I 13 

l r A (  60)  * B (  60) v SWf 60) r P R  vRGSQ(60) 9 MU*€ ( 3  13 J r W  (60 1 r AL (60 1 r NNI SWEEP, I P  
2POCDp I T M A X r  ISYMI  C L ( 9 0 )  9 A C I  9 O ) / S T A T I C / I  STVALOICMACI E L  r I  S H A P E / P Y L O N /  

__- - 3 B P Y (  10)  r C P Y (  10) r D P Y l 1 0 )  r E N J I € O )  r E N M I 1 0 )  r E N E I  I l O ) , E N G J I l O ~ ~ Y L I  10) r  

( Y l * Y 3 - Y 2 * Y 3  )*I X3-X 1) * ( X 2 - X 3 u /  ( Y I* 
4 L O C  (10 t r NENG - !-rz 

- _  Z Y 2 * ( X l - X 2  t Y  l * Y  3* ( x 3 - x l  ) + Y 2 * Y 3 * (  x2-x3) I -- I 14 
AB SC I SA ( X 3  r X 2 r  XI. r Y 3  r Y 2  r Y  1 ) = X 3 +  

IF I IST.GE.10) GO T O  7 I 1 5  
LAMBDAzO. 1 16 

. - - _- I 17 KOUNT=O 
- -____-___ I 18 _ -  I S T = 2  

r 19 - NN=3 ______- 
_- P R I N T  11 I 20 

I 2 1  L U = 1  
G A M l =  DAM I 2 2  

I 2 3  L A M B D A = D A M l  
C A L L  C F I  r 2 4  
C A L L  D E U P P S  ( E 9 3 r C D E T y 3 1  I 2 5  
X P = R E A L ( C C E T  1 I 2 6  

- 1 I A M R D A = L A V B D A + D A M l  I 27 
K O U N T = K O U N T + l  I 28 

I 29 C A L L  CFI 
I 30 

-- - -_____ I 3 1  X (  l ) = R E A L  ( C D E T )  
- ___- -- - .-- - - -____ I 32 - PLAM= L A M B D A * E L * E L  *EL 

I 3 3  

--__^_ __ __ .- 

____ 

___________ ___ 
-____ C A L L  DEUPPS ( E T ~ V C D E T T ~ )  ___ 

___ 
_- -___ _____ P R I N T  10, A L A M r C D E T r K O U h T  

F M F P = A B S (  X 1 1  L-XP J I 3 4  
-. - __ I f  ( F r F P . G E . A B S ( X I l ) ) , A N C , F M F P , G E I A B S ( X P ) )  GO TO 2 I 35 
-I-_ XP=X( 1) I 3 6  

I 37 
______  I F  (LPMBDA.GT.DAMMAX) GO TO 6 -- -_____ I 30 

.___ I 39  
2 Y ( 3 1 = L A M B D A  I 40 
- Y t 1 1 = LAMBCA-DAM1 I 41 

-_______ I 42 

-- - IF ( K C U N T * G T . 1 0 0 )  GO TO 6 ___- 

GO TO 1 _.---___ 

L AMBDA=LAMBDA- . 5 * D A M 1  - 
.._ . _____ I 4 3  

_. - C&LL CFI I 44 
-. -_ C A L L  DEUPPS t E r 3 r C D E T 1 3 1  _____-__- I 45 

X ( 3 ) = X ( l )  ___I_-__ I 46 
X ( 1 1 = X P  r 47 

- _  XO=X( 1) 1 3 -  

Y ( Z ) = L A M B O A  

-_-___ X ( 2  ] = R E A L  l C O € T  1 I 48 

ALAC=LAMBDA* E L * E L * E L  I 5 0  
I 5 1  

.- AM=Y I 2 I 52 
-- P R I N T  f0r AL AMIGDETIKOUNT 
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3 L A M B D A = A B S C I S A ( Y ( 3 ) r Y [ 2 ) 1 Y ( f l , X 1 3 )  r X ( 2 J r X ( l ) )  I 53 
- _ _ ~  C A L L  C F I  I 54 

I 5 5  
P LAM=LAMBCA*EL*EL*EL I 5 6  

I 57 
I 58 X (1 = R E A L  ( C D E T  1 

Y (  1 )=LAMBDA I 5 9  
IF ( I 60 
/rM=L I 6 1  

~- I F  ( K C U N T m G T o l O O J  GO T O  6 I 62 
I 63 

-. __ LU=2 I 64 
DAM 1=DAM 1/40 I 65 

-_ KOU N T=KOU N T  + 1 I 66 
DO 4 I=LU13 I 67 

-~ L A M B D A = L A C B D A + D A M l  I 68 
C A L L  C F I  I 69 

____ C A L L  GEUPPS ( E ~ ~ ~ C D E T I ? )  I 70 
X ( I  ) = R E A L ( C D E T )  I 7 1  
Y ( I  I = L A M B C A  I 7 2  

I 73 
I 74 GO T O  3 
I 75 
I 7 6  PR I N T 8 r A n Y  I C D E  T I K CU NT 

RE T U R N  I 7 7  
I 78 b L AM= L A M  8 DA* E L + E L  * E L  
I 79 

7 RETURN T 80 

__________ ._ C A L L  D E U P P S  ( E t 3 t t D E T 1 3 )  

----- 
- ._ __ P R I N T  101 ALAMICDETIKOUNT 

~_ I f  (LAMBDAoGTmDAMMAX)  GO T O  6 -- 

~- 
_ _ _ _ ~  4 CONT I NUE 

5 A L A M = L A M B D A * E L * E L * E L  

__._. 

_ _ _ _ _ - _ _ _ - ~ - ~  
_ - _ _ _ _  _ ~ ~ _ _  - . - _ _ _ ~  ~- 

___ _ _ _ ~  

~ -~ - 6 - .- 

__ - P R I N T  9 9  K O U N T t A L A M t C D E T  _ _ _ _ _ _  

C I 8 1  
8 ___ FORMAT ( / / , 2 0 X , 2 1 H D I V E R G E N C E  A T  L A M B D A = t E 1 6 o 8 r  S X , S H ~ E ~ E 1 6 . S , 5 X  I 82 

1 t 1 8 H N O .  OF I T E R A T I O N S = t I 4 / )  I 8 3  
- 9 FORMAT ( / /  1 2 0 X  I Z O H O I V E R G E N C E  N O T  FOUND, 5x1 6HKOUNT= - t I 4 r 5 X  P 7HLAMBDA= I 8 4  

I 8 5  f vXIXZFITX I 5HCDET= t 2 E  16. e /  ) 

- _. - _ _ ~ _ _  

..___ ___- 

ro __  -- F CRM A T 
11 ___ FORMAT ( 8 XI 6HLAMBDA t ?OX 9 4HC D E T  t 1 5  X 7 1 OH1 T E R A T  I ONS ) 

( 5 X  I E l  6 8 v 1 OX I E 1 6  a 8  I 1 X  t E 16 81 10x1 I 2 1 I 86 
I 87 
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-. .. . - - - 
- SU@OXTJNE_NATRL I I L M A X v O S t  O E I O D E L  1 - _ _  - _. ~_ J 1  

C . - _ _ ~ -  J 2  
t COMPUTES NATURAL F R E G U E N C I E S  OF A I R C R A F T  ._ J 3  
C I L M A X = N U M B E R  OF F R E Q U E N C I E S  TO RE FOUND J 4  
C C S = S T A R T I N G  V A L U E  FOR SEARCH ____ J 5  

J 6  

- . ~ _ _  
________-__-- 

____- _-  _- c __ O E = m L  VALUE F O R  SEARCH 
C _ _ _ _ _ _  C D E L = S T E P  SIZE T O  B E  U S E D  I N  SEARCH __ _ _ . ~  J L  

__ - - - - - -- -_ - . ~ _ _ _ _ _ _ _  J8  
R E A L  ___- LAMBOA J 9 
COMPLEX OMIWIALIETCDET J 10 
COMMON / /  I X t J X v  I E R R C R  ~ K O P T / C U M / O M I L A M B D A I R H D ~ E M I ~ ~ )  r E 1  ( 6 1  1 r G J (  61 ) J 11 

l . t A ( 6 0 ) 9 6 ( 6 0 1  r S W ( 6 0 )  ~ A R , R G S Q ( ~ O ) ~ M U I E ( ~ ~ ~ I , W ( ~ O ~ ~ A L ( ~ O ) ~ N N ~ S W E E P ~ I P  J 1 2  
__ ZKOCDr I T M A X ,  I SYMr C L  ( 90) t AC(  90)  / S T A T  IC / I  ST ~ A L O I C  MAC, E L  9 I S H A P E / P Y L O N /  J 13  

3 R P Y (  1 0 )  r C P Y I 1 0 )  r D P Y f  101 T F N J (  10) 1 E N M ( 1 0 1  t ENE I110 ) r E N G J (  10 1 T P Y L (  L O l r  J 14 

__-_I-- 

__- __ __ 

___ 4 L O C (  10 b N E N G / F R E Q / O M l (  5 b , D C M l r D A M v  C M M A X l r  TDAtAt DAMMAX J 1 5  
C AMBD A=Oo J 1 6  

J 117 NN= 3 
J 1 8  
J 1 9  

XD=ODEL*ELD ._ J 20 
- XMAX= U E * E L D  -- J 22 

____-_ .____ 
____-  € L D = l . / [  EL*ELI 
.- . . - - X=OS _- * E L D  - ____ 

- - - - __ __ - . .._ 

I M = l  J 2 2  
J 2 3  CM=CMPLX ( X t 0 h 

_______ P R I N T  71 I S Y M  J 2 4  
C A L L  C F I  __ J 2 5  
C A L L  DEUPPS ( E 1 3  r C D E T q 3  I J 25 
F P = R E P L ( C C E T )  . J 27 

1 X=X+XD J 28  
__- OM=CMPLX(X*  -0) J 2 9  
___- I F  (X.GToXMAXI  GO T O  5 J 30 

J 3 1  C A L L  C F I  
J 3 2  
J 3 3  F = R E d L  ( C O E T )  

I F  ( I X o E Q . 2 1  GO TO 2 J 3 4  
J 3 5  

J 37 
J 38 
J 39 F P = F  

GO TO 1 J 40 
_.___-__ 3 I F  ( A B S ( X D ) m L T e A B S ( X ) * . 5 E - 2 m A N D . X D . G T . O I I  GO T O  4 __ J 41  

XD=-. - 5*XD J 42 
~ J 4 3 -  F P=F 

J 44 GO -10 __ -- 
J 4 5  4 CM1 ( I M ) = X * E L + E L  - ~ _ _  
J 46 FP = F ~ _ _ _ _ _ _ - _ _ _ _ ~  ___ 

I F  ( I M m E Q o I L M A X )  RETURN J 47 
J 48 I M = I M + l  ~ _ _ _ _ _ _ _ _ _ _ _  
J 49 XD= OD E L *  E L D  ___ --______ 
J 5 0  GO TO 1 
J 5 1  5 P R I N T  6t I M I G E  ____ 

R E T U R N  J 5 2  
C J 53 

J 5 5  1 T O  OMEGA=pE16.8 / )  -- ___ 
J 5 6  
J 57 

___ ___-. - __ 

___ __- _ _ _ _ ~ -  ________. 

- - - _  ~ ____ C A L L  OEUPPS ( E , 3 , C D E T , 3 )  _--_.___- 

____- ______- 

________ __ P R I N T  81 F P v F P X  
2 CONT I NUE J 3 6  __________ 

FMFP=ABS --- ( F - F P 1  - 
____ __ - - I F  ( F M F P . G E . A B S ( F ) , A N D . F M ~ P . G E . A B S ( F P ) I  GO TO 3 ~ - _ _ -  -__ 

-__- ._ ____- - 

__ - - - ~ _ _ _  - 
~ _____- ._. __ _ - - 

_.__ 

- -- 

___--- 
_ . _ _ _ _ _ ~  

- ___- 

6 FORMAT [ / r 2 X , 2 5 H S f A R C H I N G  F U R  ROOT N U M B E R v I 2 , 2 7 H N O  ROGT FOUND OUT- J 5 4  

7 

__- 
________ ____ 

FORM A T ( / 1 1 X  v 5H I S Y M= t I 4 ) 

END J 59-_ 

__ .. ___ - 
8_. - FORMAT ( 3 X v 3 H F P = ,  E16.89 4 H  F=, E l b e 8 r 4 H  X = r E 1 6 . 8 )  - - _--__ 

_____ 
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TABLE 1.- FLUTTER SPEED COMPARISONS FOR UNIFORM 

Program 
or 

reference 

4 and 5 
COMBOF 
COMBOF 
COMBOF 
COMBOF 
SADSAM, ref. 7 
SADSAM, ref. 7 

Program 
or  

reference 

CANTILEVER RECTANGULAR STRAIGHT WING ' 

O F  ASPECT RATIO 6.67 

Description 

Exact analysis 
10 finite-difference stations 
15 finite-difference stations 
20 finite-difference stations 
25 finite-difference stations 

1 finite element 
10 finite elements 

Flutter speed, 
km/hr 

494 
484.2 
483.4 
483.1 
483.1 
447.1 
472.5 

Percent 
difference 
with exact 

solution 

--- 
-2.0 
-2.1 
-2.2 
-2.2 
-9.5 
-4.4 

Flutter 
kequency, 

Hz 

11.25 
11.20 
11.24 
11.28 
11.27 
---- 
---- 

TABLE II.- FLUTTER SPEED COMPARISONS FOR THE SYMMETRIC 

FLUTTER OF UNIFORM RECTANGULAR STRAIGHT WING 

O F  ASPECT RATIO 6.67 AND WITH ATTACHED 

FUSELAGE AND TIP WEIGHTS 

5 
COMBOF 
SADSAM, ref. 7 

COMBOF 
SADSAM 

COMBOF 
SADSAM 

5 
COMBOF 
SADSAM 

- 

Case 

1 
1 
1 

1 
1 

1 
1 

2 
2 
2 

(a) 

- 

Description 

Exact analysis 
31 finite-difference stations 

10 finite elements 

31 finite-difference stations 
10 finite elements 

31 finite-difference stations 
10 finite elements 

Exact analysis 
31  finite-difference stations 

10 finite elements 

Flutter speed, 
km/hr 

1054 
1049 
1049 

994 
990 

943 
961 

826 
821 
837 

Flutter 
'reque ncy : 

Hz 

3.05 
3.05 
3.01 

1.81 
1.81 

16.48 
16.2 

3.05 
3.02 
3.00 

Branch 

First torsion 
F i r s t  torsion 
Fir st torsion 

First bending 
F i r s t  bending 

Second bending 
Second bending 

F i r s t  torsion 
F i r s t  torsion 
First torsion 

aCase 1: center of gravity of tip weights.coincides with elastic axis 
Case 2: center of gravity of tip weights located aft of elastic axis 
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TABLE ID..- FLUTTER SPEED COMPARISONS FOR UNIFORM 

CANTILEVER RECTANGULAR SWEPT WING 

OF ASPECT RATIO 12.4 

Sweep angle, 
deg 

I I I 

Reference 6 
I 

I Flutter speed, km, 

0 
30 
45 
60 

Experimental Analytical 

368 346 
378 368 
433 426 
56 3 568 

Percent Ll difference 

-2.3 
-2.1 

TABLE 1V.- PROPERTIES OF BORON-EPOXY COMPOSITE, UNIFORM, 

CANTILEVERED, RECTANGULAR STRAIGHT WING 

OF ASPECT RATIO 6.67 

Elastic moduli: 
EL = 276 GN/m2 

Et = 27.6 GN/m2 

vZt = 0.25 

Gzt = 10.3 GN/m2 

Wing properties: 
a = -0.34 

b = 1.0 

x, = 0.2 

ra2 = 0.29 

c = 271 

ac = -0.5 
1, 
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Lumped fuselage /--\ 

Flexible fuselage 
mass forward 

engine masses 

Lumped fuselage _I/ 
mass aft \ 

'2, 

c 

Rigid carry-through beam I/ v- 

I 
I 

/ 
74) 
X 

1-6- I 

Center of 
gravity axis 

Section A-A 

Figure 1.- Aircraft model. 
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%U 

Figure 3. - Laminated, balanced ply, filamentary composite wing box. 
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Yes 
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Find natural 
frequencies 
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Figure 4.- Flow diagram of COMBOF. 

99 



Filaments -A 

Elastic axis 
of wing 

Angle of filament orientation, 8, deg 

Figure 5.- Variation of GJ and E1 with filament orientation for uniform wing. 
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Figure 6.- Effect of filament orientation on flutter speed of 
several swept cantilever wings for m mrK = 8. / 
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Figure 7.- Effect of filament orientation on the flutter speed of 
uniform rectangular straight cantilever wing with aspect 
ratio of 6.67 and m/mrK = 64. 
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0 45 
Angle of filament orientation, 8, deg 

90 

Figure 9.- Effect of filament orientation on flutter speed for uniform cantilever 
rectangular straight wings of aspect ratio 6.67 over a range of mass ratios. 
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Skin thickness taper 

Uniform laminate 0 
0 

0 

30% thickness 
taper laminate 

60% 

Angle of filament orientation, 0, deg 

Figure 10.- Effect of filament orientation on flutter speed of variable lamina 
thickness cantilever rectangular straight wings of aspect ratio 6.67 and 
m/mrK = 8. 
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Figure 11.- Engine loads applied to wing elastic axis. 
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