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WITH PARAMETER STUDIES OF COMPOSITE WINGS

By J. M. Housner and Manuel Stein
Langley Research Center

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 s‘tructures 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 stiffness dis-
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. Thé 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 Iaminated, 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

r coefficients of superimposed displacement field as defined in equation (D3)
211,3195299,833 elements of elastic matrix as defined by equations (9) to (11)
a,a local dimensional and nondimensional offsets of elastic axis from midchord,
respectively (positive towards trailing edge), a = ,K—?'—
T
a'.c,ac local dimensional and nondimensional offsets of aerodynamic centér from
midchord, respectively (positive towards trailing edge), a; = %‘i
r
b, reference value of semichord
b,b local dimensional and nondimensional semichords of airfoil normal to elastic
axis, respectively, b= b
r
b* local sémichord of wing box
C(k) Theodorsen's circulation function
cZ local lift-curve slope
o'
D complex flutter determinant
a,d dimensional and nondimensional fuselage diameter, respectively, d= g
l
El’Et Young's moduli parallel and transverse to filaments, respectively
(EI)p pylon and/or fuselage bending stiffness
(ED), reference value of wing bending stiffness
ELEI local dimensional and nondimensional wing bending stiffness, respectively,
EI
Bl = —/—-
ED,
e elements of flutter determinant defined by equation (D4)



Glt composite shear modulus

(GJ)p pylon and/or fuselage torsional stiffnesses
GJ,GJ local dimensional and nondimensional torsional stiffnesses of wing,
respectively, GJ = GJ
hp upward vertical displacement of any point along pylon V
h,h local dimensional and nondimensional upward vertical displacements of
elastic axis, respectively, h= gh-
r
Je Jacobian of flutter determinant defined by equation (D2)
bL.w
k reduced frequency, ~
k
k.=
1 cos A
: f,L dimensional and nondimensional lengths of pylons, respectively, L = k_)L-
r
l length of wing along elastic axis
Mp bending moment on pylon at root
m, reference mass per unit length along wing elastic axis
m,m local dimensional and nondimensional mass distributions per unit length along
elastir axis, respectively, m = m
myp
_ . . ‘ . . : . -ﬁe
m,,m, dimensional and nondimensional mass of engines, respectively, mg = ==
m
r_n'eje,meJ o dimensional and nondimensional rotational inertias of engine masses,
. EeJ e
respectively, m.J, =
e =3
m.[
r
N number of finite-difference stations



NL number of composite reinforced laminas in each cover face
Qll’le’QZZ ’Q66 elements of reduced stiffness matrix defined in equations (12)
' to (15) )
_Q—h,Qh local dimensional and nondimensional upward aerodynamic lifts per unit length
Q
of elastic axis on wings, respectively, Q =
br(EI)r
6—2 a’Q o local dimensional and nondimensional aerodynamic torques on wings,
tively. Q Q,l
respectively =
T (ED,
dh,qh dimensional and nondimensional upward vertical loads, respectively, applied
5 74
a,l
to wings by pylons, q, =
q mm dimensional and nondimensional bending moments, respectively, applied to
- Gl |
wings by pylons, q =
br(EI)r
éia,qa dimensional and nondimensional torques, respectively, applied to wings by
, qazz .
pylons, q =
T Y (ED),
R ' ratio of wing length along elastic axis to reference semichord, Bl—
r
T S o local dimensional and nondimensional radii of gyration, respectively, of wing
T
about elastic axis, r =%
a b,
T kinetic energy of wings
T, torque applied to pylon at its root
U strain energy of wings
a wing displacements along elastic axis
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€|

SW,,,6W,

X,y,2

airspeed ,
éhordwise wing displacement, positive towards trailing edge
upward vertical displacement of wing

virtual work of air loads and engine masses, respectively
aircraft coordinate system as shown in figure 1

axial coordinate of pylon

local dimensional and dimensionless offsets of wing center of gravity from

elastic axis, x 6 = —

twist of wing, positive leading edge up
quantity defined by equation (E11)

dimensional and nondimensional distances, respectively, between adjacent

finite-difference stations, ¢ =

N”m

thickness coordinate of jth lamina

coordinate of wing along elastic axis

pitch about Y-axis

angle of filament orientatio}n, measured from 7 axis

11pbr2

reference wing mass ratio,

T
sweep angle

=3.,2
pbrl A

nondimensional dynamic pressure, ——(—}-i)——
r



Vi Vg Poisson's ratios for the composite material
¢ chordwise coordinate of wing, positive towards trailing edge
p air density

077’05’0?75 stress components in wing

o} roll angle about X-axis
[ m Y2
Q nondimensional frequency, wi
(ED),,
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 are modeled as beams having an arbi-
trary 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-twisting 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 are rigidly attached to the carry-
through beam.



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 flutter 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

h= ﬁoeiwt (1)

o= %eiwt ‘ (2)
where Eo and « o 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

(- 2208 - o)) -0 @

where (), (M), and (4] are the stiffness, mass, and aerodynamic load matrices,
respectively. (The complex matrix EA] does not include the mass effects of the air
surrounding the wing; these effects are incorporated into matrix [M]) Also in equa-
tion (3), [qj is the column of generalized displacements of the model, A is the dimen-
sionless dynamic pressure, and £ is the dimensionless complex frequency.

For a given value of X, equation (3) represents a complex eigenvalue problem, for
which a set of eigenvalues @ = S‘ZR + iSZI and eigenvectors Cq] exist. Each pair of
values (A,2) 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 > 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, A =0, all the branches emanate from the natural frequencies
of the system when the effective mass of the air is taken into account because



lim(A(\,Q)) = 0 » 4
hlfa[ (,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 (1), as starting points.

(3) For each value of A, the complex eigenvalue € 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 A= 0.)

Preprocessing the Wing Stiffness Distributions

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

The cover of each box contains N, layers and each layer contains an equal num-
ber of filaments oriented in the plus and minus 6; directions (j = 1,2,...,Ny). The
filament orientation angle 9]- 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. '

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

Ny,
5 =457 ) (6] - o), . ®)
j=1
Ny,
& =105 ) (67 - ol Jags, (©)
S



where b* is the semichord of the structural wing box as shown in figure 3 and

Co =Zp (7

§5=S-1 Y o G=1,...,.N) (8

in which Zrp is the distance of the upper and lower covers of the box from the middle
surface of the box. (See fig. 3.) In addition 241 i and agg j are coefficients of the
following elastic matrix which defines the orthotr(,)pic stress-strain law (ref. 8) in the

jth lamina with filaments oriented in the plus and minus Gj directions:

%mil [P P12 0 1le
.| = ; . 0 9
%i| =|?2,; 222 € ©)
. 0 .
nt,i 0 2233 i fn&

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

all,j = 2[:Qll cos49j + 2(Q12 + ZQBG) sin? 9]- cos? ej + sz sin4 ej:l (10)

- - inl 2

+ Qgg (sin4 05+ cos4 9}->] (11)

where EQ:] is the reduced stiffness matrix whose elements are

Z
Qll = (12)
1=y,
Q % (13)
22 =
1=y
v, B
Qo= Bt (14)
12 l-v,p
it

10



Qg6 = Gyt ' (15)

In equations (12) to (15), E 1 and E, 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
develbped 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 or 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 A = 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-
mation, the program finds a user specified number of lowest natural frequencies.

@ A subroutine named RLF traces each branch, starting from the natural frequen-
cies found in step @, till a flutter speed is found or a specified maximum airspeed is
obtained. ‘

11



@ The lowest flutter speed is chosen, or, if no flutter speeds have been found, the
program may terminate.

@ The parameter of interest is incremented, and the preprocessor computes new
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 X =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 9 along the
branch to see if flutter is imminent

@ the number of airspeed increments made along the branch
@ the maximum airspeed limitation

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 SADSAM (ref. 7)
computer program. The results of these comparisons are given in tables I, II, and II.
In order to agree with references 4 to 6, the aerodynamic coefficient [clo;] and the aero-

dynamic center a, were set equal to 27 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 latér 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;

12



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., 05 = 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 EI and GJ
with 6. These data are shown in figure 5. Notice that while GJ is symmetric
about 450, EI is asymmetric, decreasing with increasing 6.

The variation of the dimensionless dynamic pressure A with 6 is shown in fig-
ure 6 for three swept wings. Values of A above the flutter boundary are unstable,
whereas those below are stable. The figure indicates that for 4 < 55° the effect of

13



sweeping the wing is to raise the flutter speed by a factor between 1 m and

1/cos A. This effect is about the same as that recorded in references 6 and 9 for all-
metal wings. However, when 6 > 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 or near 4 = 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 A (which corresponds to the lowest flutter speed) even if A is
discontinuous. Such a situation occurs in figure 7 for a relatively high-mass—ratio wing
(a heavy wing or low-air-density —high-altitude flight, m/mrfc = 64) as the filament
orientation angle 0 is varied. The solid line in the figure represents the lowest flutter
speed and in general follows the shape of GJ infigure 5. The curve contains two dis-
continuities: one at ¢ = 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 6 = 36° and 45°.

Further details of the nature of the flutter boundary in the vicinity of the disconti-
nuity at 9 = 36° are 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 6§ increases from 35.10 to 45.0°. Flutter is indicated by a change in sign (from plus
to minus) of the imaginary part of Q. Notice that at 35.1° the second bending branch
almost goes unstable near A =4 while at the same value of 6 the first torsional branch
is unstable near X = 6.5. When 0 =43.2° the second bending branch becomes unstable
near X =5, while the first torsional branch is also unstable but at X = 7.3. With further
increase in @ to 45°, the second bending branch is still unstable while the first torsional
branch has béecome 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 GdJ.

The variation of A with @ 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 A decreases in size as the lamina taper
increases, and as anticipated, the flutter speed generally decreases with taper as well.

14



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 fo the following
three classes: wings having different angles of sweep, wings having different mass
ratios, and wings having variable lamina thicknesses. These studies demonstrated 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. )

In addition, the studies indicated that, as anticipated, the highest critical flutter
speed for swept and unswept wings occurred when the filament orientation was near +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°,

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., May 22, 1974. -
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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 el®wt, 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 cla(n) instead of 2w, a variable section aerodynamic center a,(n)

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 cla(n) and ac(n) are those for the

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

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

Q= biEoinszZ - i(cla)i RC;(ky) )\nk% by +b; 2| 02¢a;

H

" (%), AaR0,C; () | e - [(cl ) Ci(kn)
(cla)i

k. b s
3 i7] Jdb.A. —tan A + c -
HE] i"n g, (la)i 27

A, — tan A (A1)
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APPENDIX A

2 \| 2
R L Cilkn)iyy 2/ a1 3" \g2
, C.(k ¢ ). a .-a.
. 1 1( n) ( 04)1 c,i i
- 27k J==-(a; -a_ . 2
n*n° 2 (al ac;l) (cla> i 27 o1 b
Ci(kn)

2 itan A, 2 1,71 - ——
X% A i el by tan A Tkp| =+ g? vyl - (3 -2 ) (cla>1 oy
(Cl )i ac i - ai ﬂ)\.n dai
A i e, a0 (i=1,2,.,N) (A2
an by RZ &

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

o gt
h,1" p (ED),

>  (a3)

= =2
Qa iZ

— i J .
Qal

A7 (ED),

S

in which [ is the wing span (tip to root), b
reference bending stiffness. Also,

» 18 a reference semichord and (EI),. isa

- _. 5 . N _.
bi=—!'— ai.:—}_ aciz_.gil R:-l— hi=..1'..
by b, 1 b, b, b,

and A is the sweep angle. Furthermore,
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APPENDIX A

2
A=A cos? A = pbl,.l_3V2 COSZA

(ED,
. k ) brw
D cosA Vecos A
77pbr2
K =
my

Q= wi'z\/mr/(EI)r

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

i (1 + 10.6liknbj)(1 + 1.'774ikhbj)

Ci(ky) = (1 + 13.51iknbj)(1 + 2-745iknbj)

(] =1,..., N) (A4)

Moreover, to correct for compressibility effects, Cj(kn) 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

I, .
U= 510 [EI(h")z +GJ (a’)ﬂ a7 (B1)
where a prime denotes differentiation with respect to 7, the coordinate along the elastic
axis of the wing. The variation of equation (B1) may be expressed as
N-1

ou = Le(&n), nyofy +¢ ) (), Kok + 22(1) Aiyohy
i=2

DN f=

+€

12

(63)1-1/2 @179 99 1 /9 (B2)

i=2

1

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

The kinetic energy of both wings may be expressed as

{ —[=2 .= —= 2:9
T=S‘ m{h - 2ahx,) +mF "o dy (B3)
0
where
m mass of wing per unit span
r o radius of gyration of cross section about elastic axis
X, offset of center of gravity from elastic axis (positive towards the trailing edge)
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and a dot signifies differentiation with respect to time. The variation of equation (B3)
may be expressed as

- . 29 .
+ -2-emN (hN N o N> 5h + (aNra,N hN o N) bory (B4)

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

DD | =

1 e
OW, = Ee(qh 15h1 + q 1<Sh1 + q 16a1)

-1

N
- - had - ot -
+€ Z (qh,iéhi + c1m’16h.1 + qa’iﬁai)
i=2

L1z o
+3 e(qh OBy * g OBy + qa,NéaN) (B5)
where qh i éim ;» and q

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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N-1

1.0 lof= .= .= - N[z . =

Low, - Ee(Qh’iﬁhl + Qa’léal) +e Z (Qh’iGhi + Qa,iéai>
=2’

‘- A
Ee(Qh wOhiy + Qg O N) (B6)
Substituting equations (B2), (B4), (B5), and (B6) into Hamilton's principle,

t N

g 2 (sU - 6T - oW, - awa) dt =0 (BT)
t
1

with harmonic motion of the form el®! peing assumed, and using the following finite-

difference expressions for derivatives of Ei and o,

i and their respective variations

- 1 _
By = 2—:(51+1 - hi-l) (58)
€
= 1= = - »
R = é—-(hi o - 2R + B ) (B9)
o) =Y - a (B10)
i-1/2°7 E( i i-l)

yield

't 1M1 1.3 (EI)rGhO N e eh
0= 5’51 3(ED3 (B = 20y + o) + F ey, 4| =TS+ |~(ED by - 20y + by)

1 2 1
S+ (EI)Z(h3 ~ 2hy + hl) - §e4mlﬂ (hl - alxa,l) - -2-64(Qh,1 + qh,l)

13 (EI) éh
+ -z-e qm,] 3ZR2 [(EI) - 2h1 + ho) - 2(EI)2(’h3 - Zh2 + hl)

' 4. o2 4
+ (EDg(hy - 2bg + hy) - e*m,0%(h, - QgXy 9) - € (Qh,2 + qh’z)
(Equation continued on next page)
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N-2
1.3 1 (ED) by 2h h
"5t 5] St 2, (Ehaa(Prve - s +)
i=3

- 2(ED); (by,q - 20 +hy_y) + (D (b - 20y g +b; ) - e4miﬂz(h - 5%, )

‘ (ET),.5h,
- eH(Qp i+ U ) + %‘53(‘1m,i+1 - qm,i-1B‘;§‘l%z‘l‘ * EEI)N-Z (hpgeq - 2hyop + hy.3)
- 2(EDy_ 1<hN - 2hy_q + hN_Z) + %(EI)N(J:;N+1 - 2+ hN_l):

'€4mN-192(hN-1 - "‘N-lxa,N-l) '64(Qh,N-1 + qn,N-l)

EI) oh |
1.3 1 ( N- 1

- (ED)yg{hyyq - 2y + by ) - 2 etmy0? (b - oy aN) - %e.‘l(Qh’N + Gy )

EI),.5 (EI),.6h
1 3 ) ( 1.3 N+1
ED)_do
1 2.2 2 1 4 (ED dey
2R’ el
N-1 , e4miﬂz
+ Z -(GrJ)i_l_l/2 (ai+1 - ai) + (GJ)i-l/Z (ai - ai-—l) - = (O‘ira,i - Xa,ihi)
i=2

(Equation continued on next page)
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2
(ED)_da. e2m, 0
2 . ri 1 N 2
-e¥(Qq 1+ 9 i)| o * |(IN-1/2 (@ - @N-1) *3 Rz ("lNr a,N ~ Xa,NhN)

EI) 6a :
1 9 ( r N
- EG (Qa,N + qa,N) ——E'z-.——'— dt (B11)

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 X = }_{gLi. r = I_‘g.ll
Z a,l bI‘ a,1 br
(EI)i = I (GJ)i = qh,i = b"—"""—
(ED), (ED), (ED),
- =2 = 3 —
q . = gg.’ll.}. q . = gﬁl_l_i_l_ . Mm. = n—i
o,l (EI)r m,1 (EI)r 1 mr

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

Symmetric Modes

For symmetric modes,

where ¢p is the roll of the fuselage. However, since the wings are attached to the
fuselage via a rigid carry-through beam, qu is also the roll of the wings at the first

finite-difference station, hence

O=¢F=¢>1=ﬁ'1(:osA+a1 sin A (B13)

Expressing equation (B13) in finite-difference form, with dimensionless quantities intro-

duced, gives
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hg = hy + 2¢Ra; tan A ‘ (B14)

whose variation is

6hy = 0hy + 2eRday tan A (B15)

Inasmuch as equation (B11) must be valid for all independent variations of h,

and 'ozi 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

24

C=

eznzm1 9 19
Gz (@2- ) "33 (ra,l"‘l - B1h1) -5¢2(Qq,1 * 94,1)
: 13 tan A
+ ZEEI)I(hz - h; +€Ray tan A> +3€ qm’J—GR (B16)

-2(EI)1(h2 - hl) + (EI)Z(h3 - 2hy + hl) - %e4m192(h1 - alxa,l)

1 4 1.3 o
- -Z-e (Qh,l + qh,l) + 56 qm’2 - ZeR(EI)lozl tan A (B17)
ezmzﬂz 9
~(GI)g /9 (23 = @g) + (Gd)g /9 (g - 2y)- —Ez‘“(“ra,z - ﬁzhz)
2/
-€ (Qa,z + qa,Z) (B18)

2(EI)1(h2 - hy +€Ra; tan A) - 2(EI)2(h3 - 2h, + hl)
+ (ED; (hy - 2hg +hy) - e4m2&22(h2 - agx,, 5)
?

4 1.3 |
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0= -(G);_1/9 (%41 = ) + (G5 g /9(2 - )
ezmiﬂz

R2

2 2 i=
(aira,i - Xa,ihi) -€ (Qa,i + qh,i) Fl = 3,4,...,N-2) (B20)

0= (EI) +1(hi bo - 2h g+ hi) - 2(}31)1(11i 41 - 20y + by 1)

N (EI)i-—-l(hi - 2h, 4+ hi-z) - e4miﬂz(hi - aixa,i)

4 1.3 .
- e(Qpq + O,1) = 5¢%(Um,i-1 ~ D is1) (i=3,4,..,N-2) (B21)

0= -(GIy_1/0(2N - 2N-1) *+ (CIN3/2 (®N-1 - On-2)

2 2
€“m Q

N‘-l 2 2
T RE (Q‘N-1ra,N-1 - hN-lxa,N_l) -€ (Qm,N_1 + qa,N-l) (B22)

0= (ED)y_g(hy.1 - Zhyy_g * hyg_g) - 2(EDy_g (hy - 2hyg_y + hyg o)
- 64f"‘N.192(hI~I.-1 - aN-—lxoz,N—l) - 64(Qh,N-1 + qh,N—l)

1
- §Es(qm,N—2 - qm,N) (B23)

_ ) (1 €my 2
0= (Ghy_1/2(*N ~ ON-1) = 3 2 ("‘Nra,N - xa,NhN>

- %ez(Qa,N + qa,N) (B24)
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0= EDy_y(hy - 2hy_y + hy_p) - %e‘lmNﬂz(hN - g, )

1 1 :
) 564(Qh,N * qh,N) - 563(qm,N + Ay N-1) (B25)

In addition the following equation, which results from equation (B11), was used to
eliminate hy , from equations (B23) and (B25)- ‘

- 1.3
0= (EI)N(hN+1 - 2hy + hN_l) - 5% N (B26)

Antisymmetric Modes
In the antisymmetric case the constraints on the motion are

Op=hp= 0 (B27)

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

Ry =Ldgg | | (B28)

DN | b=t

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

0= Op = @y cos A - (hy - hy) Ez% (B2S)

hy = %dE{al sin A+ (hy - hg) C‘;i A:] (B30)
where

d= g (B31)

Equations (B29) and (B30) together imply

21 tan A
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and their variation gives

bay = %(éhz - Gho) tigA

1
ohy, = =
174 ¢ccosA

Again, equation (B11) must be valid for all independent variations of hy

(B33)

(B34)

(B35)

and «:; which

satisfy equations (B34) and (B35); hence, the governing finite-difference equations for

antisymmetric flutter are obtained as follows:

2
|1 1 d 1 2 1.2 2.2 tan®A
0= -2-(EI)1 +Z(EI)1 < cos A+ Y (GJ)3/2 tan® A - §ra,1€ Qmy -

) v
+ Igmlxa,l de

R cos A 8 COSZ A\E Z cos A Tg COS2 A
2,2 ‘ (ED)
1 de“Q 1 262, tan A 1 1 1d
- My —————t —m.X 1 €°0%d hy + = (ED); - = =
32 102 A 16Vl Rcos Al 0 5 EDy 4cos A€
1 2,.12 22 tan®p 1 2,2 tanZ A
1 (GJ)3/2 tan® A + 5 Ta,16 2°my mlxa’1 de Roos A

rZ 16

1 (EDy g 1 (EDy (d>2 1 BDy g 3 (EDy 4 4 myd?e?o
+ = -z = s
€ 2cos A€ 16cos2 A€ 32 cosl A

ZCOSAE 80082 A

202 tan A 1 d 1.3
-—mydx e“Q° == h, - = (El), =h =
16m11a,1 — L 4(I)Ze 3cosA+4e U, 1

tan A , 1 e3d

1.3 1 1.2
* 26 (Qa:l * qayl) R * 8 cos A(Qhal * qhyl) 86 qm,z d cos A

tan A
R

1

(ED) 2, (E]) (ED)
22 tanA 1 1/9) L1 1g+1 2

(B36)

27



APPENDIX B

tanj&]_emzﬂ

1 2
= -(GJ)5/2(a3 - 012) + (GJ)3/2 Elg - E(hz - ho) R R2 (azra,z - xa,2h2)

- Ez(Qa,2 + qa,2) - - (B37)

hy - hy

_1 _1dbha-Bo i i 1d h, - 2h, + hy)

1 17 \tana] 142 (2 tana 1 %a,

hy, - h

1 1 - 1d™2 0
= 2 he =29 4 Y. .1
+2(Qa,1+qa,1) eR tanA+4[(EI)1<2 5 ¢ cos + 0)

-h
- 1d 0) 142, (L __d tan Ay
+ (EI)2(h3 2hy + 3 s A) €0 ml(z oo~ %ol R >(h2 h0>

1.4 1.3 4 B
2 ¢ (Qh:l * qh:l) ¥ 2 ¢ qm,z]e cos A (B38)
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

Op = ¢p=hp=0 (B39)
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By using equations (B13), (B29), (B30), and (B39), the constraints take the form
and
hy=hg (B41)

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

bhl = 6h1 =0 , (B42)
and

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

252
_ €78 2

- Ez(Qa,Z . qa,Z) | ,_ (B44)

0= 2(ED),; h, - 2(EI)2(h3 - 2h2) + (EI)3(h4 - 2hg + hz)
4.2 4 13
-e°Q mz(hz - Xa,zaz) =€ (Qh’z + qh,z) + EE qm,3 (B45)

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

A free-body diagram of the pylon-engine model is shown in figure 11. Itis
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

d2h

pdxp

where (EI)p is the bending stiffness of the pylon, m, is the mass of the engine, and
hp is the upward vertical displacement of the pylon. Integrating equation (C1) twice
yields

(ED mex h o (0) (c1)

hy, = W w2h 00 S“xp G dx + ep(i) (I—_. - xp> + hp(i) (C2)

where L is the length of the pylon.

Evaluating equation (C2) at the engine yields

To,(L) +n,(L)

h_(0) = — (c3)

P sz dx

1- ﬁewz
0 (EI)p
Then, from the equilibrium of the pylon,
92—
w“m - -
P, = w?Mehy(0) = oy [Lep(L) - hp(L)] (C4)
- (w¥/op?)
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and
_w?Lm{To(T) - n(T)] <)
Mp B 1- (wz/wB2>
where
’% - &, gi x® dx (C6)

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,

3(EI)
wp? = —=F )
myLY
Pylon Twist

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

doy, _ -
(GI), =2 = T eTw?9,(0) (C8)
p

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

¢, (L)
0) = P
¢p(0) - (wz /sz) (C9)
where
_ AL
__1_2_= H_J, y _ox (C10)

For a uniform pylon,
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(GJ)
wp? = b (c11)
LmgJd,

-

Hence from equilibrium, the torque at the pylon root is

@ J 2 i ,
T ___me ew ¢p( ) (012)

| (wz /wTZ)

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

ep(i) = a; cos A - ﬁi' sin A ; (Cc13)
¢p(i) = q; sin A + Ei' cos A (C14)
hy(L) = -5 (C15)

€ h,i = Pp (C16)
€y 5 = M, cos A + Tp sin A ‘ (C17)
€y i = Tp cos A - Mp sin A (C18)

except for i =N where &/2 should replace &. TFinally, substituting equations (C13) to
(C15) into equations (C4), (C5), and (C12) and then substituting the resulting equation into
equations (C16) to (C18) yields, in dimensionless quantities,

2 m dh. .
Q e isin A
qhi=.__._..____2__._ (QicosA___._F._)L.;.hi (C19)
’ 1 - (Q/QB) € an
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m dh, .
qai=92_£.<a_cOsA____lsmA>L+h ‘L cos A
H

eRZ[\ ! &7 R i (Q/RB)Z
m dh. .
+ 3, -2 02 (cei sin A + — 298 A) SnA (C20)
€ € am R /1. (Q/QT)
q.:=4d -n—lgﬂzRa sinA+£iEl—iCOSA\ cos A
m,i~ ‘e ¢ 1 7 R /1- (9/92)?
m_L dh, . .
-2 ¢ (oz. cos A - —EM)L W B ¥ (c21)
eR 1 dn R 1 - (Q’/QB)Z
where
= m J
L = -I:l—. me = .:—-e—- Je = ..._e_
by Im, r
2-4 254
2___mrwBl 92___merl
B (ED),. T (ED),

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

(Roj tan A i=1))
h, 4 - h
1”81

_H',_z_e__}__ (i=2,3,...N-1)
dh,
L. C22
n < 1 e{[Z(EI)N . %e‘*szzqz*] > (c22)

ZEEI)N - (1/4)6492q3’j

1 ; :
X hy - (EI)NhN__1 *3 q *e4ﬂzaN (i=N)

L | | J
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where

(36)

(me)NLN2 sin 2A

62[1 } (Qz/QBZ):]N

Q2*= -

DN [ b=

(Je)N cos? A

N 62[1 _ (QZ/QTz)]N i

L2
N sin 2A (C23)
2 [ 2 2]
€“Ril - {Q</Q
B
o).
(C24)
LN2 sin A
(C25)

a5 = (me)N EZE ] (Qz /QTZ)] 53R2[1 - (QZ/QBzﬂN

+
N

and the Subscript N designates the properties of an engine/pylon attached to the tip of
the wing. The value of th dn as expressed in equation (C22) was found from equa-

tion (B26) and (C21). In addition

(
o R |

For the case of antisymmetric flutter modes,

hy -hy

dh. 2¢

El_1d(h2'ho)J1
hg->—2_2/f2
4 ecos A JE

34
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(i=N)
J
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(c27)
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1 tan A|l i =
s E“z 2("2 ho)‘en“]z =1
'
" 1 tan A}l (C28)
an i =
E‘s ~5(h2 - o) = e (=2
Equations (C22) and (C26) are valid for i > 2. For the case of a cantilever wing
0 i=1)
e (c29)
dn h3
= i=2
5 (i=2)
a
) _2 i=1)
o €
B (C30)
dn ag (=2
— 1=
2¢

For 1i>2 the expressions for dhi /dn and dozi /dn may be obtained from equations
(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 mocdes, 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), Q, at a value of 2, is determined
from a Newton-Raphson iteration technique whose iterative steps are

g 3(Dy)g 3(Dy)| 5(Dy) 2(Dj)r
%1 =% 5Py T (PR gy [*Te|(PR T T P Tg | PV
2

;AP 2(P)r (PR AP 02)
C,J 3QR BQI 391 8QR

and (Dj)R and (Dj) [ are the real and imaginary parts, respectively, of the flutter
determinant Dj whose roots are sought on the jth iterative step. The partial deriva-
tives appearing in equations (D1) 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 (D1) to order three.

In this marching method, values of two displacements and one angle near the root of
the wihg 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 «.) 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 hyy= 1, h21 =aqq = 0, where the first subscript refers to the finite-
difference station and the second to one of three assumed solutions

(2) With the values set in step (1), solve for agq from equation (B16)

(3) With the values set in step (1) and derived in step (2), solve for hg, from
equation (B17)
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(4) Continue, using equations (B18) to (B28) to solve for aqy, hyq, 041, gy, - - -,
th, N1 in that order
(5) Set hyg=ay9=0 and hyy=1
(6) Perform steps (2) to (4) calculating agy, hgg, @g9, hyg, .. ., h
(7) Set hyg=hgg=0 and a;g=1

N2> ¥N2

(8) Perform steps (2) to (4) calculating Ogg; hgg, « .+, By, N3

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

3 3
by = Z Arhir aj= ZArair (D3)
r=1 r=1

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

J,
Ve(lzs) e§23) egzs)“ ”A;
e§24) e§24) e§24) Agl =0 (D4)
e(325) e(225) e(325) A,

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 rth 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 flufter determinant

D, lelo-g, (09)

Antisymmetric Flutter Modes
For antisymmetric flutter modes, the following procedure is used:

(2) Solve for hyy from equation (B36), agy from equation (B37), and h 41 from
equation (B38)
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(3) Continue using equations (B20) to (B22) to solve for « 41 Bgp - - o P @t
in that order
(4) Set h22 = azz =0 and h32 =1
(5) Perform steps (2) to (4)
(7 Perform steps (2) to (4)

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

Cantilever Flutter Modes

The same trial solutions are used for fhe 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 EI AND GJ 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 W, 4, and V take the form

- %(#,8) = () - Eo(7) | (E1)
i(7,%) = -ZE;'(ﬁ) i Ea;(ﬁé] (E2)
#(#,£) = -2a(7) (E3)

Consequently, the strains are

al—l_ et F ot
€ = i »z(h -ta ) (E4)
JLfel, 87\ | |
€ng = Z(a'g' + aﬁ) Zo (E5)
Eg=enz=€gz=0 (E6)

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

b~z :
_1 o -
U, = 5 S‘—To* ‘Y-ZO (077677 +Oge + 207756775) dz d (E7)

where z, 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 (E1) to (E3) into equa-
tion (E4) yields

U, = -zl-S‘ti 5‘20 [—zo77 (ﬁ" - Eoe”) - 2zon£a' dz dz | (E8)
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and substituting equations (10), (11), (E4), (E5), and (E6) into equation (E8) yields,

RN Cj 2, sz o0)\2 2 2 H
— " 1
U77 =) Z 5{ [:z all,j(h -ta ) + 4z a33,j(a) dz) d¢ (E9)
j=1 j-l
Integrating through z gives
R o 2 3
—_— 1" 1" 1
U, —51-6* Z B, an’j(h - §a> +dagg (0¥ aE (E10)
=1
where
_1(,3 _ .3
2 —g(cj (- (£11)
and integrating through £ gives,
NL 2 3 2 92
= X R 2(px 1 ¥ Ao ]
U77 = Zl Bj[zall,jb (h ) ¥ 3(b ) (@™” + 8b a33,](a ) (E12)
J:

Then introducing nondimensional quantities yields

Ny, 2
2
B+ dh 2y 2 [da 1,53 d°a
- +4aq, bR ( ) +=()"a <—-> (E13)
ZR Z 11,] dn?2 33, dn 3 11,j n

where b has been replaced by brb . For high-aspect-ratio wings it 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,

Np 2 9
~ 2(da
Furthermore, for a beam,
5 :
2 =3 2
S L EI LR2GJ doz) (E15)
T olR br d172 by \dn

Comparison of equations (E11) and (E12) indicates that
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T ok
GJ = 16b 21 233 i
]:

(E16)

(E17)

It is readily shown that equation (E16) is the same result derived from laminated plate
theory and that equation (E17) reduces to Bredt's formula for a thin-walled isotropic tube
with a rectangular cross section in which

and

(E18)

(E19)
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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) of composite swept-wing subsonic aircraft. To aid the
user, a brief description of the input (which is supplied in Namelist format), an 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 2
(DAMMAX)
ISHAPE = 1 flutter mode shapes are computed and printed
=2 flutter ‘mode shapes are not computed
ILMAX maximum number of branches to be traced (also, number of natural

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 A 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 of A increments along any branch
DAMMAX maximum value of A above which no search for flutter is made
DOM1 increment used in the finite difference evaluation of the partial

derivatives appearing in the Newton-Raphson method

NAMELIST /INOUT/

XorJX=1 display of two sepa,rately controlled sets of intermediate output
=2 no display of two separately controlled sets of intermediate output _
IY=1 multiple parameter studies on one computer run
‘;4 1 single parameter study
NAMELIST /PLAN/
SPAN = [

The following six symbols denote one-dimensional arrays which prescribe wing
properties at each finite-difference station on the wing:

A=2a

B=b

SW=X o

= 2

RGSQ = T,

BCH = 26*

ZT = Zm

Q ‘ reduced stiffness matrix supplied by column

SWEEP sweep angle A of elastic axis in radians

N number of finite-difference stations along elastic axis

CL one~dimensional array prescribing c 1 at each finite-difference
station o

AC one~dimensional array prescribing a c at each finite-difference
station

43



APPENDIX F

NAMELIST /ENGINE/

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

=3
ENEI = —— L.
o = (ED,
ENGJ = ——&
L d
5‘0 C/ (GJ)P
ENJ = J,
ENM = me
PYL =L
LOC finite-difference stations at which pylons are 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/

44

EIREF = (EI),,

EMREF = m,,

RHO =p

RHOBAR mass density of composite material

BREF =D, )

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 A =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



APPENDIX F

NL number of layers of composite material in top or bottom covers of
wing box '

DB diameter of fuselage

G acceleration due to gravity

NAMELIST/ PARAM/

Two types of automatic parameter studies are available to the user. In the first
option, ISTIFF = 1, the program internally calculates EI, GJ, and ™ of the wing.
The user supplies the engine properties in NAMELIST /ENGINE/ and the initial thick-
ness distribution and filament orientation as functions of 7 in a rectangular array AA;
that is,

tj = (AA)I,j 1 .+ 17(AA)2’j + (AA)3’j sin 17(AA)4’j | (F1)

6= (AA)S,]. 1+ n(AA)G,j + (AA),?’]. sin n(AA)S,j (F2)

Equations (F1) and (F2) are employed in calculating EI, GJ, and . During the
parameter study, specified elements of AA are incremented causing E_f, GJ,and m
to be incremented.

In the second option, ISTIFF = 2, the program increments engine, pylon, or fuse-
lage properties and the user supplies ﬁ, f}—j, and m in NAMELIST /STIFF/ and
the initial engine-pylon or 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 oné-dimensional arrays providing row and column designa-
tion, respectively, of elements of AA which are to be incre-
mented during study

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

MAX maximum number of parameter increments to be performed
during study

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

EM,ELGJ one-dimensional arrays which provide W, EI, and GJ at each
finite-difference station



APPENDIX F

NAMELIST /NATFQ/

0S starting value of Qp, used to search for natural frequencies of
aircraft '

OE maximum value of Qg during natural frequency search

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

_PROGRAM COMBOF (INPUT,0UTPUT, TAPES=INPUT, TAPE6=DUTPUT) A 1
C A 2
C COMPOSITE WING BOX FLUTTER A3
[4 A &
C NASA LANGLEY RESEARCH CENTER PROGRAM A3788 A 5
C WING IN SUBSONIC FLIGHT A6
c A7
[ RHO=AIR DENSITY A 8
[ WING PLANFORM - INPUT A9
C A 10
C SP AN A 11
T A=0FFSET OF ELASTIC AXIS FROM SEMI-CHORD A 12
C BOX BEAM CHORD - BCHINODAL PGINT) A 13

~ € RGSQ=RADIUS OF GYRATIDN ABOUY ELASTIC AXIS A 14
C SW=OFFSET OF C.G. FRCM ELASTIC AXIS A 15
[ EM=WING MASS PER UNIT SPAN A 16
C EI=WING BENDING STIFFENESS A 17
C GJ=WING TORSIONAL STIFFNESS A 18
c ETREF ,EMREF=REFERENCE BENDING STIFFNESS AND WING MASS RESPECTIVELY A 19
C BREF=REFERENCE WING SEMI-CHORD A 20
[+ 7= ONE HALF THE DISTANCE BETWEEN TOP AND BOTTOM COVERS A 21
4 RHOBAR=WING BOX COMPCSITE MATERIAL DENSITY A 22
C NL=NUMBER OF LAMINAS IN TOP OR BOTTOM WING BOX COVERS A 23
[ WTI=WEIGHT OF WING PER UNIT SPAN (NOT INCLUDING COMPOSITE WEIGHT) A 24
C G=ACCELERATICN DUE TO GRAVITY IN APPROPRIATE UNITS A 25
C DB=DIAMETER OF FUSELAGE A 26
T Q=REDUCED STIFFNESS MATRIX A 27
C A 28
C ENGINE DATA ~ INPUT A 29
C ENET=BENDING STIFFNESSES OF PYLONS A 30
C ENGJ=TORSIONAL STIFFNESSES OF PYLCNS A 31
T ENJ=TORSIONAL INERTIA OF ENGINE - A 32
T NENG=NUMBER OF ENGINES (INCLUDE FUSELAGE IN COUNT) A 33
C LOC=NCDAL LOCATION OF ENGINE A _ 34
[ PYL=PYLON LENGTH A 35
C ENM=ENGINE MASSES A 36
3 A 37
C MATRIX AA CONTAINS INFORMATION RELATING TO THE LAMINA THICKNESS A 38
T AND FILAMENT ORTENTATION WHEN ISTIFF=1 AND RELATES TO ENGINE/PYLON A 39
C INFORMATION WHEN 1STIFF=2., (SEE EVALL AND EVAL2) A_ 40
C A 41

“COMMON /7 TX,JXy IERRGR, KOPT/CUM/OM,L AMBDA,RHO,EM( 601 ,ET(61),6J(6L) A 42
19A(60)4BL60)ySHWI60) s AR yRGSQ{60) yMUSEL3+3) 9wl 60) yAL(€0) sNNySWEEP,IP A 43

2ROCD . ITMAX 21 SYM,CL{90) yACI90)/STATIC/IST,ALO,CMAC, EL, ISHAPE/PYLON/ A 44

- 3BPY{10),CPY(10),DPY(10),ENJ(LO),ENM{10)ENEI(]10),ENGJI(10),PYLI1O), A 45

4L0C(10) yNENG/BLKL/RHCOBAR,ySPAN,BCHI60) 46/BLK2/Q{34+2),ZT(60),EIREF,E A 46

SMREF, OBEGIN, LBEGIN/ FREQ/OM1(5),D0OM1,DAM,OMMA X1, TDA M,DAMMA X A_ 47

DIMENSION AAl8,4), IMORDER(5), WTI{60), KVIi(4), KV2{4), DEL(4) A48

REAL LAMBCA,LBEGIN A__49

A S0

COMPLEX OMysWoAL+E,OBEGIN
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48

C A 51
C INOUT DATA IS IN NAMELIST FORM A 52
C A 53
NAMEL IST /OPTION/ ISYM,KOPT,ISHAPE s ILMAX,IMORDER A 54

NAMEL IST /TRACE/ DAM, IPROCD, ITMAX, ISTOP,DAMMAX (DOM1 o A 55
NAMELIST ZINOUT/ [XasJdXs1Y A 56

NAMEL IST /PLAN/ SPANsA,BySHsRGSQeBCHyZT+Q+ SWEEP ,N+CL ,AC A 57
NAMELIST /ENGINE/ ENEI+ENGJSENJLENM; PYLyLOC sNENG A 58
NAMELISY /DESIGN/ EIREF, EMREF,RHO,RHOBARyBREF,WTT1,LOW,NL 4DB,5 A 59

NAMEL IST /PARAM/ [ISTIFF,AA,KVT,KV14KV2,DEL,MAX A 60

NAMEL IST /STIFF/ EMyEIl,Gd A 61

NAMEL IST /START/ QOBEGIN,LBEGIN A 62

NAMEL IST /NATFQ/ 0S,0E,QODEL A 62

1 READ OPTION A 64
READ TRACE A 65

READ INOUT A 66

READ PLAN A 67

READ ENGINE A 68

READ DESIGN A 69

READ PARAM A 70

IF (ISTIFF.EQ.2) READ STIFF A 71

IF (ISTIFF.EQel+ANDsNL.EQeO) READ STIFF A 72

C A 73
C FOR FLUTTER SET [fFfOREC=1 A T4
ifQRD= N A 75
IST=1FORD A 76

IM=0 A 77
ISTART=3 A 78
DBAR=4 5%DB A 79

MU=N A 80
EL=N-1 A 81
LBEGIN=0. A B2
OBEGIN=Q. A 83

IF (ISTART.EQ.2) READ START A B84

READ NATFQ A 85

PRINT 26 A 86
_PRINT 34 A 87
PRINT 274 IX3JXeNgIFORDy,MAX9ySPAN,SWEEP, {KVI(T) KV2(T)},DEL{I),I=1,K A 88

1VT) A 89
PRINT 41, IPROCD,ITMAX,ISTOP,JSHAPE, ISYMy; ISTART, IL MAX,KOPT A 90

PRINT 38 A 91

PRINT 28,y (E1,A(1)+B(I),SWI{I),RGSQLT),I=1,MU) A 92

. PRINT 49 . A 93
PRINT 504y (I,BCH(I)ZT(I}sWTI(L},I=1,MU) A 94

PRINT 29, ((Q{I+J)4+J=1,3),1=1,3) A 95

PRINT 320, COM1,DAM,DAMMAX A 96

PRINT 32, RHOsRHUBARJEIREF, EMREF,BREF A 97

IFf (NENG.EC.O) GU .T0Q 2 A 98

PRINT 31y (LOCUI)+ENETC(TD)ENGI(I) +ENJOI) JENMIT ) PYLIT)I=1,NENG) A 99

o GO 7O 3 A 100
2 PRINT 43 A 101
3 IF (ISTIFF.EQ.2) GO TO S A 102
IF (NLLEQ.O) PRINT 47 A 103

IfF (NL.EQ.O) GO TO 7 A 104

PRINT 44 - A 105

Nne 4 I=1,8 A 106

4 PRINT 23, (AA(I,J)}+J=1,NL)} A 107
GO T0 7 - A 108

5 PRINT 45 A 109
00 6 1=1,5 A 110

6 PRINT 33, (AA{I,+J),J=1,NENG) A 111
7 CONT INUE . A 112
IF (ISTARTLEQ.2) PRINT 40, OBEGIN,LBEGIN A 113
IERROR=0 A 114
IERRS=0 A 115
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C A 116
C NON-DIMENSIONALIZE A 117
C . A 118
RBREF=1e /BREF A 119
AR=SPAN*RBREF A 120
REIREF=1,./EIREF A 121,
DBAR=DBAR/SPAN . A 122
KHO=3.1415G2658979%BREF*BREF*RHO/EMREF A 123
REMREF=1.,/EMREF A 124
DO 8 I=1,MU A 125
B{I)=B(I)*RBREF A 126
A{I)=A(1)*RBREF A 127
, _ SWUI)=SW(I)*RBREF . A 128
8 RGSQUI)=RGSQUI)*RBREF*RBREF A 129
PRINT 35 A 130
FRINT 38 A 131
PRINT 284y (IsA(T)}+BLI)eSWIT),RGSQI{TI)yI=1,yMU) A 132
IF (NENG.EQ.0) GO TO 10 A 133
D0 9 I=1,NENG A 134
ENEI{I)=ENEI(I)*REIREF A 135
ENGJII )=ENGJ(I }*REIREF A 136
ENJCTI=ENJ(T )/ (SPAN%XSPAN) A 137
ENMIT )= ENM(I)*REMREF/SPAN A 138
9 FYLLI)=PYL(I)*RBREF A 139
PRINT 31, (LOC(E) ENETLID) ENGJI(I)ENJ(I) JENM(I),PYL{I}yI=1,NENG) A 140
10 IF (ISTIFF.EQel «cANDaNL.GTS0) GO TO 12 A 141
DO 11 I=1.MU A 142
ET{I)=EILI)*REIREF A 143
GJ{I)=GJ{I)*REIREF A 144
11 EM({I)=EM{1)*REMREF A 145
12 CONT INUE A 146
KKAPPA=1. /RHO A 147
PRINT 39, AR,RKAPPA A 148
PRINT 51 A 149
AR=AR/EL A 150
DOM1=DOM1/EL *%2 A 15]
DAM=DAM/EL%%3 A 152
DBAR=DBAR*EL A 153
C PRE CALCULATIONS FOR ENGINES A 154
IF INENG.EQ.O0} GO TO 14 A 155
DO 13 1J=1,NENG A 156
ENM{TJ)I=ENM{TJ)*EL A 157
ENJTT JI=ENJUTJY*EL*EL A 158
C 1/8BPY = FIRSY BENDING FREQa. OF PYLON A 159
C 1/0PY = FIRST TORSIONAL FREQ. OF PYLON A 160
BPY (L J)=PYLUTJI*PYLUTJVRPYL(TJ V*ENM(TJI/ (3 *ENET(IJI 1/ (AR*AR®AR]) A 161
CPY(TJI=ENJUTJIIXENM(TI) A 162
13 PPY(TJV=CPY{TIJ1*PYLIIJY/(ENGJ(TJ)*AR) A 163
14 CONT INUE A 164
C A 165
C CALL EVAL1 TO PREPROCESS EI,GJ AND EM IF ISTIFf=1 A 166
C CALL EVAL2 TO PREPROCESS ENGINE DATA IF ISTIFF=2 A 167
C A 148
IF {ISTIFF.EQ.1Y CALL EVALL [AA,WTI,NL) A 169
IF (ISTIFF.EQa2) CALL EVALZ (AA) A 170
PRINT 36 A 171
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 MUl=MU+l } A 172
- _ PRINT 27y (IyET(I)},GIUT)EMUT)oCL{T)AC(I},I=1,MU) A 173
IF {ISTART.NE.2) GO TO 15 A 174

CALL NATRL (ILMAX,0S,0E,CDEL) A 175

PRINT 42, (OM1(I),I=1,ILMAX) A 176

IM=0 A 177

15 CALL RLF (CBEGIN,LBEGIN,y ISTART,ILMAXsIM,y IMORDER) . A 178
V=SQRT(LBEGIN*EIREF/(SPAN*%3 ) /BREF%3,141592658979% (BREF*BREF)I/(EMR A 179
__TEF*RHQ)) A 180

IF (IERRORL.EQ.0) PRINT 46, V A 181

PRINT 51 A 182

IT=1 A 183

KX=1 A 184

IfF (MAX.EQ.0) GO TO 25 A 185

C_ A 186
C INCREMENT PARAMETER A 187
C A 188
DO 24 KiI=}1,MAX A 189

IF {IERRS.GT.2,.AND.KOPT.EQ.1) GO TO 24 A 190

IERRS=0 A 191

. _CALL VARY [(AAKV1,KV2,KVT,DELyWTI,NL,ISTIFF) A 192
o IF (ISTIFFeEQe2) PRINT 48, (LOC(I)SsENEI(I}sENGJIJUI)LZENJIT),ENMUI),P A 193
1YL{I) , I=1,4NENG) A 194

IF (ISTIFF.EQel) PRINT 36 A 195

IF (ISTIFF.EQe1) PRINT 37, (I ET(T1)sGJITI)LEMITI) CLAINHAC(I),I=1,MU A 196

1) A 197

IF (ISTIFF.EQe2) GO TO 17 A 198

PRINT 44 A 199

DO 16 1=1,8 A 200

16 PRINT 33, (AA({I,J),J=1,4NL) A 201
GO TO 19 A 202

17 PRINT 45 - A 203
DO 18 [=1,5 i A 204

18 PRINT 33, (AA(I,J%,J=1,NENG) A 205
19 CONTINUE A 206
IF (KX.LT.LOW) GO TO 20 A 207
ISTART=3 A 208

KX=0 A 209

20 IF (TSTART.EQ.2) GO 10 22 A 210
21 CALLU NATRU (TLMAX,05,0FyCDEL) A 211
PRINT 42, {(OMI(I},I=1,1LMAX) A 212

22 CALL RLF (OBEGIN,LBEGIN, ISTART, ILMAXy IM, IMORDER) A 213
T V=SQRTILBEGIN*EIREF/(SPAN%®%3) /BREF%3,141592658979% (RREF*BREF)/(EMR A 214
LEF*RHQ) ) A 215

" PRINT 46, V A 216
T PRINT ®1 A 217
KX=KX+1 A 218

ifF (I0OPT.EQ.1) GO 70O 23 A 219

23 IERRS=IERRS+]JERRQOR A 220
{F (IERRSL.GT.2) GO 10O 24 A 221

IF (IERRORLGTe0) GO TO 21 A 222

24 CONT INUE A 223
25 IF (1Y.EQel) GO TO 1 A 224
STOP - A 225
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A 226
26 FORMAT (1H1,35X,6HCOMBOF,3X,28H{COMPOSITE WING BOX FLUTTER),/y35Xy A 227

- T42(IH*¥14777) A 228
“27  FORMAT (10Xs3HIX=,11+5Xs3HJX=y1145Xs2HN=,12, 5% 6HIFORD=,12,5Xs4HMA A 229
- 1X=91335Xs SHSPANT ) E16e896X96HSUEEP=9E16.8//7+{ 10X 11HKVIKV24DEL 2%, A 230
7212,3X%,12¢3XK1E168147) A 231

28 FORMAT (5X912:6Xe4{E1l4a644X)) A 232
25 FORMAT (/7 +15X, 24HRECUCEL STIFFNESS MATRIX 7 +(3(2X+E16481101) A 233
30 FORMAT (/7+15Xs5HOOM1=¢E16,8¢ 55Xy 4HDAM=,E16.,8+5Xs THDAMMAX=+E16.8//) A 234
31 FORMAT (//+40Xy11HENGINE DATA,7/,3X,4HNODE,6X,4HENETL, 12X, 4HENGJ,12 A 235
IXy3HENJ ¢ LTXe 3HENM, 14Xy GHPLY 1 /¢ (1Xs 149 1XsFE16aBr2X9E16.8s2XsE16.8492 A 236
ZX1EL6eB12XsEL6LB1) A 237

32 FORMAT (/7315K +4HRHO=+ E1GeBy LOKy THRHOBAR=E16,8+77 11 5Xs6HEIREF=,E1 A 238

N 16,8+ BXs6HEMREF=E 1602 898X, 5HBREF=,E16.877) A 239
33 FORMAT (8(2X,E15.81) A 240
3% FORMAT (/7 420X LTHDIMENSIONAL INPUT+/420Xe LTCLE*) /71 A 241
35 FORMAT (/7 420X 2L HNON-DIMENS IONAL INPUT,/, 20X, 21(1H*),//1 A 242
36 FORMAT (77 41Xs GHNODAL PT, 10Xy 2HE] s 16X92HGJ, 16Xy 2HEM, 16X, 2HCLy s 16X A 243
172HAC) , A 244

37 EORMAT (5Xs1274X,EL1GoBy2KsE16oBy 2X9E16.892XsF1baBy2XsELbeB) A 245
38 FORMAT [L1X,9HNODAL PT, 10X, 1HA+17Xs1HBy17Xs2HSWs 15X, 4HRGSQ) A 246
3% FORMAT (77 +35X,13HASPECT RATIO=,E]16.8s5Xs 19RMASS RATIO=1 /KAPPA=,ELl A 247

- 16.877) A 248
%0 EORMAT (/+5XsTHOBEGIN=72F20e0¢5Xs {HLBEGIN=,E20.8/) A 249
K3 FORMAT (7 +4X,6HIPROCDs 2X9 53HITMAX TSTGP  ISHAPE ISYM  1START A 250

- -1 TUMAX KOPT,/,8(4XKs1414/1 ' A 251
%2  FORMAT (/+5Xy23HESTIMATES OF NAT. FREQor2(3X+E16.8),/,{3(3X,F16.8) A 252
— I A 253
33 FORMAT (/77,20X,23HN0 ENGINES ON THE WINGS,//7) A 254
%4 FORMAT (77,25X,62HELEMENTS OF MATRIX AA (ISTIFF=1, ONE LAMINA PER A 255
IFATRIX COLUMN), 771 - A 256

&5 FORMAT (/7 +40Xy 2LHELEMENTS OF MATRIX AAy/ 10Xy 88H(ISTIFF=2, ONE EN A 257
1GINE/PYLON OR FUSELAGE PER MATRIX COLUMN, WHEN NODE=1 FUSELAGE IMP A 258

T 2LIED),//) _ A 259

"T%46 " FORMAT 1/,30X,14HFLUTTER SPEED=,E168/+30Xs14(1H*}) . _A 260
“47 7 FORMAT (//,20X,30HNUMBER OF COMPOSTIE LAYERS = 0o/) _A 261
W"Zg"“'_Eﬁﬁﬁi?'?7/,4ux.11HENGINE DATAy /733Xy 4HNODE 5 6 X9 GHENEL s 12X s 4HENG 212 A 262
TXe2HENJ s L TXy BHENMIN=L1) s9Xs3HPYLs/ s {1Xs 1491XyE1 6By 2Xy E16eB8y2XsE1be A 263

282Xy E164892X3E16.8)) A 264

48 FORMAT (1X,SHNODAL PTe y10X,3HBCHy16Xs2HZT,15X,3HWT ) A 265

50 FORMAT (5Xs12,6Xy 3(EL14.6+4X)) e A 266

TBL T FORMAT (//-1Xs110(1H%),//) e A 267
-2 B A 268-
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SUBROUTINE EVALL (AALWTI,NL) B i
COMPLEX OMyALsW,EsOBEGIN B8 2

REAL LAMBDA,LBEGIN- B 3

C B 4
C CUMPUTES WEIGHT OF WING,MASS AND PREPROCESSES EI AND GJ B8 5
C ‘ 8 [
C T=THICKNESS OF WING COVERS B 7
C TJ=THICKNESS QOF EACH LAMINA B 8
C WT=WE IGHT OF WING 8 9
C THETA=ANGLE OF FILAMENT CRIENTATION 8 10
C 8 11
COMMON // 1XysJXsI1ERROR.KOPT/CUM/CM,LAMBDA,RHO, EM(60},E1(61),64(61) B 12
1,A(60),8(601,SH{601,AR,RGSQI B0 yMULE(3,3) s W{60),AL{60) NN, SWEEP,IP B 12
2ROCD,ITMAX,ISYM,CL(90),AC(90)/BLK1/RHOBAR,SPAN,BCH(60),6/BLK2/D(3, B 14

322)y 21 (60), EIREF, EMREF,O0BEGIN,LBEGIN B 15
DIMENSION AA(8+4) s WII(60) 8 16

IF {NL.EQ.0O) RETURN 8 17

03=1. /3. B 18
SMU=SPAN/ {MU-1) B 19

WI=.0 B8 20

IF (JX.EQ.2) GO TO 1 B 21

PRINT 7 B 22

1 D0 6 i=1,MU B 23
X=(I=1)%SMU7SPAN B 24
X1={{-2V%xSMU/SPAN B 25
X12=X-.5%SMU/SPAN B 26
CHORD=BCH{T) B 27
CHI=CHORD 8 28

IF (1aGTe1) CHI=BCH{TI-11 B 29
BZ2=.0 B 30
B33=.0 B 31
ZJMIZ2=ZJNI=ZT (1} B 32

=,0 T B 33

IF (1.EQ.1) GO T0 2 B 24

M 2=t I+ {117 71%,5 B 35

2 T12=.0 B 26
DG & TA=1,NL B 37
TI=AATL  TATRI L.+ X% AAT 2, 1BV #AA( 3 TAVRSIN(AA (4, TAYEX) B 38
TILZ=AAT1 , TAVF (1 ¥ X1 2%AA 2, IAV Y FAA(S, TAI XS IN(AR 4y IA)%X12) B 39
TRETASAAT Sy IAV®X{1 . +X* ARG, TAI) FAA( 7o IAVXSIN(AA (8,1 Al £X) B 40
TAETALIZ=AA(5, TAT* (1 +X12*AA (64 TA) ) +tAA( T, IAYXSIN(AA(B, TA)%X12) B8 41

— IF {IJX.EQ.2) GO 10 3 B8 42
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PRINT 8y XeTyTHETA

8 43
3 CALL TRANS (THETA,A11,A331 B 44
ZJ=ZIM1L+TJ B 45

7J12=7JM12+7J12 B 46
BETA=03%(2J*¥3~7JM1%%3) B_ 47
BETA12=03%{ZJ12%%3-7 JM12#%%3) B 48

[4 MULTIPLY BY 2 FOR SYMMETRIC SECTION B 49
B22=B22+2 ¥A11%BETA 8 50
B33=B33+2.,%A33%BETAL2 8 51

LIM1=729 B 52
ZJM12=7412 B_ 53
T12=T12+TJ12 8 54

4 T=T+1J B_ 55

C COMPUTE STIFFNESSES OF WING B 56

) EI(I)=B22*%CHORD/EIREF B 57
CHL2=,5% (CHORD+CH1) B 58
GJ{I1=4.*B33*%CH12/EIREF 8 59

IF (1.EQ.1) GO TQ 5 B 60

WI=WT +SMU*(CHORD*T+CH1*TP) *RHOBAR*G+ SMU*(WTT (I ) +WTI(I-11)%.5 8 61

5 TP=T1 ) 8 62

3 EM{1)=CHORD*RHOBAR%*2 ,*T/EMREF+WTI{ 1 ) /G/EMREF B 63

C PRINT 14 WT \ B 64
RETURN ' | B_65

c ! B 66

7 FORMAT (/,10X, 1HX 415X, 2HT1, 15Xy 6HTHETAL 15Xy 2HT 2,1 5X,EHTHETAZ, /) B 67

8 FORMAT (3XsE1608¢4(2X4E1648)1) B 68
END - B 69-
' SUBROUTINE EVALZ (AA) c 1
- CIMENSION AA(B,4) c_ 2
COMMON /CUM/ OM,LAMBDA,RHCSEM(60),ET{611,GJ(61)sA160),B(60}sSHLE0) C 3

- 1sARy RGSQI60) s MUYE(3+3) s W(60)4ALIG60O) 9NN, SWEEP,IPROCD,ITMAX,ISYMyCLL € 4
250) ,AC(90) /PYLON/BPY(101),CPY{10),DPY(10),ENJ{I10)ENMI10),ENEI(IOD), C 5
SENGJ(10),PYL(13),L0C(10),NENG C 6
COMPLEX OM,W,AL,E A

_C c 8
C PREPROCESSOR DF ENGINE PROPERTIES L)
C . c 19
IF (NENG.EQ.0) RETURN c_ 11

DO 1 1J=1,NENG cC 12
ENET(T1JI1=AA(1,1J) c 13

- ENGJ(I1J)=AA(2,1J) C_ 14
ENJ{TIJI=AA(3,10) c_15
ENM{TJI=AAL4,1J) C 16
PYL{TJI=AA(5,1J) c 17
BPY(IJI=PYLUIJI**3%ENM{IJ) /(3. %ENEI(1J) )/ {AR®%3) C 18

. CPY(T N=ENJ{TJI*ENM(TJ) C 19
1 DPY({TJ)=CPYL JJI*PYL{TJ)/(ENGJLIJ) *AR) cC 20
RETURN ) cC 21

END c 22-
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_ SUBROUTINE TRANS (THETA,A11,A33) D 1

__ _COMMON // IXsJXsIERROR,IOPT/BLK2/D{3+3),2T160) +EIREF,EMREF,OBEGIN, D 2
T ILREGIN . . D3
CIMENSION A{3,3), T(2,2}, TI(3+3}, ST(3,3) D 4
CT=COS{THETA) D 5

L SIT=SIN{THETA) D 6
T(1,1)=CT*CT D 7

_ T2 )=STITAHSIT D 8
T{193)=2.%CT%SIT 0 9
T(2,23=T(1,2) D 10

o T(2+2)=T(1,1) . D 11
_ T{2+3)=-T({1,3) B D 12
) T(34s14==CT%SIT b 132
T{3,2)=-T(3,1) D 14

o T{3,391=T11,1)-T(1,2) D 15
IF (IXeEQe2) GO TO 1 D 16

PRINT 8y ‘(T(I'J’1J=113,’x=1l3’ D 17

1 D0 2 I=1,3 D 18
D0 2 J=1,3 D 19
All4J)=0, D 20

Z ST(I,4)=.0 D 21
DO 3 I=1,3 D 22

DG 3 K=1,3 D 23

DO 3 J=1,3 D 24

3 STUT»K)=STUL 4KI+D (1,4 J)%T (JyK) D 25
C D 26
C NOTE ==~-= TI=T{~THETA} D 27
C D 28
TI(1,1)=T(1,1) D 29
TI(1,2)=T{1,2) D 30
TI(1,3)==T{1,3) D 31
TI(2,1)=T{(2,1) D 132
TI(2,21=T12,2) D 33
TI{2,3)==T{2:3) D 34
TI(391)=-T(3,1} D 35
TI(3,2)=-T(3,2) D 36
TI{342)=T{3,3) D 37

IF (IX.EQe2) GC TOU 4 D 38

PRINT 8y ((TI(I9J1sd=1+3},1=1,3) D 39

4 CONTINUE D 40
DO 5 L=1,3 D 41

DO 5 K=1,3 D 42

DO 5 I=1,3 D 43

5 AlLyKISA(LKI+TIIL, I)%STUI,LK) D 44
All=A(1,1)%2,. D 45
A33=A(3,3) D 46

C D 47
IF (IXsEQe2) RETURN D 48

D0 6 1I=1,3 : D 49

6 PRINT 75 (A(I5J)yJ=1,3) D 50
RETURN D 51°

C D 52
7 FORMAT (/93{3X4E16.8)) D 53
8 FORMAT (/9¢3X2(3(F168+2X))) D 54
END D 55~
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~ SUBROUTINE VARY (AA,KVI,KV2,KVT,DEL WTI,NL,ISTIFF)

€ 1
DIMENSION AA(8+4), WTI(60), KVi(4), KV214), DEL(4) E 2
DC 1 I=1,KVT 5 3
[1=KV1(T} E &
12=Kv2(l)} E 5
AA(T1,12)=AAL11,12)¢DELLI) : 5 6
IF {ISTIFFaEQel) CALL EVAL]l (AAWTI,NL}) € 7
IF (ISTIFF.EQ.2) CALL EVALZ (AA) E 8
RETURN |5 9
END E 10~
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56

SUBROUTINE RLF (OBEGIN,LBEGIN, ISTART, [LMAXyIM, IMORDER) F 1

C SUBSONIC FLUTTER OF EI - GJ WING F. 2
COMPLEX EoCMsHOLD,CDET,CSDET yDCM,WyAL yWWI60),AAL(60),BBDI,BBI{3),QW F 3
1w,QAL ,0,0BEGIN F_ 4

REAL LAMBDA,LBEGINsLAM F 5
DIMENSION X(3), Y{(3], OMI(zoo), OMR(200), LAM{200), BDA(5), ODA(5) F 6

1, IMORDER(5) F_ 1
COMMON // IX+JXs TERROR;KOPT/CUM/OM,LAMBDA,RHD, EM{60) +EI(61),6J(61) F 8
1,A(601,B(601,5W{601+,AR,RGSAI60) yMUSE(3,3),WI60) AL(60) yNN,SWEEP,IP F__ 9
2ROCD ITMAX,ISYM,CL(G0),ACI90)/STATIC/ISTyALO,CMAC, EL, ISHAPE/PYLON/ _F_ 10
3BPY{10)sCPY(10),DPY(10},ENJCI0) ENM(10) ,ENEI(10),ENGJ(10),PYLILO), F 11
4L0C(10C) 4NENG/FREQ/OM1(5) ,DOML, DAM, CMMAX1 T DAM, DAMMAX F_12

C i F 13
NAMELIST /DEBUG1/ X,Y E 14

C ] F 15
~C.- A=OFFSET OF ELASTIC AXIS FROM SEMI CHORD/SEMI CHORD F_16
C AK=RECUCED FREQ.=SEMI CHORD*FREQ./VELOCITY F 17
C AL=P0S. LEADING EDGE UP WING TWIST F 18
€ B8=SEMI CHORD/WING SPAN F 19
C C= THEODORSEN LAG FUNCTICN F 20
C DYNAMTC PRESSURE=ONE HALF THE AIR DENSITY*VEL. SQD. F_ 21
C EI=BENDING STIFFNESS OF WING/REFERENCE EI F_ 22
C EL=SPAN/FINITE DIFF. SPACING F_ 23
C EM=MASS PER LENGTH OF SPAN/REFERENCE MASS PER LENGTH OF SPAN F_ 24
C GJ=TORSIONAL STIFFNESS OF WING/REFERENCE EI F_ 25
C LAMBDA=2*DYNAMIC PRESSURE*SPAN CUBED%*SEMI CHORD/REF. EI F 26
C MU=NG. OF FINITE DIFF, NODES F 27
C RGSQ=SQ. OF THE RADIUS 06 GYRATION ABOUT EL. AXIS/SEMI CHORD SQD.  F 28
T RHO=PI*SEMY CHORD SQUARED*AIR DENSITY/REF, MASS PER UNIT SPAN F_29
C SW=0FFSET OF C.G, FROM EL. AXIS/SEMI CHORD £ 30
9 SWEEP=ANGLE OF WING SWEEP (RADIANS] F_ 31
o w=PDS. UPWARLC WING DEFLECTION F_ 32
C F_ 33
C WING MAY HAVE TWO ENGINES F_ 34
T ENET=BENDING STIFFNESS OF PYLON/REFERENCE EI F_ 35
C ENGS=TORSIONAL STIFFNESS OF PYLONS/REFERENCE EI F_ 36
C ENJ=TORSTONAL INERTIA OF ENGINE/(SPAN®*SPAN) F_ 37
C ENM=ENGINE MASS/WING MASS F_ 38
C PYL=LENGTH OF PYLON/SEMI CHORD F_ 39
ABSCISAIXZ X2, X1+ Y3, Y2, YI)=X3+((Y1AY3-Y2#Y3) ¥ X3-X1) ¥(X2-X3)1/(YL¥ F 40
IVZHFIXI-X2 1+ Y I *Y3F (X3-X 1) $Y2*Y 3% (X2~X3) ) F_ 41
(=0 F 42

If (ISTART.NE.2) 6O TO 2 E_ 43

T UM=0BEGIN/{EL*EL) £ 44
LAMBDA=LBEGIN/ {EL*EL*EL) F__45

IF (LAMBDA.GT+0.}) GO TG 1 _F 46
1ERROR=4 £ 47
RETURN ..k 48

1 HOLD=0M F 49
DAMMAXL=DAMMAX/ {EL*EL*EL) F_50

c0 TO 9 F_51

2 IMD=1 F_52
IL=IMORDER( I1MO) F_53
UDAMMAX1=DAMMAX/ (EL*EL*EL) R F_ 54

3 IF (IMD.GT.ILMAX) GO 1C 4 F_ 55
IL=IMCRDER ( IMO} F__56
OM2=0M1(IL) F_57

i CM2=0M2/ (EL*EL) F_ 58
GO T0 9 F 59
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4 IF (ILL.EQ.0) GO TO 8 T F 80
BMIN=BDA( 1) F_61
1M=1 F 62
IF (ILMAX.EQl.1) GO 10 & F 63
CO 5 1t=2,ILMAX F 64
IF (BDA{IL)eLToBMIN} IM=IL F_65
5 1IF (BCA(IL).LT.BMIN) BMIN=BDA({IL) F_66
6 00=0DA(TIM)*EL*EL F_ 61
AMDA= BDA{ IM) *EL%EL *EL F__ 68
PRINT 584 AMDA,O0.IM F_ 69
LAMBOA=BDA{ IM) F_70
OMEGA=0DA(1M) , £ 71
IF (ISHAPE.EQ.2) GO 10 7 F 72
CALL CFI F 73
GG 10 35 F T4
T IF (KCPT.EGe2) ISTART=2 F_175
TERROR=0 F 76
LBEGIN=AMDA F_ 17
OBEGIN=00 F_78
RETURN F 19
8 PRINT 59 F_ 80
IERROR=1 F 81
RETURN F 82
E INSTAB=0 £ 83
PRINT 50 F B4
ICOUNT=0 F 85
KOUNT=0 F_ 86
"NN=3 £ 87
IF (IST.EQ.3) GO 10 42 F 88
IF (ISTART.EQe2) GO TO 17 F_ 89
CM=CMPLX{0OM2,.0) F_90
HOLD=0OM F_ 91
DOM=CMPLX (DOM1,0. ) £F_92
LAMBDA=0. F_ 93
DO 10 I1=1,3 F_ 94
IF (1.GEe2) CM=OM+DOM F_95
CALL CFI F_96
CALL DEUPPS (E+3+CDET,3) F 97
X{T1=REAL(CDET) F 98
Y(IY=REAL{OM) F 99
IF (IX.EQ.2) GO TO 10 F 100
PRINT DEBUGL j F 101
10 CONT INUE F 102
11 CISSA=ABSCISA(Y(3) oY (2)sY(1),X(3),X(2)X(1)) F 103
CM=CMPLX{CISSA,0.) F 104
IF (KCUNT<EQeD) XO=X1{1) F_105
KOUNT=KOUNT+1 F 106
IF (ABS{X(1))/ABS(XC)elLEe5eFE—%) GO 10 15 F 107
IF (KCUNT.GE.ITMAX) GO TO 14 F_108
CALL CFI F 109
CALL CEUPPS (Ey3,CDET,31 F 110
CSDET=CDET F 111
X{11=REAL(CDET) F 112
Y{LT=REAL (OM] F 113
IF (IX.EQ.2) 60 10 12 F 114

PRINT DEBUGL F
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12 CONT INUE F 116
DOM=D0M/% . F 117

00 13 [=2,3 - F 118

- CM=0M¥DOM F 119
CALL CFI F 120

“CALL DEUPPS (E,3,CDET,3) F 121
XUTI=REAL(CDET) F 122
Y(I)=REAL (OM) F 123

TF (IX.EQ.2) GO 70 13 F 124

PRINT CEBUGL F 125

13 CONTINUE F 126
GO 70 11 F 127

14 C=OM*EL¥%2 F 129
AMDA=L AMBDA*EL %% 3 F 129

PRINT 51, O+AMDA,CSDET,KCUNT F 130

PRINT 52 F 131

o IF (IPROCC.EQ.2) GO TO 42 F 132
15 O=OM*EL*%2 F 133
AMDA= L AMBOA*EL %%3 , F 134

PRINT 51, OsAMDA,CDETsKCUNT F 135
1COUNT=1 F 136
LAM(1)=0, F 137

OMR (1 )=0M F 138
CMI(11=.0 F 139

16 DAMIN=DAM* ( (=1, )**INSTAB) F_140
LAMBDA=LAMBDA+DAMIN F 141

IF (LAMBDA.GT.DAMMAX1.AND.ISTART,NE.2) GO TO 28 F 142

17 LAMBDA=LAMBDA*COS (SWEEP) #COS (SWEEP ) F 143
ICOUNT=ICOUNT+1 F 144

IF {ICOUNT.GE.ISTOP) GG T0 43 E_145
HOLD=CM F 146

- KOUNT =0 F 147
18 CALL CFI F 148
CALL CEUPPS (E+3,CDET,3) F 149
CSDET=CDET F 150

AO=RE AL (CCET) F 151
A00=A0 F 152
BO=ATMAG(CCET) F 153

IF {IX.EQ.2) GO 7O 1% F 154

PRINT 49, CDET F 155

i CONT INUE F 156
CM=0M+CMPLX(DOM1 50, F_157

CALL CFI F 158

CALL DEUPPS (E,3+CDET,3) F 159
AL=REAL(CDET) F 160
BI=ATMAG(CLET) F 161
FRWOMR=(AL-AG1/D0ML F 162
PIWOMR=(B1-801/C0M1 F 163
OMIM=-DOML , F 164
CM=CM+CMPLX (CML M, DOML ) F 165

CALL CFI F 166

CALL DEUPPS (E,3,CDET,3) F 167
A2=REAL(CDET) F 168
BZ=AIMAG(CCET) F 169
PRWOMI=(A2-A0}/D0M1 F 170

T PIWOMI=(B2-80)/D0M1 F 171
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_ AJACOBI=PRWOMR*PIWOMI-PRWOMI %P [WOMR F 172
DOMR= (BO%PRWOMI—-A Q%P [WOMI ) /AJACOBI F 173
UOMI= {AO*PIWCMR-BO*PRWOMR)/AJACOBI F 174
OM=HOLD+CMPLX{DOMR,DGMI) F 175
HOLD=CM F 176
IF (IX.EQ.2) GO YO 20 - F 177
PRINT 47, PRWOMR,PIWCMR,PRWOMI,PIWOMI F 178
PRINT 48, DOMR,DOMI,CM F 179
20 CONTINUE F_180
ROM=REAL (OM) F 181
AOM=ATMAG (CM) F 182
KOUNT=KOUNT+1 F_183
IF (RCM.EQ.0.) GO TO 22 F 184
IF (AGM.EQ.0e.) GO 10 21 F 185
B IF (ABS{DCMR/ROM)oLT o54E=3,AND.ABS({DOMI/AOM) L To5.E-3) GO 10 24 £ 186
GO 1O 23 F 187
21 1F (ABS(DOMR/ROM].LT.1.E-5) GO 10 24 F 188
GO 10 23 F 189
22 IF (ABSIDCMI/ADM) .LT.1.E-5) GO 10 24 F 190
23 CONTINUE F 191
T IF {KOUNT .GE.(2%ITMAX}} PRINT 52 F 192
IF (KOUNT.GEo. (2% TMAX} s AND. IPROCD.EQe2) GO TO 29 F 193
TF (KCUNT .GE.{2*ITMAX}.AND. IPROCD.EQ.1) GO 10 24 F 194
GO YO 18 F 195
t ROOT LOCUS POINT FOUND F 196
24 O=0M*EL%%2 F 197
LAMBDA=L AMBDA/ (COS5 (SWEEP ) ¥COS{ SWEEP ) ) F 198
LAM{ICOUNT) =LAMBDA F 199
OGMR { I COUNT )=R0OM F 200
GMI{ICOUNT) =ADM F 201
AMDA=LAMBDAXEL ¥%3 F 202
PRINT 51, 0,AMDA,CSDET,KCUNT , F 203
IF (AOM.LT.0..AND,ICOUNT.EQ.1) INSTAB=1 _ F 204
IF (INSTAB.EQ.1) GO TO 27 F 205
“" TF (KOPT.EQ.2) GO TO 25 F_206
T F 207
[ TRACE OUT V - G DIAGRAM DO NOT STOP AT FLUTTER F 208
o £ 209
GO0 70 26 F 210
25 IF (AOMoLT+000AND.INSTABEQ.O) GO TO 30 F 211
725 CONT INUE F 212
IF (ICOUNT.LT.2) GO 10 16 F 213
ROM=2 . ¥CMR(ICOUNT I1=OMR { ICOUNT=1) F 214
AOM=2 . %0OMI(ICOUNT ) ~0OMI { ICOUNT-11 F 215
- _ CM=CMPLX(RCM,AOM) F 216
T IF (ISTARTWLNE.2) GO 10 16 £ 217
- IF {1CCUNT.LT.3) GO TO 16 F 218
CURV=0OMI({ ICOUNT)~2.*CMI{ICOUNT~1}+0OMI(ICOUNT-2) F 219
1F {CURV.GTo+0sANC,INSTABLEQ.O0) GO TO 44 F 220
iF (ICOUNT.GT.12.AND.ISTART.EQ.2! GO T0 46 - F 221

GO0 10 16 . F 222
7 IF {AOM.6T.0.) GO T0O 30 F_223
IF {ICOUNTL.EQ.l) GO TO 16 _ F_224
ROM=2 . *0OMR { ICOUNT ) ~OMR { ICOUNT~-1) F 225
AGM=2 ,*0MT (1 COUNT ) -=OMI (ICOUNT-1) - F_226
CM=CMPLX(ROM,ACM) _ — i F 227
G0 10 16 F 228
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28 DAMMAX2=DAMMAX1*EL*EL*EL F_231
PRINT 55, DAMMAX2 £ 232
IF (1GPT.FQe2+AND.ISTART.EQ.2) GO TO 45 F 233
25 IF (ISTART.EQ.2) RETURN F 234
BDAUT L) =DAMMAX1 F 235
ODA(IL}I=0., F_236
TMO=1MO+1 £ 237
IF (ISTART.NE.2) GO T0O 3 F 238
GO 10 43 F 239
C FLUTTER ENCOUNTERED £ 240
C USE ABSCISA TO FIND A BETTER ROQT F 241
30 1F (TCOUNT.LT.3) GO 70 31 F 242
31 ROOT=LAM{TCOUNT-1 ) =DAMIN*COMI{ICOUNT-11/(OMI(ICOUNT1-OMI(ICOUNT=1)) F 243
LAMBD A=ROOT F 244
TF (ICOUNT.LT.31 GO 10 33 F 245
DO 32 IV=1,3 £ 246
37 Y{IV) =OMR{ICCUNT=3+1V) F 247
ROOT=ABSCISA(Y{3) ,Y(2) s Y{1) s X(3) s X (20 s X(11 ) £ 248
GO TO 34 F 249

33 ROOT=0MR{ICOUNT-1 )-(GMR {ICOUNT) —OMR{ICOUNT~11) *OMI (ICOUNT-1)/(OMI{ F 250

11COUNT)-0MI (ICOUNT=1)) F 251
34 ROM=ROOT F 252
RO=ROM#EL%EL , F_253
AMDA=LAMBDA® EL¥EL¥EL F 254
PRINT 54, AMDA, RO F 255
TERROR=0 F 256
LBEG IN=AMDA F 257
OBEGIN=CMPLX(RO,0.) F 258
IF (ISTARToEQe2+AND. ISHAPESEQs2) GO TO 42 F 259
IF (ISTART.EQ.2.AND.ISHAPE.EQ.L) GO TO 35 F 260
BDA(IL)=LAMBDA F 261
GDA(TILJ=RCM F 262
ILL=L F 263
1MO= IMO+1 F 264
IF (ISTART.NE.2) DAMMAX1=LAMBDA+0AN F 265
TF (ISTART.NE+2«AND.IST<EQ.1) GO 70 3 F 266
IF_(1SHAPE.EQe2) GO 70 42 F 267
C F 268
C MODE SHAPE F 269
35 BBOT=1./{E(2,11%E(3,3)-E(2s 3)%E(3,1)) F 270
] BBIL) =(~E(292)%E(3,3)0+E(342)%E(2+3 )1 *BBDI F 271
BB{21=1. F 272
BB{3) ={—E(2,L1%¥E(3,2)+E(3,1)1%E(2,2) ) *BBOI F_273
LAMBDA=LAMBDA*COS (SWEEP ) *COS (SWEEP ) F 274
DO 36 I=1,MU F 275
J=1 £ 276
WwiJ] =0, F 277
36 AAL(J V=0« F 218
DO 37 NN=1,3 F 279
CALL CFI F 280
D0 37 I=1,MU F 281
J=1 F 282
WH{J) =WW{JI+BBINNI®W{I) F 283
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AAL{JI=AAL{J)+BBINNI*ALLI)

PRINT 56

MUJ= (MU+11/2

DO 41 J=1l,MU

I=J

IF (REAL{IWW{J})eEQeOes ANCoaATMAGIWW(J))sEQ.0.) GO TO 38

CWW=CABS (WW(J))

QWW=CLOG{WW(J))

PWW=ATMAG (QWW)

GO TO 39

CHWW=0,

PWW=0,

IF (REALTAAL(JY) .FQ.04 . ANDJ.AIMAGTAAL(J)V.EQ.O.) GO TO 40

CAL=CABSTAAL(J))

QAL=CLOG{AAL(J))

PAL=ATMAG(QAL)

GO T0 41

CAL=0.,

PAL=0,

PRINT 57, 1yCWW,PWW,CAL,PAL

IF (ISTolTe3.AND.ISTART.EQe2) RETURN

IF (ISTelT.3,AND.ISTART,.EQ.,3) GO TO 7

IF (ILL.EQ.2) RETURN

DIVERGENCE TEST 1S PERFORMED ONLY IF IFORD=2 OR 3

Nigl(nlte]

CALL OCIv

ILL=2

IF (ISHAPE.EQ.1l}) GO TQ 35

RETURN

PRINT 60

IF (OMI{ICOUNT).LT.OMI(ICOUNT-1)) GO TO 16

AMDA=L AMBDA*EL *EL *EL

PRINT 61, AMDA

TROUBLE ENCOUNTERED ON A BRANCH CURVE CHECK OUT ALL BRANCHES

“ISTART=3

IERROR=1

RETURN

IF (OMI{ICOUNT)LT.OMI(ICOUNT-1}) GO T0O 16

AMDA=LAMBDA%EL*EL*EL

PRINT 62, AMDA

TERROR=2

ISTART=3

RETURN

(7 | (ninam s s oo n s g ﬂ'ﬂTlm'ﬂ11ﬂ‘ﬂ11ﬂLﬂ11ﬂ'ﬂ11ﬂ
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47 FORMAT (72X ,19HPARTIAL DERIVATIVES,/,4(1X,E16.81) F 333
48 FORMAT (3X,5HOOMR=,E16.893Xs5HD0OMI=,E16.893Xs2H0M=2 (EL6 .84 1X1) F 334
49 FORMAT (/45X +5HCDET=,2(E1648,1X) ) F 335
50 FORMAT (///16X,5HOMEGA23X,6HLAMBDA26X, 11HDETERMINANT 23X, 13HNO.ITER F 336
1ATIONS/5X,9HREAL PARTL1Xy14HIMAGINARY PART23X,; OHREAL PARTL1X,14HIM F 337
2AGINARY PART/) F 338

51 FORMAT (5E20.8,15X18) F_339
52 FORMAT (1X,102HNO CONVERGENCE AT THE FCLLOWING BRANCH PT, - PROGRA F. 340
1M WILL PROCEED TO NEXT BRANCH PT., PROVIDED IPROCD=1) F 341

53 FORMAT (/,5Xy20HTHE MAGNITUDE OF OM=,E16.8,2H+1,E16.8,2X,8HEXCEEDS F 342
1 4E16.8/45X,3THPROGRAM WILL PROCEED TO THE NEXT CASE) F 343

54 FORMAT (/,30X,42HFLUTTER INSTABILITY ENCOUNTERED AT LAMBDA=,F8.5,5 F 344
1Xo GHOMEGA= ¢ FBa4/ 9 30X 94 2 H % %% Jeodeode de Ak e o oo e e el o e e s o o e e e e o o o e b e etk o ok ok ok F 345

2,/ F 346

55 FORMAT (/95X 14HLAMBDA EXCEEDS+F10e5) F 347
56 FORMAT (//,50X, LTHDEFORMATION SHAPE./I'IX,BHPOSITION,ZSX 10HDEFLEC F 348
1TTON+ 40X, SHTWIST, /423X, SHMAGNITUDE 20X s SHPHASE+ 15K, SHMAGNITUDE » 15X F 349
2,S5HPHASE, /) F_350

57 FORMAT (3XyI13/10XsE1648+8X1E16e8910XsE160858XsE16e8) F_351
58 FORMAT (//410X,62HMINIMUM FLUTTER SPEED FOR PRELIMINARY DESIGN OCC F 352
1URS AT LAMBDA=,E16.8,10HAND OMEGA=,E16.8y1Xs13HON BRANCH NO.,12/,1 F 353

20Xy 51 (1H*1,/) F 354

59 FGRMAT (//,5X,75HALL BRANCHES SEARCHED OUT BUT NO FLUTTER SPEED FO F 355
~1UND FOR PREL IMINARY DESIGN) F 356
60 FORMAT (//+5X+16HSTOPPED ON ISTOP) F 357
61 FORMAT (//,5X,73HCURV IS POSITIVE AND INSTAB=0 THEREFORE IERROR=1 F 358
1 TEST OUT ALL BRANCHES/,5X,21HOCCURANCE AT LAMBDAN=,El6.8/) F 359

62 FORMAT (/755X, I5HICOUNT EXCEEDS 12 WHILE ISTART=2 SET IERROR=2 AN F 360
'“_ 1D SEARCH GUT ALL BRANCFES,/5Xs 20HOCCURANCE AT LAMBDA=,£16.8/) F 361
END F 362~
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SUBRQUTINE CF1 G 1

C G 2

C TO DETERMINE THE REDUCED FLUTTER DETERMINANT o G 3

C G 4

C I1SYM=1, CLAMPED ROOT _ G 5

C [SYM=2, SYMMETRIC WING FLUTTER AND/OR DIVERGENCE G 6

C 1SYM=3, ANTI-SYMMETRIC WING FLUTTER AND/OR DIVERGENCE G 7

_ REAL LAMBDA G 8

COMPLEX CM, HsAL,:rGMZvAK,IIvaDlvDZiQMl(10)1QH(10’1QAL(10’1QMA(10. G S

1,QMB(10),AQH,AQAL ,AQAL1,UMAI(10) yQMMU(104,SH,SAL,SHP ,AQHL yAK2,45,T, G 10

2QMAZ2{10) ,QHL(10),QALY(10),QM2{(10),QMAA,QMBB+Q1,0Q2,A0,A1,A2,A3,AH1l, G 11

2AH2 3 AH3,AH4,AAL1  AAL2,AAL3,AAL4y WO . B G 12

COMMON // IX4JXy IERRCR,KOPT/CUM/OMyL AMBDA,RHD, EM(60) ,EI(61),GJ(61) G 13

} 1,A{60)9BlE0) 4 SWLO60) 1 AR oRGSQL €0 yMUSEL3,3) ,W{60) ,ALL{60) yNN,SWEEP,IP G 14

2ROCDy ITMAX,ISYM,CLI90),AC(90)/STATIC/IST,ALO,CMAC,EL ,ISHAPE/PYLON/ G 15

ABPY{10¥,CPY{10),DPY{ 10} ,ENJLI0O) yENMILIO) ,ENET(1IO},ENGJ(IO)»PYL(10)y G 16

4L0C(10) +NENG G 17

B ‘NAMELIST /DEBUG2/ E .G 18

ALOS=CMACS=0, o G 19

IF (I1ST.EQ.4) ALOS=ALO G 20

1IF {ISTeEQe%4) CMACS=CMAC G 21

C BRHO=RHO G_ 22

B BLAM=_LAMBDA G 23

P1=3,141592653589793238 G_ 24

11=CMPLX({Derl.) G 25

IF (IST.GEe2) OM=0M2=0, G 26

(M2=0N*CM 6 27

IF (LAMBDA.EQ.O.) GO 10 1 G 28

AK=CM#SQRT{RHO/ {PI*LAMBDA%AR}} G 29

GO 10 2 G 30

1 AK=0 o G 31

2 DO 36 N=1,NN _ S G 32

MN=0 G 33

AL{I)=ALL2) =W (1) =W{2)=W(3) =0, G 34

IF (1SYM.EQ.2) GO 7O 3 G 35

IF (NeNEoe3osANDaISTeNEWs4) WIN+1l)=1l, G 36

IF (NJEQ«3 . ANDIST.NE.4) AL(2)=]1. G 37

IMU=2 G 38

GO T0 4 G 39

3 "IF [NeNE«3) HWiN)=1la G 40

IF (NJEQ.3) AL(1)=1. G &)

1MUY= G 42

4 CONTINUE R G 43

- MULl=MU~1 G 44

. MUZ2=MU=-2 G__ 45

B MU3=My-3 G 46

LS=COSISWEEP) G 47

SN=SIN{(SWEEP) G 48

TN=SN/CS G 49

08=1./8, G 50

FI2=2.%P1 G 51

AR2=AR*AR G 52

BJ2=8(1l)%xB(1) G 52

IF {ISYM.NE.3) GO TO 8 G 54

C CALCULATE WO G 55

=oS*¥EI{1)+,252FE [{ 1 ) XDBAR¥CS# 255G J( 2 )X TN*TN-OB%EM(1) *OM2%RGSQ(1) G 56

B 1XTN®TN/ (AR*AR)+08%EM{1 ) #SW( 1 )*DBAR¥OM2*TN/CS/AR-.5*ET (1) *#DBAR2/CS2 G 57

2+.5%EI{1)*%DBAR/CS+.25*%EI (2)*DBAR2/CS2~08%EM(1)*CM2*DBAR2/CS2+08%EM G 58

3(1)1%SW(1)*0OM2*DBAR/AR/CS*TN G 59

A2=,5%EI({1)~.5%EI{ 1) *DBAR/CS—.25%GJ{2) *TN2+08*EM{] ) *¥0OM2*TN2*RGSQ(1 G 60

1V/AR2-08¥EM{1)ASW (L) *DBARXOM2¥TN/CS/AR+5*ET( ) )*DBAR/CS~.25%E1(2)}%* G 61

- ZDBARZ/CSfEI(2)*DBAR/CS—025*EIlZl*DBARZ/CSZ*DS*EM(l’*0M2*DBAR2/CS?~ G 62

) 3GB*EM(1)*OM2*SN(1)*DBAR*TN/AR/CS G 63
« S*¥EL(2)*DBAR/CS G
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C £DD ON AERCDYNAMIC LCACS G 65
AH1=B (1} *(B{1)*OM2*RHO-TI*CL (1 )*AR*C*L AMBDA*AK)*DBAR/CS G 66
AH2=B8(1)*B{1)*(OM2*¥RHO+TI1*P[*L AMBDAXAK*AR%(1, +CLLL)/PT*(CLAL) /P2 G 67

1ACMA/B{L)1*C)+CLU1)*LAMBDA*AR*B(1)*C)*TN/AR G 68
AH3=—=(CLUL)*C+TT*PI*AK*B(1))*B(1)*LAMBDA*TN G 69
AH4=(CL(1}*{CL(1)/PI2+ACMA/B(1))%C~ II*PI*AK*A(ID)*BJZ*LAMBDA G 70
AAL1=BJ2/ AR* [A{1)*RHC/AR%OM2+1 [ %P T *AK *LAMBDAXACMA/PI /B{L1)*CLI1I%*C) G 71

1*DBAR/CS G 712
AAL2=BJ2/ARX (RHO*BJ2/AR*{08+A(11*A(1)/BJ2)*%0M2-2. %P1 *] [ *AK*LAMBDA®* G 73
1B{1)*{(. 5+ACMA*CL(1)*C/PIZ/B(1)l*(CL(ll/PIZ#ACMA/B(l)) —ACMA/BLLI*CL G 74

2{1)1*C*LAMBDA)*TN/ AR G 75
AAL 3=~ (TT#PI*AK*A{1)-ACMA/B(1)*CL{1)%C)*BJ2/AR2*LAMBDAXTN G 76
AAL#-—BJZ*TN/ARZ*(II*AK*(08+A(1)*A(l)/BJZ)*BJ2+A(1)+(1.+ACMA/PI*B( G 77

Li)*CL{1)1*C)*{CL(1)/PI2+ACMA/B(1) ) *B{1) ) XPI*LAMBDA G 78
AO=AQ+.25%DBAR/CS*(—o 5% AH]1—¢ S¥AH2~o 5% AH3+4 S*¥AH4XTN/AR ) +4 SXTN/ARX(~ 6 79

1o5%AALL1~¢ S*AAL2—s SXAAL3+,5%AAL4%*TN/AR) G 890
A2=A2+.25%DBAR/CS *( o 5%XAH]1 +o 5%AH2+, 5%AH3— . 5%AH4*TN/AR )+, 5% TN/AR*¥ (.5 G 81

1XAALL+6 5% AAL 240 S*AAL3 -0 S*AAL4XTN/AR) G 82
A4=,25%DBAR/CS*AH4 + . SXTN/ARXAAL 4% . 5%GJ{ 2) % TN*AR G 83

C ADD ON ENGINE TERMS ] G 84
IF {NENG.EQ.0) GO TO 7 G 85
DO 6 1J=1.NENG G 86
IF (LCC{IJ)ohE.l) GO TOQ 5 G 87
AQAL=CPY( IJ)*OM2*TN/(1.-0OM2*DPY(IJ)) G 88
AQALL=CPY(IJ)*0OM2/{] .~CWM2%DPY{T1J)) G 89
AO=AOQ+.5%TN/AR*(~-AQAL )+, 25%(—-AQALL) G_90
A2=A2+,5%TN/AR*AQAL+.25%AQAL1L G 91

5 IF (LOC{IJ).NE.2) GO TO ¢ G__92
AQH=CPY{TJ)*CM2*AR*CS/ (1.,-DPY{I1J)} G 93
AQAL=~0OM2*ENM(TJ)*PYLITJ)/AR*SN/{1.-BPY(IJ}) G__94
AQAL1=,25%DBAR/AR G_ 65
AC=AQ+.25%DBAR/CS*{AQH*AQALL+AQAL*(-AQALL*TNI*PYL(IJ)) G 96
A2=A2+,25%DBAR/CS*(AQH*(~AQALL ) +AQAL* [AQALI*TNI*PYL{TIJ)+1,.) G_ 97
A3=A3+.,25%DBAR/CS*( o 5*CS/AR+AQAL* (- 5/AR®SN*PYL(1J))) G 98
A4=A4+,25%DBAR/CS*(AQH*SN+AQAL *CS) G 99

£ CONT INUE G 100

1 WO=—~(A2%#W(2) +A(31*W (3 )+A(4)*ALL12))/A0 G 101
WI1)=DBAR*.5%{W(2)~-WO)/CS G 102

c COMPUTE AERODYNAMIC LOADS AT J4=1 ) G 103
Q1=(AH1+AH2#AH3-AH4*¥TN )%, 5% (W{2)-WO) +tAH4*AL(2) G 104
Q2=(AALL+AAL2+AAL3-AAL4*TN) % 5% (W(2)-WO)+AAL4%AL(2) G 105

8 DO 35 J=IMU,MU G 106

C G 107
C={1lo#10.61*TI*AK¥B(JIDI/(1at13.51%II*AK*B(JIII* () +1.TT4*IT*AK*B(J) G 108

11/ 01 o42.7T45% T T*AK*B(J) ) G 109

C PRE CALCULATIONS FOR ENGINE LOADS G 110

c G 111

C DETERMINE SLOPES G 112
iF {J.EQ.1) GO 7O 10 G 113
IF (J.EQ.MU) GO TO 11 G 114
SH={W({J*+1}-WlJ-1) )%,5 G 115
SAL=-AL(J-1}%,5 G 116
IF (J.EQ.2) GO TQ 9 G 117
SHP=o 5% {W{J)=-W{J-2)} G 118
GO T0 12 G 119

S SHP=-AL{1)*AR*TN G 120
IF (TSYM.EQ.3) SHP=AR*AL{1)/TN G 121
GO 10 12 G 122

10 SH==-2 ., *¥AR¥AL {(J)*TN G 123
SAL=-AL{1) G 124
GO 70 12 G 125

11 SHP=o SX{WIMU)-W(MU1)} G_126
SH=H{MU)-WIMUL) G 127
SAL=AL{MU)=-AL{MUL) G 128
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12 CONTINUE G 129
IF {NENG.EQ.0) GO 10O 18 G 130

DO 17 1J=1,NENG 6 131

IF (JoGTo(LOC(IJI+1)OR.JLT.(LOCIIINI-1)) GO TGO 16 G 132
Di=1,-0M2*BPY(IJ) G 133

D2= 1.-DM2*DPY(IJ) G 134

C G 135
IF (J.NE.LOC(IJ)) GO 7O 13 6 136

1F (JeEQ.MU) QMMUITJI=ENJ (T J)#ENM{ 1) ¥OM2*AR*( AL (J 1*SN+SH*CS/ARI*C__ G 137
1S/D2-0OM2*ENM(TJI*PYL(TJI/AR*{(AL(JI*¥CS~SH*SN/ARI*PYL (1 J)+W{J))*SN/ G 138

201 G 139
QH(IJ)-OMZ*ENM(IJO*((AL(J)*CS-SH*SN/AR)*PYL(IJ1+H(Jl)/Dl G 140

QALIT JV=0MZ*ENM{TJI7 TARFAR) X ((AL £ J)I*CS-SHESN/ARY#P YL (TJ)+W{JIY*¥PYL G 141
TUTJT*CS/DL+ENJ(TJVXENM( T J)V*OM2* (AL (J) * SN+ SH*CS/AR) *SN/D2 G 142

i IF (J+EQ.1) QMI(TJI=-CM2*ENM(IJI*PYL({IJI/AR*{AL(1)1/CS*PYLIIJI+W{1) G 143
1)%SN/D1 G 144
GMA(T J1=QMB{TJ)=QMAL (TJ)=0MA2(1J)=QHI{1J1=QALL(1J)=0M2(1J1=0,. G145

GO 10 17 G 146

13 IF (J.EQ. (LOC{IJ)-11) GO 7O 15 G 147
OMBITJI=ENMITJV*¥ENJ (T J ) *0OM2*¥AR* (AL(J-1)*SN¢SHPXCS/ARI*CS5/D2~-0OM2%EN G 148
IM{TJVRPYL (T JI/AR* L{AL{J=1 ) %*CS=SHP*SN/ARY*PYL {TJ)+W {J~1) ) %®SN/D1 G 149

IF (ISYM.NE.3.0R.J.6T.2) GO TO 14 G 150

GHI{T JI=0V2*ENM(IJ)*DBAR/CS*{W(2)-WD)*,5/D1 6 151
QAL1{TJ)=0M2*ENM( T J)V*DBAR/AR2*, 5% (W(2)~WOI*PYL(T1J} /DL +CPY (1 JV%0M2* G 152
1(W{2) -WO)*TN/D2 G 153
OM2TTJ)=CPY{TJ)*OM2%AR*(ALL2)%SN+SH/ARYCS) *CS/C2~0OM2*ENM( T JI*PYLITI G 154
TIV7AR*((AL(2)1%CS=SH®SN/ARI*PYL({1J)+W( 2} ) *SN/D1 G 155

14 CONT INUE G 156
QMA(T J)=QH{T J)=QAL{TJI=QMAL {1J)=QML{T1J)I=QMA2(1J)=0 G 157

GO 10 17 : G 158

15 QMAA=ENMI I J)*¥ENJ({ TJ)*0OM2*AR*CS/ D2 G 159
QMBB=-0OMZ2*ENM{TJ I *PYL( I JI/AR*PYL(1 J} G 160

QMATT J1=QVFAA* (=W (J) 1/ (2 FARV¥CS-QMBB¥{W(J ) /{ 2 *AR) XSN+W(J+1) ) %SN/D G 161

11 G 162

UMAZ (T J)=QMAA+QMBB*SN/TL G 163

OMAIL IJI=0OM2¥ENMI T IV *PYL (1 J)*PYL (1 J}/ (2. %AR®AR ) *SN/D1 G 164

GRL (T =QAL1(1J)1=QM2{1J)=.0 G 165

GO 10 17 G 166

16 QHIT IV =QAL{TJI=QMA(TJV=QMBITJ)=QMAL(TJI=QMAZ{ TJ1=QMI{1J)=QMMU(1J}= G 167
TQHI(TJI=QALI(TJ1=aM2(1J)=0. G 168

17 CONTINUE G 169
[o AERODYNAMIC LOADS G 170
18 BJZ=B(J1*B8(J) G 171
ACMA=AC(J)=ALJ) G 172

" AQH=B LJ) *{OM2*RHOXB () -IT*CL (J) *AR*C*LAMBDA*AK ) ¥W{ J) +BJ2* (OM2%RHO* G 173

T 1A /BT I *P I AL AMBDAXAKXAR%Y(1.+CL(JI/PT*{CLIJ)/PI2+ACMA/BLI)I*C) G 174
2+CL{JYRLAMBDA¥ARXB(J)I*C)=AL(J) G 175
AQAL=BJ2/AR*(A(J) *RHO/AR*OM2+ 1 %P I *AK *L AMBDAXACMA/(BR{JI*PIIXCL( JI* . G 176
1C)*W( JI+BJ2/AR* (RHO*BJ2/AR* (D8+A(J)*A[J)/BJ2 ) CM2-PI2* T 1 AKX AMBDA G 177
2¥B(J1=(. 5+ACMA*CL(J)/(PIZ*B(J))*C)*(CL(J)/PIZ+ACMA/B(J))—ACMA/B(J) G 178
3%CL{J)*CXLAMBDA) X AL { J) G 179

C ACCOUNT FOR SLOPES IN AERODYNAMIC LOADS G 180
T AQHI=(CL{J)*{CLUJ)/PI2+ACMA/B(J) ) *C~TIXPI*AK*A{J)}) *BJ2%L AMBDA%*TN G 181
- AQH=AQH~(CL{JI*C+T1*P I#AK*B(J) ) *B(J) *LAMBDA*SH*TN+AQH1%*SAL G 182
AQALL=-BJ2/{ARXARI*TN* (T I*AK*(08+A(JI*AlJ)/BI2)*BJ2+A(J)+(1.+ACMA/ G 183
1(PT*BIJII*CL (JI*CIX{CL(JI/PI2+ACMA/B(J) ) %B(J) } *LAMBD A*P1 G 184
AGAL=AQAL-{II*PI*AK*A(JI-ACMA/B(J)*CL{J)*C)*BJ2/ (ARXAR)I*L AMBDAXTN* G 185
 1SH+AQALI*SAL G 186
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c G 187
c PROCEED ALONG SPAN CALCULATING AL(J*1) AND W(J+2) G 188
i JP1=J+1 G 189
JP2=J+2 G 190
JM1=g-1 G 191
JM2=9=2 G 192
T=EI(JP1) G 193
S=GJ(JP1) G 194
TF (J.EQ.1) GO T4 21 G 195
IF (J.EQ.2) GO T0 24 G 196
IF (J.EQ.MU1) GO TO 29 G-197
— IF _(J.EQ.MU} GO TO 33 G 198
S=S+, 5%AQALL G_199
AL(JP11=-GJ (JI*AL(JMI) +({GIUJPLI+GJ(J)—OM2*EM(J) *RGSQ(J)/ (AR®ARII*A G 200
TLTJI+CM2ESWIJI*EM(J)/ (AR*AR ) *W [J ) -AQAL G 201
WIJP2)=—ET(JML) *W(JM2) + 2, *(ET(JI+EL (JMLI I *WJIML)-(EI (JPL ) #4.*ET(J) G 202
1+ET (JML)—EM(JI*¥OM2 ) ¥ W(J1+2. ¥ (ET(JPLI+EI(JI ) *W(JP1)~EMIJ) *¥SWIJI *OM2 G 203
2%AL (J)1+AQH G 204
C G 205
C APPLY ENGINE LOADS G 206
IF (NENG.EC.0) GO TO 20 G 207
D0 19 1J=1,NENG G 208
T=T+.5%QMA1{1J) G 209
ALTIP1I=AL{JPII-QAL(TJ) G 210
19 W{JP2)=W(JP2)+QHITJ 1+, 5*(QMBI1J)-QMA(TJ)) G 211
20 AL{JPLI=AL(JPIN/S G 212
W(JP2)1={W(JP21+, 5*AQHL*AL(JP1) ) /T G 213
60 10 35 G 214
21 S=S+AQAL1*.5 G 215
AL{2)=(GJ (21— 5*EM(LI1*OM2*RGSQ(J )/ (AR*ARD 1 *AL( 1)+, 5%OM2*EM(11%SW(1l G 216
1)%W(1)/(AR¥AR) =, 5*AQAL +2, *EL (L VX TN*( (W(2)-W(1) }/AR+AL{L)*TN) G 217
W(3)=2 *#(ETCLI+ET(2) )¥W(2)-( 2. *EI( L) +EL (20—, SXOM2*EMI1) ) *W(1)=-,5%E G 218
IMULI*SW{L) *OM2%AL (1) +4 5*AQH#2 ¥ARKET (1 V¥ TN*AL (1) G_219
IF (NENG.EQ.0) GO TO 23 6 220
DO 22 [J=1,NENG G 221
T=T+QMAL (1J)*.5 G 222
ALL{20=AL(2)-QAL(TJ)*,5+QML(1J1 *,5/ARXTN G_223
22 W(31=W(3)+.5%QH(1J 1= 5%QMA(TJ) G 224
23 AL(2)=AL(21/S G 225
W(3)=(W(3)-,S*AQHI*ALI20)/T G 226
GO 70 35 6 227
24 S=S+.5%AQALL G 228
— AL(3)=-GJ(2)1*ALT1) +{GJI(2)+GJ(3)-EM(2) FOM2*RGSQ(2)/ (AR¥AR) V¥AL(21+E G 229
LMI2) ¥CM2%*SW{2)/ (AR¥AR) *W(2)-AQAL G 230
IF (ISYM.NE.3) GO 70 25 v G 231

Wl4) = S*ET(LI*(W(21-2 *WIL)+WO ) -2 *EL (2) # (W (31 -2, *W(2) +W( 1) I+EL(3) G 232
TF(W(4 -2, *W 31+ Wl 2) T-EM( ) *OM2* (W(2)~ALI2) *¥SW(2) )+ (GJ(2) ¥ (AL(2) (W G 233
2(21-WO) 7AR¥.5*¥TN) *AR=, 5 #EM(1 1 *OM2* (RGSQULI#TN/ AR-SW( 21 ¥DBAR/CSI*(W G 234
Z(21-WOT¥. 51 % 5FTN/AR#(—ET (L) *(W{2)-2, *W{ LI+ WO +EL(2) * (W(3)-2.*W(2) G 235
ZFWIT) 1= S*EM(L1I* (W(L)-SW(L)*AL (1)) *OM2 ) *,5%DBAR/CS G 236
W(4)=W(4)—AQH=-. 25 ¥ TN*AR*Q2~ 4 25*DBAR*QL/CS G 237
Wik =—nl4) G 238
GO 10 26 G 239
25 CONTINUE _ G 240
W(41=2. % (ETCI*ET(2) I¥W (1) (2. *ET (1) #+4. FET( 2V +EL(3)-OM2*EM(2) 1 *W(2 G 241
11+2 % (ET(2)+ET(3) )W (3)-CM2*EM(2) *SWI2 I FAL (21-2,*E T L) ¥ARXTN*AL (1) G 242
2+AQH , 6 243
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26 CONTI NUE G 244
IF (NENG.EQ.01 GO T0 28 G 245

DO 27 1J=1,NENG G 246
T=T+.5*%QMALI1J) G 247
AL{3)=ALI3)-0AL{TJ) G 248

IF (I1SYM.EQ.3) W(4)=W(4)+,25¢TN*AR*QALL1(1J)+.25%*DBAR/CS*(QHI(1JI%Q G 249

IM2C1J 11 G 250

27 W% =W{4)+QRA(TJ )~ . 5*QMA(T]) G 251
28 AL(3)=AL(3)/5 G 252
W4 = (W4 )+ SFAQHI*AL(3))/T G 253

GO 70 35 G 254

25 $=5+. 5%AQALL G 255
AL(MUT=—GJ{MULT#AL(MUZ) *(GJ (MUL) +GJ(MUI-OMZ*EM{MUL 1/ (AR¥ARI*RGSA(M G 256

TUIT VAL (MULI+EM(MUL T *CM2/ (AR®AR ) #SW (MUT 1 %W (MUL 1-AQ AL G 257

~ IF _(NENG.EG.0) GO TQ 21 6 258

i D0 30 I1J=1,NENG G 259
Y AL(MUY=AL (MU)—-QAL (1) G260
31 AL (MUI=AL(MUI7S G 261
E(L1,NI=ET(MU2)* (W(MUL) =2 *W(MU2 ) +W(MU3) )2, *ET (MUL ) *(W(MU) =2, *W(MU G 262

110 +W(MU2) )~OM2*¥EM(MUT) *( W(MUL)~SW(MUL) *AL(MUL) ) ~AQH-AQHL*AL(MUI *.5 G 263

IF (NENG,EG.0) GO TO 35 G 264

DO 32 1J=1,NENG G 265

32 E(LyNI=E(1,NI-QH(IJ) = 5* (QMBIIJ) - 5*(QMALTIJ) +OMALI TI ) * (2. *W(MU)-W( G 266
1MUY G 267
~GO_T0 35 G 268

33 E(2,N)=EI (MUL) * (W (MUI=2 . *WIMUL} +W(MUZ) )= o S*¥EM{MUYXOM 2% WIMUI=AL(MU G 269
1) *SW{ MU) ) —s 5%AQH G 270

EC(3, NI =GJ(MUI*(AL (MUI-AL(MUL 1) -, 5*EM{MU) *{ AL (MU)*RGSQIMU) ~SWIMUI®XW G 271

1(MU) ) *OM2/ (AR*AR ) -« 5%AQAL G 272

IF (NENG.EQ.0) GO TO 35 G 273

D0 34 1J=1,NENG G 274
E(2,NI=E(2/N)1=<5% (QH(TJI+QMB (1 JI+QMMU(1J)) G 275

T34 E(3,NI=E(3,NI=.5%QALLT J) - T G276
35 CONTINUE 6 277
3¢ CONT INUE G 278
RETURN G 279

c G 280
END G 281-

&
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_  SUBROUTINE DEUPPS (A,N,DET,MAX) H 1
N COMPLEX A(MAXsN) y SWAP,DET,CO0,C1 H 2
T COMMON // IXyJX, IERROR,KOPT H 3 -
CO0=(0, 10., ! - H 4
Cl=(1ley0) H 5
‘DET=C1 H 6
ANN=N-1 H - 7
[ PIVOT SEARCH H 8
DO 7 I=1,NN H 9
CAVM=(0, H 10
11=1 H 11
DO 1 J=11,N H 12
SWAP=A{J,11) H 13
AR=REAL{SHWAP) H 14
Al=AIMAG({SWAP) H 15
CAVA=ABS{AR)+ABS(ATl)} H 1¢é
IF {CAVM.GE.CAVA) GO TO 1 H 17
IROW=J H 18
CAVM=CAVA H 19
1 CONTINUE H 20
IF (CAVM.EQ.0.) GO TO 8 H 21
C ROW INTERCHANGE H 22
IF (IROW.EQ.IT) GO TO 3 . H 23
DET=-DET H 24
00 2 L=II4N H 25,
SWAP=A({IROW,L) H 26
A{IROW,L)=A{II,L) H 27
A{II,L)=SWAP H 28
2 CONTINUE H 29
3 SWAP=A{II,II) H 30
CET=DET%SHWAP H 31
C NORMALIZE PIVOT ROW H 32
K=Il+1 H 33
DO 4 L=K,N H 34
4 A(TIL,L)=A{II,L)/SHAP H 35
C ELIMINATICN H 36
DO 6 L1=K,N H 37
SWAP=A(L1l,I1) H 38
DO 5 L=K,N H 39
A(LL»U)I=A(LT,LI-A(TI,L )*SWAP H 40
5 CONTINUE H 41
[ CONTINUE H 42
7 CONT INUE H 43
o .....60.T09 ____H 4a
8 DET=CO H__45
A GO T0 10 H_ 46
9 DET=DET*®A {NyN) H 47
10 RETURN H 48
END H_ 49~
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SUBROUTINE DIV B 1
c ] 1 _2
c CUMPUTES DIVERGENCE SPEED 13
C _ I 4
REAL LAMBDA \ I_ 5
CIMENSION X(3), Y(3) [ 6
COMPLEX EsQMyCDET WAL I 7
COMMON // IXysJXs IERROR,KOPT/CUM/CM,L AMBDALRHOLEMI60) JET(61),6J(61) I 8
1,A060)4B(60) ySWI60) s ARZRGSQA(E0) 9MULE(343) 4 WI60) 4 AL(60) NNy SWEEPLIP I 9
2POCD, ITMAX, ISYM,CLL90),ACI90)/STATIC/IST,ALO,CMAC,EL ,ISHAPE/PYLON/ 1 _ 10
3BPY(10),CPY(10),DPY{10) ENJ{1O),ENMII0),ENFII10),ENGJ(ID),PYL(10), [ 11
41.0C{1004NENG v ‘ o 112
ABSCTSA(X3yX2sX1s¥3,Y2,Y1)1=X34((Y1*Y3-Y2kY3)R(X3-X1)*(X2-X3))/(¥Y1l* [ 13
LY2%(X1-X2)+YL1 Y 3% (X3-X1)+Y2%Y3%(X2=-X3] ) I 14

IF (1S5T,GE410) GO 1O 7 115
LAMBDA=0. I_1s
KOUNT=0 117

B 1ST=2 I 18
_ NN=3 119
i PRINT 11 I 20
LU=1 I 21
DAM1=DAM 122
LAMBDA=DAM] 123

CALL CFI I 24

CALL DEUPPS (E3,CDET,3) 1 25
XP=REAL{CCET} 126

1 LAMBDA=LAMBDA+DAML v 27
KOUNT=KOUNT +1 I 28

CALL CFI 1 29

CALL DEUPPS (E,3,CDET,3) 1 30
X{1)=REAL (COET) - I 31

T ALAM=LAMBDA®EL*EL*EL - R -7
" PRINT 10, ALAM,CDET,KOUNT i I 33
FMEP=ABS(XTL1I-XP) [ 34

m_, 1F (FMFP.GE.ABS{XI11)).ANC.FMFP  GE.ABSI(XP)) GO 10 2 I35
XP=Xx(1) I_36

IF (KCUNT.GT.100) GO 10 6 I 37

IF {LAMBDA,GT.DAMMAX) GO TO 6 i 1 38

_ GG 70 1 o I_ 39
2 Y(3)1=LAMBDA 140
Y(1)=LAMBDA—DAM] I 41

T LAMBDA=LAMBDA- ,.5*DAM1 1 42
_ Y(21=LAMBDA i I 43

___ CALL CFI I 44
i CALL DEUPPS (Es3,CDET,3) 1 45
X(31=x(1) T 46
X(11=XxP 147
X(2)=REAL(CDET) 1 48

o X0=Xx(1) ‘ I 49
__ ALAM=LAMBDA® EL¥EL*EL I 50
- PRINT 10, ALAM,CDET,KQUNT 151
AM=Y (2} 152
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3 LAMBDA=ABSCISALY(3)5Y(2),Y(1),X(3),X(2),X{1)) 53
CALL CFI L 154

CALL DEUPPS (E,3,CDET,3) 155
ALAM=_AMBLCAX EL* EL #EL 156

i PRINT 10, ALAM,CDET,KOUNT 157
X{11=REAL (CDET) 1_58
Y(11=LAMBDA 159
IF_(ABS(LAMBDA-AM).LT.1.E~5) GO 70 5 160

“&M=L AMBDA 61
IF_(KCUNT.GT.100) GO 70 6 I 62
IF_(LAMBDA.GT.DAMMAX) GG TO 6 1I_63

) LU=2 : 164
DAM1=DAM1/4. 1_65

” KOUNT=KOUNT +1 I 66
T N0 & 1=LU,3 167
LAMBDA=LAMBDA+DAM1 I 68

CALL CFI 169

CALL DEUPPS (E,3,CDET,3) 170
X(1)=REAL (CDET) I 71
Y(I)=LAMBLA 712

% CONTINUE 173
GO T0 3 I 74

£ ALAM=LAMBDA®EL*EL#EL I A £
PRINT 8, ALAM,CDET,KCUNT I 76

RETURN 77

3 KUAM=LAMBDA® EL¥EL ¥EL 1_18
PRINT 9, KOUNT,ALAM,COET 79

7 RETURN I 80
T [ 81
8 FORMAT (/7,20X,2LHDIVERGENCE AT LAMBDA=,E16.8s5X,5HCDET=92E16.8+5X 1 82
1,16HNO. OF TTERATIONS=,14/) 183

g FORMAT (/7 420X, 20HDIVERGENCE NOT FOUNDy5Xy 6HKOUNT= 41 4,5X, THLAMBDA= T - 84
17E16. 855X, 5HCDET=, 26164 €7) — I 85

10 FORMAT (5X,E16e8y10XsE1648,1XsE1648,10X,12) 186
11 FORMAT (B8Xy6HLAMBDA,20X,4HCDET 415X, 10HI TERATIONS) 187
END 1 88
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|

" SUBRGUTINE NATRL (JLMAX,05,0E,ODEL) o J 1

C J 2

[ COMPUTES NATURAL FREGUENCIES OF AIRCRAFT _ 3

C ILMAX=NUMBER OF FREQUENCIES 10 BE FOUND J 4

C 0S=STARTING VALUE FOR SEARCH J 5

C OE=FINAL VALUE FOR SEARCH J 6

_C CDEL=STEP SIZE TO BE USED IN SEARCH Jd_ 7

C J 8

REAL LAMBDA Jd 9

COMPLEX OM,WeAL ELCDET J 10

;__ COMMON /7 1XyJXs IERRCR,KOPT/CUM/0OM,LAMBDA,RHO,EM{60) ,EI(61),64(61) 4 11

19A(60),B(60) ySWI60) yAR,RGSQUE0) s MULEL3,3),WI60)+AL {60),NNySWEEP,IP J 12

A 2ROCD» TTMAXy ISYMyCL(90),AC(S0)}/STATIC/IST,ALO,CMAC,EL,ISHAPE/PYLON/ J 13

3BPY(10),CPY(10),0PY(10),FNJ(10),ENMI(10),ENEI(I00,ENGJ(I0),PYLE10), J 14

4L0C{10) 4 NENG/FREQ/OM1{5),DCM1yDAM,CMMAX1, TDAM, DAMMAX J 15

LAMBOA=0. J_16

NN=3 J 17

ELD=1,./(EL*EL) .J 18

T X=0S*ELD B J 19

T XD=0DEL*ELD J 20

__ XMAX=0E%ELD _ J_ 21

IM=1 J 22

CM=CMPLX{X,o0) J_23

PRINT 7, IS5YM _ J_24

CALL CFI J 25

CALL DEUPPS (E.3+COET,3} J_ 26

FP=REAL{CCET) J 27

1 X=X+XD J__ 28

OM=CMPLX (X, .0) J 29

IF (X.GT.XMAX) GO 10 5 J 30

CALL CF1 J 31

CALL DEUPPS (E+3,CDET,3) - J 32

F=REAL [CDET) J 33

IF (1X.EQ.2) GO TC 2 J 34

PRINT 8y FPyF,yX J 35

2 CONTINUE J 36

EMFP= ABS (F-FP) J 37

[F (FMFP.GE.ABS(F).AND, FMFP,GE.ABS(FP)) GO TD 3 _ J__38

FP=F J 39

GO TG0 1. J_ 40

3 TF (ABS{XD).LT.ABS(X)*.56-2.AND.XD.GT.0.) GO T0O & J 41

==, 5% X0 J 42

FP=F B J 43

GO J0 1 _ J 44

4 Ml (IM)=X*EL*FL J 45

FP=F _Jd__46

TF _(IM.EQ.ILMAX) RETURN Jd 47

IM=IM+1 J__48

XD=0DEL*ELD J__49

- GO 10 1 J 50

5 PRINT 6, IMyGE J 51

RETURN J 52

_c J_53

6 FORMAT {/,2X,25HSEARCHING FOR ROOT NUMBER,I2,27HNG ROOT FOUND OQUT J 5%

170 DMEGA=,€l6.8/) J_55

K FORMAT (/,1Xy5HISYM=,14) e 456

8 FORMAT (3X,3HFP=,E16.8,4H F=,E16.8,4H X=4E1668) O B |
__END 4 58=
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Input Data for Sample Problem

SOPTION ISYM 1,KO0PT=2, iSHAPE=1, | LMAX=5, | MORDER=1,2,3,4,53

S5TRACE DAM=.1, lPROCJ 2,1 THAR= lD ISTOP=200,DAcMAX=4, ,00:il=.1%

SINOUT |X=2,JK=2,IY=2$' ,
$PLAN SPAN=20.,A=30*-1.02,8=30%3,,5W=30%.6,Ra5uy=30%2,61,BCH=30%3,,ZT=30~.05,
U=5,796£9,1.443E8,.0,1.4459E8,5.796E8,3%.0,4.32E3,04EEP=,0,1i=30,
CL=30%56,2831853,AC=30%~-,53

SENGINE ENEl=,0,EHdGd=,0,EWNJ=,0,EMi=,0,PYL=,0,L0C=0,dElG=0%

sveslul EITREF=2,4E8,ExREF=2.5,:H0=,00237, RHUBAR=5.1, 3REF=3,,WT1=30%106.554,
Lui=3,dl=1,08=0,,6=32,25

9PARAM loTIFF 1,AA=.052,7%,0,KVT=1,KV1=5,KV2=1,0EL=. dl57U79u,dAA 1005
qNATFQ Jo=,1,UE= Dd.,UOLL— 35
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TABLE L.- FLUTTER SPEED COMPARISONS FOR UNIFORM

OF ASPECT RATIO 6.67

| CANTILEVER RECTANGULAR STRAIGHT WING '

Program .Pemen t | Flutter
refﬁre e Description Flutﬁif /}slgeed, gllftffg ‘;{I;%et fre(gxzency,
solution

4 and 5 Exact analysis 494 —— 11.25
COMBO¥F 10 finite-difference stations 484.2 -2.0 11.20
COMBOF 15 finite-difference stations 483.4 -2.1 11.24
COMBOF 20 finite-difference stations 483.1 -2.2 11.28
COMBOF 25 finite-difference stations 483.1 -2.2 11.27
SADSAM, ref. T 1 finite element 447.1 -9.5 _———
SADSAM, ref. 7 10 finite elements 472.5 -4.4 ————

TABLE II.- FLUTTER SPEED COMPARISONS FOR THE SYMMETRIC
FLUTTER OF UNIFORM RECTANGULAR STRAIGHT WING
OF ASPECT RATIO 6.67 AND WITH ATTACHED

FUSELAGE AND TIP WEIGHTS

94

Program Flutter
or Case Description Flutlzre;' /Islgeed, frequency, Branch
reference (a) Hz
5 1 Exact analysis 1054 3.05 First torsion
COMBOF 1 31 finite-difference stations 1049 3.05 First torsion
SADSAM, ref. 7| 1 10 finite elements 1049 3.01 First torsion
COMBOF 1 |31 finite-difference stations 994 1.81 | First bending
SADSAM 1 10 finite elements 990 '1.81 | First bending
COMBOF 1 31 finite-difference stations 943 16.48 Second bending
SADSAM 1 10 finite elements 961 16.2 Second bending
5 2 Exact analysis 826 3.05 First torsion
COMBOF 2 31 finite-difference stations 821 3.02 First torsion
SADSAM 2 10 finite elements 837 3.00 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




TABLE III.- FLUTTER SPEED COMPARISONS FOR UNIFORM
CANTILEVER RECTANGULAR SWEPT WING
OF ASPECT RATIO 12.4

Flutter speed, km/hr Percent
Sweep angle, difference
deg Reference 6 COMBOF wi_th
Experimental | Analytical experiment
0 368 346 354 -3.8
30 378 368 370 -2.1
45 433 426 423 -2.3
60 563 568 541 -2.1

TABLE IV.- PROPERTIES OF BORON-EPOXY COMPOSITE, UNIFORM,

CANTILEVERED, RECTANGULAR STRAIGHT WING
OF ASPECT RATIO 6.67

Elastic moduli:

E, = 276 GN/m?
E, = 27.6 GN/m?2

Vi = 0.25

Gy

= 10.3 GN/m?2

Wing properties:

a=-0.34
b=1.0
X = 0.2
2 _
r, = 0.29
C, =271
ly
a, = -0.5
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Figure 1.- Aircraft model.
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2b*

Figure 3.~ Laminated, balanced ply, filamentary composite wing box.
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Figure 4.- Flow diagram of COMBOF.
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0 45 90

Angle of filament orientation, 6, deg

Figure 5.~ Variation of GJ and EI 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/mrfc = 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/mr:c = 64,
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m/mrK

A
=2}
l

Flutter parameter,
1~
I

I ]
0 45 90

Angle of filament orientation, 6, deg

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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Flutter parameter,
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Uniform laminate
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| _J
0 » 45 90
Angle of filament orientation, 6, 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/m .k = 8.
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projects, monographs, data compilations,
handbooks, sourcebooks, and special
bibliographies.

TECHNOLOGY UTILIZATION
PUBLICATIONS: Information on technology
used by NASA that may be of particular
interest in commercial and other non-aerospace
applications. Publications include Tech Briefs,
Technology Utilization Reports and
Technology Surveys.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE

NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION

Washington, D.C. 20546



