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Nomenclature

subscript represents aileron mode
accelerometer signal
control iaw matrices

semi-sban of the wing'

aileron mode dahping (from control law)

ii element of generali:zed damping matrix

generalized damping matrax

damping factor 2 1'th mode

modal accelerom-ter deflection matrix
portion of control law used for ai1leron mode

entire control law

portion of control ‘law not used for aileron meode

identity matrix
~-2duced frequer

il aran rode stlffoess TfooTm antrol law?

ii element of generalized stiffness matrisx

generalized stiffness matriax

generalized force matrix

generalized force matrix in Laplace form
mass of the ailaron

ii element of generalized mass matrix
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m ij element of generalized mass matrix
ij :

it
b« 4

generalized mass matrix

g b,

P1,P2, matrices representing aerodynamic influence

i - P3,R0  coeficients

;f P1',P2', nondimensional matrices representing aerodynamic
¢
EE P3*',R0° influence coefficients
» q ' dynamic pressutg
Q(s) aetodynamicAinfluence coefficient matrix in

Laplacwe form
Qs> nondimensional aerodynamic influence

coefticient matrices in Laplace form

ri(x,y) deflection at point (X,y) for the i1‘'th mode

: ril leading edge deflection of ailercen for i°'th mode

E rit trailing edge deflection of aileron for i'th mode
rk modal deflection at accelerometer locatien

;- u, i'th mode displacement vector

" 1

; ui' first derivative of i°'th mode displacement vector

2

g ui" second derivative of i‘'th mode displacement vector
u displacement vector matrix
U first derivative of displacement vector matrix

; 1A second derivative of displacement vector matrix

PR

-

free stream velocity

TR

2 W frequency of oscillation

i wi natural frequency of i'th vibration mode
Y5 i‘th control law state vector
Y control law state vector matrix
X generalized force state vector matrix

P(x,y) density of aircraft at point (x,y)

vi
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_ OF POOR QUALITY

CHAPTER : :
INTRODLCTION

Thé ablility ¢c predict the Vaeroelastit réspdnse of

aircraft wings 1s of increasing importance as attempts are:

made to reduce the weight of aircraft wings. - One of the

methods presently béing explored to reduce weight'is‘the use
of a flutter suppression system (FSS) to reduce the required

structural st:tfness of the wing. The wing must be stiff

enough to remain vibrationallyistable (positive damping)
thrﬁughout ~ wrz  flight envelope. - If{-thé wing ié.'not
vibratiohallv>%1able..xt will ?lutter and poésibly cause ﬁhe
loss ofvthe atreradt, o |

This naper explains a method for predicting the

vibrationai: stability of an aircraft with an analog active
aileron F3S. Active aileron refers to the use of an active

control sycoctea tonnected to the aileron to damp vibrations.

Wing vit- ations  are sensed by acceleraometers and the
informati1s- 1= used to deflect the aileron. Aerodynamic
faorces caused by the aileron deflection oppeocse wing

vibrations and effectively add additional damping to the
system. |

An assumed mode vibrational analysis approach 1is used
with additional termé added to include the unsteady
aerodynamics of a vibrating wing and the control -system
feedback. The assumed modesvused are the actual vibration
modes of the airsratt plus an aileron mode. The unsteady
aerodynamic affecits, modeled by the third order pade

approximation method suggested by Edwards in the paper

¢ i



ORIGINAL PACE IS
OF POOR QUALITY
“ppplications of Laplace Transform Methods to Airfoil Motion
and. Stability Calculations”, are used. as the lfcrcing
4unttioﬁs for the vibration.
A computer p?ogram called “SAFSS" was written to

determine the vibrationél stability of an aircraft wing

gsing the method described above. The input information

needed to use 'SAFSSY :oﬁsists of: the natural frequencies

of vibration, the generalized mass for each mode, the

genefalizéd torce matrices for the mach number of interest,

the control !aw matrices and the aileron deflettiﬁns for

each mode. 'SAFSS" produces'a root locus plot from a CalComp
- _plotter and a listing of the frecuencies and damping.

A.comparxeon between prédicted and flight test data +for

the DAST ARW-1 vehicle is made. DAST stands for drones for
aerodynamic and structural testing. ARKW-1 stands for
aercelastic vesearch wing number one. The DAST ARW-1 18 a

modifred Firebee 1] target drone fuselage mated to the ARW-1
widq (see taigqure 1). ARW-1 :¢ .. csupercritical, sweptbact.,
transport—-type wing with an aspect ratio of &.8 and &
performance design point of mach 0.98 at 45,000 feet. The
ARW-1 wing is'designed ta be su;ceptible to flutter and 1s
equipped with an éctive aileron flutter suppression system

(FSS) .
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CHAPTER 2
VISRATION MODEL OF WING IN STILL AIR

Since fluvter i: a vibration problem, it would seem to

be a reasonable¢ idea to start with a basic vibrational approach

and work up tc the harder aspects one at a time. This section

B e T Y

will review the basiq equations of the “assumed modes" methed
(sometimes called Rayleigh-Ritz method) used to solved vibfation
problems.
An aircrarft wing can be treated as a normal beam if no air
is flowing over 1t. Because the aircraft is symmetrical, two

types of vibration are possible: the symmetric case where both

wings vibrate 180 degrees out of phase. The symmetric and
asymmetric vibrations do hot couple with eachother so two separate
analyses will oe run. The equations used to determine the
frequencies and damping of the system arc identical so nc dist-
inction is made bLetween the symmetric and asymmetric cases.

Using the orthogonal normal modes (vibration modes) of the
‘wing and generalized terms, each vibration mode can be writteﬁ
as a function of one variable and it's derivatives. The equations
of motion are represented by

(m.,}) *u_ ' + (b,) % u,* +(k, ) *u, =20
i i i i i i

where "mi is the generalized mass, "bi" is the generalized
damping, "ki" is the generalized stiffness with "!" represent

the i'th mode. Using the matrix notion:

W
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id}T ul‘\ ‘ B (1 ={m, 0 0 . .
v i ' o
} 2 | 0 m, 0
(US f\. 0] 0 m3. .
Y
v 0 00 0 O
LS R
(Bl=[b, 0 0 . . 0 S IKI= kg0 0 . .
0 b,0 . 0 0 kK, 0 . .
0 0 b, . 0 0 0 k. .
. 3
Y N
0 000 0 b _ "o o 0 0 0

the vibration equations can be written as one matrix equation
I3+ 1B v = [KIQH= 0

Using the fact that (U’ is equal fo U'), and reordering the above

équation, the vibration equations can be uniitenvas:

N 3 ~
= 0 I U ;

—t

[

<
1

(=}
3
[ e
i

-k -Bj({U"’

The left side of tﬁe above equations can be simplified by
multyplying by the inverse of the left hand square matrix.

The inverse is

‘ o, e e, e B et T eT——




, : t
Since C[M] is a diagonal matrix, M1 is a diagonal matrix

with terms equal to the inverse of the terms in [MI.

'_ ! 'F . . 1
m 0 . . O = {i/m o . . o
1 1
om . . O o - i/m. . ) )
2 2
- - - o 0 - L ] ' * L3 N 0
e .« .« . O . . . . O
0O 0 O Om 0 0 0 0 1/m
! n L : n

Hultiplying both sides by the inverse solves the equations

for-the derivatives of "U".

u* ) 1 Ut
= -1 __1 :I
u -M K -M BllU",

Recause beoth M) and [K] are diagonal matrices, their

product will also be a diagonal matrix.

-1 -
M2 (RY =}k /m C© ¢ . . 0O _1
: 11
(o] b /m O - . Q
o 0 L /m . . 0
. o - . . 0
. . . . . 0O
0O Q Q 0O k /m
L n n
-1
The same statement holds true for the product of (V] and
CR].
S
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gM1 (Bl =1}!b /m O O .« o« ©
1 1
0 b /m O . « 0
2 2
QO < b /m . - O
S 3

- L4 L2 o Ld o

- . . s o .0

0 0 0o 0 0 b /m

b _ o B

Twa relationshipsithat are helpful in solving vibration

problems are

. /m = w X%2
i i i
b /m = 2%d Xw
i 1 i i
where "w " is the natural frequency and "d " is the damping
i i

factor. Substituting these relationships into the matricés

-1 _ .
tM1 K1 = [w xx2 © o .. a 3
1
(8] w ¥X2 QO . -
G O w XX2 . . 0
3 ] ) .. 0
] ) ) . . 0
) 0 0 0O 0 w ¥¥2
n
"~ C
.—1 _
[M1 €21 = [2%d *xw O ) . . o ]
11
0 2%d kw O . . a
2 2
o 0 o%d Kkw . . O
T 3
. . . . . 0
] . ) . . ©
) o o o 0 2%d Xw
L n n




The natural frequency for a structure can be obtained from

any program_ that does vibrational analysis such as *NASiRAN" or

from a ground vibration test {a test in which the structuse is

shaken). Damping factors are harder to come by theoretically

so a value isvusually assumed. Tire wing pr 1ides only a small

amount of damping so a sma2ll value, such as 0.0N5, can be assumcd.




CHAPTER 3
AEROLYNAMIC INFLUENCE COEFFICIENTS

The oscillatory motion of an aircraft QSng in flipght will produce
oscillatory forces on the wing. As the wing cscillateS up and dowun,
the deflection and its derivatives causc an effective angle of attéck
which changes the lifting forces on the wing. Likéuise. as the wing
oscillates torsionally, the changes in pitch an& its derivatives will
produce changés in the life.

The oscillation of the lift on the wing .acts as a farcing function
to the wing vibration and must be included in the vibration equations.
The ii1ft can be included in the following maanet

M} XU.'E + [B] iU'g + ‘K}\?‘Ii - E’Li)

~ g o x < >
wheve LR represents the oscillatory aerodynamic loads {(generalized

tovcesi. The aerodynamic loads can bhe defined in the laplace form to

L(s?  =q = [QCs)] = Ul

where “q" is the dynamic pressure and {Q(s)] represents the aervodynamic
influcnce coefticients.

The {Q(s)] matrix is determined by curve €itting the aeredynanmic
influence coefficients (AICs) calculated at several vibrational freguencies.
AICs for several reduced frequencies can be calculated by using a doublet

lattice routine or some other unsteady aerodynamics routine. The

Ty Sz e e s
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AICs avre a function of the reduced frequency and the mach numbder.” The

‘reduced frequency (k) is defined as
k= (b ¥wi/v

where "b™ is the seéi-span. "w" is the frequency of oséillati§n and “v"
is the {ree stream velocity. A nondimensional form of [Q(s)} can be
assumed to he
o =1 : 2
LQls™yy = (o7t < {ROTD s ([P1*1(s*) + [P2°]s™ + [F3° D)
where lPI;}. P21, IP* | and {(RO'] are constants deiermined by per-
forming a least ;quares curve firt on the AICs calculated at the

different reduced f{reyuencies.. The "s'™ is used to indicate a function

" of reduced frequency instead of oscillatory frequency.

Rewriting this ejuation as a function of the oscillation frequency

resulls in

H
i

nd
FQUs ] ® sItbév = [ROT .Y = ([P1'j{s®bfv) = [P2°)s®bfv + [pi* D)

Multiplying {Q(s)] by U and labeling the productsx§

$X= 1) iy

The above equations can be rewritten by substitutins in for [Q(s)] and

rearranging

. _ 5
(sI + [RO* J*v/b) fx%_: ([P1'](s) = bfv + [P2']s + [P3°] & wfb) §U§

for the ease of writing and to agree with the nomenclature used by cther
authors the following notation will be used:

9
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v/bRLRO® 1

~
P
<.
-
]

(P1] = b/sveiP1™]

P22

~
R
I
—
]

(P31 = v/bi(P3™]

-

Note that (P11, (P21, [P3] and [ROJ must be recalculated for
each different mach_numbe?s Using the ache notion and

taking the previous equation ocut of Laplace form,

CrIdx™ - tP1I{U* 3 =LROI{X> + CP3IICUL + LP2ILU™}

Remembering that
Ml (U "2 + [RY (U3 + [KNY U

and

rn
>
[

)y = g ¥

the vibrat:icn ecuaticns can bhe written as

I ¢ ol u ) 1 0 u
a M ol u - =l-x - gqI |Ju’
o -F1 IJ X* P P2 -ROJUX

Taking the inverse aof the left hand side

-1
I O o] I Q <
-1
g ] < = Q M O
-1
Q -P1 I 0 P1iM 1

and multiplying both sides by the inverse

10
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/e 1 o o Io 1o |(u)
Uy =jo ™ 0 -K -B ql [{4u’
2 x'j o) Pun—1 . I P3 P2 -RO X
4
the vibration equations can be written as

y’ 0 I Qa ; u

- -1 ‘ -1 L -1
Ul = | -M sk -M B M 2q qd
-1 -1 -1

X’ P3I-PitM 2K P2~-PitM 2B ~RO+P12M g X

The above equation can be used to solve for the
frequency and damping of the open loop aircraft wing

vibration.

11
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CHAPTER 4
CONTROL LAW.
Al though the procedure for putting 5 control law into
m;trix form is fairly standard, a few steps caﬁ be‘téken to

simplify the solution of  the vibration equations. In

Vadditicn; part of the contrcl law must be used elsewhere in

the énalysis &see-chapter s).

A control law is defiﬁed'as the égtput of a -sygtem
divided by the input cf a system. rThe.input.signal for this
analysis is an eccelerometer signal and the ocutput is itﬁe
deflection of the aileron. The numerator and denominator of
the contrgl law are gensrally written as'the 'product of
several first and second order Laplacé palynomials (sée
figure 6). Part of the control law, a second order

polynomial from the denominator and & constant from the

numerator
2 _
gi{s) = k / (8 <+ c¥%xs + k!
where “k". and "c" are constants, must be used for the
aileron vibration mode (see chapter 9). The entire control

law is equal to the product of its parts so
G(s) = G (s) % gl(s)

where G(s} is the =2ntire control law, G (s) is the control
law without the aiieron term and q(s?) i1s the aileron term.
The portion of the control law that needs to be put

into matrix form is G’ (s). Keeping in mind that the input tec

hd : - L. . RO PSRN



e e i

™

G'(s) i; the accelerometer signal and the output is a state space vector,

the following equation can be written
G'(s' = V(s)/an(s)

where "anfbis the accelerqmeter signal and "V" is a state space vector.
Taking G'(s) out of the Laplace form and putting it into state vector
differential equation form results in the folloﬁing equation
Ty A1 ¥+ (G)fan) |
Wy - r Y
where the matrices [(A}. {G] and [H] have no unique solution but depend
on the state vectors in.
In order to keep the vibration equations as simple as possible, it
is desirable to have {G] and {H] contain as many zeros as possible. I{
the denominator.ot G'(s) is at least 3. orders larger than the numerator.
{G] and [H} can b%e constructed to each contain only one non-zere termn.
Gﬂ(s) can ue hrokcn up into the product of its second orvrder (vt
smaller) polynomials of the form
2 2
»gé(s) = (s + a*s +b) / (s + c¥*s +d)

where g;(s) is a portioen of G°(s), "a", "b", "c" and “d" are constants’

Assuming that gl'(s) is of the form
gl°(s) =1/ (s +4d)

and 32‘(3) is of the form

e e e . e+ v



e

2
gz‘(s) =1/ (s + c*s +d)
{G]) and [H] can be forced to have a minimum of terms. By assigning the
state vectorsi}ito be the unlabeled inputs and outputs to each portion

of the control law

"

gl'(s} yll an
8,"(s) =y,/y,

the following eyuations can be written

yl = d*y' + an

d'.':.\' 2 - c'.':y 3

Note that the accelerometer signal, "an"™ is used only once, meaning that

{G] contains only one non-zero value. Assigning the state vcctorsiYgin

this manner also causes {Hi to contain only one non-zerc value.

TR
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e Sy
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CHA?TER 5
INCLUDING CONTROL LAW IN VIBRATION EQUATIONS
?he movement ot theéileron will havg two éfféct; onvthe'vibration
equations. The first wili be the addition of ‘a2 mode shape (the aileron
mode) and the calculation of AICs for the mode. The second will be'the
introduction of nondiagoﬁal terms to (M} due to the addition.of non-
orthogonal aileron mode. |
In order Lo.ipciude the aileron as a vibré;ion.modé{ terms for_thé

genetalized‘&ass, generalized stiffness, and qampinr term must be used.
In the previous chapter the control law was divided ubrxnto two parts

Glsd = G'(s) = gls)
where G'(s) was put 1nto state vector differential %orm and¢ g(s) was of
ihe form

pis, r" (s + ba"" s + kg)
A< st#tud 1 The fant cnaptéx the output ot G'(s) is EVI. Since the output
! plsiis e anieron detlection, the follcving equation must be truc

st “d»:v “ : .

where u is the aileron deflection. Substituting for g(s), to obtain

K ﬁiyg; G "' 4o FTu +kFay
a a a a a a

15




Solving the above equation for fu

u "' = -k*u-b®u'+k*V
a a a a a a

The vibration mode for the aileron can than be defined as having a

" generalized mass of 1.0, a generalized stiffness of ka, and a

generalized damping tegm of ba.

The input tc the control law was described in the previous
chapter as he signal from the accelerometer. The accelerometer
signal is the acceieration at the accelerometer location. Since
the vibration model is based on superposition, the acceleration
at any point. due te¢ the k°th vibration mode, is equal to the
acceleration state vector for the k‘tﬁ vibration mode multiplied
by.the deflection k'th mode shape at that point. Therefore,

an = Zrk * uk"
where ®an" is the accelerometer signal, "uk"" is the acceleration‘

of the k'th vibration mode and “"r " is the deflection at the

acceleromete: locaticn for the k°th mode shape. Ewpressing "an
in matrix n»>tation

-Zan’S B il_"g
where [D] is a row matrix containing the modal vibration deflections

at the accelerometer location.

16
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A conversion factor wmay be needed between the units of the
analysis and the units of the control law. If the control law is
designed to convert a signal from g's (acceleration of gravity)
to degrees deflection of the aileron, and the units being used in
the'analysis are inches and seconds, a conversion between the
model and the real system must be made. Using the above example,
the control law would have the units

G(s) = ADL fdegrees) / an (gravities),
and the analysis would require the units:

G(s) - ua (modal deflection) % ¢ / an (in/secz)
where G(s) is the control law, "AD" is the aileroﬁ deflecticn,

Tyl

"u" is the state space notation for the aileron mode and *c
) 2
is the conversion factor. The conversion from g's to in/sec
is simply
o 2 2

1 g = (32.2 ft/sec®) = (12 infft) = 368.4 in/sec
and assuming that a 10 degrec deflection ofthe aileron is
equivalent to the aileron mode

1 degree = 1710 deflection mode

Therefore, the conversion factor is determined to be

¢ = (1/368.4) * (1/10)

17
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The equations reiéted to the éileron mode and control law are
w3 (9 (010R
3= (4% |
farg = (Ds5ur -3 :
te- _ * - 3 . ‘_ [ '3 $1 ]
u k *u b *u '+ Ra‘ c *ifz

-a a a -~ a a
Combining the above equations, the following state vector equations

can be obtained; .
$¥°3= (A13YZ+ [61IDITU" 3
uot-.-k'.‘.‘u—b*u'.pk*c*[ﬂ]-iyzl

.a 2 a a a a » . ‘
The aileron mode is not orthogonal to the other vibration moudes so

nondiagonal terms will be introduced into {M] andfor [K]. In the case
being examined here. there is no coupling between modes in {Kj but there
is coupling in [M]. The terms in [M] are defined as

m . = )/fri (x,y) = r, (x,y) *=P(x,y) ex dy

ij.

where "m, .
13

"rj" are deflections at the point (x,y) due tc the i'th and j'th mode

is the element ij of the generalized mass matrix “ri“ and

shapes, and "7’" is the density of the w%ng at point (x,yv}. Because

the deflection of the aileron mode is zeio evefywhego excep; the aileroun.

the integr;l will only be non-zere over the ailéron. Assuming the aileron
. is rectangular and has a constant mass distribution, the generalized mass

terms due to the aileron mode are

18
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m =-m*r *(r [3+(c -1r )2)
ia at il il it
is the generalized mass Qf i'th row and the column rep-

Where "m "
ia

reseﬁting the aileron que; “m" is the mass of the aileron; "rét" is the

deflection of the trailing edge of the ajleron for the aileron mode shape; .

“til“_is the deflection of leading edge of the aileron fof the .i'th mode

shape; and "r.t" is the deflection of the trailing édgé of the aileron
. i : .

for the i'th mode shape. Assuming that the aileron mode is placed last,

[M] would then be written as

Ml =fm 0 0 . . 0 m

1 . 1a
|0 m 0 ° ° 0 m
i 2 T 2a
0 0 m . . O m
3 2a

0 0 0 . . mm

O ¢ 0o . . 0 1.

Putting the problem into state vector differential notation

I 0o o o:/ v =To 1 0 0o jspn
; . i
!o M 0 0. y -k -B qI k egl|)y/
I : a K
0 -P1 I 0! j x* 'P3 P2 RO O / X,
]
{0 -GD 0 I } Y {0 0 o0 A Y \
L. _J { J‘\ J
L .

The inverse of the square matrix on the left is

19



_ —1 _ -
I ) ) 0| = I o ) 0
R |
) M 0 0 0 M ) )
-1
0 -P1 1 o ) P1M I 0
o -GD © 1] 0 - @M o 1]

Multipling bcth sides by the inverse and simplifying

ury = 0 ‘ I ) )
-1 -1 -1 -1
Ut -M K -M B M q M  kacH
- -1 -1 -1 -1
X° P3-PIM K P2-PIM B -RO+PIM q PIM kacH
-1 -1 - -1 _ -1
% -GDM K -GDM B GDM. q A+GDM  k cH
-1 -1

Because of the aileron mede, the M K1, {4 Bl and
-1
M ql are no longer diagonal. Assuming that the aileron

mode is placed last

"1 — -
M K = b /m Q (o] - - kK ¥m /m
1 1 a la !
O k /m Q - . k ®m /m
2 2 a 2a 2
0 Q k /m - - k &m /m
3 3 & 3a 3
i ] o) o . . K
L a o
-1 _ -
M B = b /m Q ) - . b *m /m
1 1 . a la 1
9] b /m 0 . - b ¥m /m
2 2 a 2a 2
0 o] b /m . . b ®m /m
3 3 a 3a 3
O (o] O . . b
e N 3 -




&
_1 _ ‘
M q = G/m 0 o . . O 0]
5
-0 q/m -0 . . &) ¢
. _ )
! O q/m . . Q (s}
- P . . . . . o
i
:, O (3] . . q/m )
| . ; n
f o O "0 . . 0 . 0
1 N B i
Thie (s the form of the vibration equations that wiil
ue used = sglv for the frequéhcy and _dampxng_ cf an
arrgratt .
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CHAPTER 6
ANALYSIS OF DAST ARHW-}

" The computer preogram “SAFSS" (Stability Analysis of Flutter
Suppression Systewms) was written to implemént the analysis approach
ﬁresenied in chapters .2-5 (;ee figures 2 and 3). The input information
to "SAFSS" consists ot the generalized force matrices, the controlllaw
matrices, the genceralized mass, natural frequency, and the aileron
deflections for vach mode. In order to obtain the input iﬁformation.
other computel! proprams were used.

The finite olement analysis portion of the computer program “NASTRAN™
and an input tilv provided by NASA Langley were uscd te calculate the
firs: ten natuial f{requencies and moede shapes of the DAST ARW-1. TheA
aileron mode shape was then substituted for one of the rigid hodv modes
calculated b "NASTRAXN". The mode shapes were then input to¢ the doublan
Tattice  portion -0 UNASTRAN™ and used to caleulate the corodviienie

tnfluence coetfivicnis S AICS) at fifteen veduced trequencivs isee fipwy

TG The pade apurexsmate curve fitting routine “QUEFIT™ used the Alt:

at- the reduced treguencies to calculate the generalized force matrices
{see figure 5).

The control law fcr the third test flight of DAST ARW-1 was obrained
trom NASA Langley and is shown iﬁ figure 6. The portion of the control
law used for the aileron mode was ‘

2 2 2
g(s) = (1256.63 f (s = 502.7s + (1256.6) )
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Therefore; the aileron mode had a hatural frequency of

 1256.6 hertz and i damping factor of G.2. The remaining

terms of the control law were put into matrices. by the

program “CONTRL*. _ .

The input_file documentation'needed to use the &omputer
program  “"SAFSS" is presented in appendix B and % listing of
the program :s in appendix C. A sample input file for the
DAST ARW-1 symmetric. .825 mach number, 15,000 feet altitude
case i1¢ presented in appendi: D.. fhé outéut for the \sample'

case 1€ ccontarned i1n append:: E.
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CHAPTER 7
.%LIGHT TEST DATA‘

Data from the thard test flight of the DAST ABH—] test vehicle uas.
collected by the NASA Dryden Flight Tgst Research denterf The DAST was
launched from a B-5Z aircraft and remotel} pilo£ed to an altitudé of
15,000 fr. Testing was pertormed.at the following mach numbers; 0.70,
0.75, 0.775, ©.3C and 0.825.

. The wing was viprationally excited at each mach numbetito determine
the vibrational <rabitity. Excitation of the wing waé producvd.by
oscillating th. ailwton in a continous fregquency sweep from 1V to 40 hervt:o.
Excitation sweeps were performed with tho flutter suppression systen
{FSS) on and/or utf(depending on the predicted stability 2t the test
point)} for both symmetiric and asymmetric cases. |

The FSY used for the DAST ARW-1 is active aileron control which
operaion 11, the toilowyng manner. Electrical signals from tour accel-
crometers (twe lovated in the fuselage and one in each wing) are sent t
a componsatat ., the campensator separates the symm?etrir, asvmmetric, anag
rigid body moutions then sipnals the actuators to hydraulically move the
ailerons. A time history of the accelerometer signals is used to cal-
culate the frequencies of vibration and damping factors.

Because of an etror it the implementation of the control law. the
Fgs was operated at one-haltf of the designed gain. This ervor caused

test data for a gain factor

24
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of one-half tao be compared with predictiens for ‘a gain
factor of one. As a result, the DAST ARW-1 with the FSS on
entered a flutter region near mach 0.825 at 15,000 ft. and

was lost.

bt =
-t
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CHAPTER 8
RESULTS
'Thevﬁatura} Erequencies for the syﬁmetric case §f bAST ARW-1 obtainéd
from the program “NASTRAN" and from a ground vibrations test (GVT), are
presented in Table i. For the frequency range of interest (10—40 hértz),
the predicted and actual frequencies agree to within 0.5 hértz. The
first wing bending mode is of special importance beééusé the aircraft.
fluttered in that mode. “NASTRAN® predicted the first_bénding mode to
have a natural frequency of 9.1 hertz. The actual vélue was 2.6 hertz.
The mode shapes and natural ffequency were used to calculate .the
generalized force matrices therefore a-SZ error could 5e considered
I&rge.'
The data taken at mach 0.755 is bélieved to be unreliable because
the wing showed uninitiated oscillations, possiblc due to atmospheric
turbulence, The FS§ {flutter suppression system) was left on for '

velocities of mach 0.755 ond above. The FSS off data for machAG;755 and

-above was calculated from FSS on information. bDue to an error in the

implementation of the control law, the FSS on condition was-operating at
one-half the desired gain (K=.5) for the test flight.

Table 2 shows tﬁe relationship between the predicted and experimental
vibrational frequencies with the FSS offand Table 3 sﬁows the relationship
with the FSS on. The average error in frequency for the FSS off condition

is 5% while the error for the FSS on condition is 8%. -
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The FSSiincreased thé.vibrational frequency from 13.91 hertz to 19.93
hertz. The analysis predicted the effect of the FSS quite well as an
increaée from 14.54 to 21.58 hertz.

A graph of root locus-versus mach number for the 15,000 ft. altitude

case for the'first wing bending mode is shown in Figure 7. Three gain

factors are plotted: full gain (K=1, the designed gain factor), half

gain (K=.S, tne actual Fs§ on gain) and no gain (K=0, the FSS off gain).
Thé root locus plot is interpreted by noting that as the real term
appr§aches the imaginary axis from the'negative real side, the system‘
become§ less stable. As the inaginary axis is crossed from the negative
real to the positive real, the system goes from stable (no flutter) to
unstable (flutter). The experimental results are shouwn to be con;istently
less damped‘and of a lower frequency than the predicted values. Trends
seem to be predicted well, however more data is needecto draw any conclusions.
The predictions presented here are not the ocutcome of a2 single
analysis, but rély on finite element, unsteady aerodynamics and ribrationa!
ana}yéis waich tend to reduce the accuracy. The small difference which
resultea can be caused by the inaccuracy (5%) of the finite element

analysis alone.
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CHAPTER 8

 CONCLUSIONS
A method for analysis of an active aileron control
‘flutter suppression system has been ekplained and compared
with flight data. The methecd was sh;wn to produce reasonable
results but relies heavily on finite element and unsteady
aerodynamic analysis. The ablility of the finite element
routine to match the mode shapes and natural frequeﬁcies of
the grouhd vibration test will have a large affect on {ha

accuracy ﬁf the flutter analysis.

Future work in  this area will Vmoveb toward digital
ingtead of analog control systems. Digital systems will

reduce space and weight requirements a&as well as  make

possible the use of dynamic control laws.
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TABLE 1

NATURAL FREQUENCIES OF VIBRRATION ﬁODES PREDICTED BY NASTRAN

AND MEASURED DURING GROUND VIBRATION TEST

‘Mode _ frequency (hertz)
V NASTRAN : GVT
First wing bending . 9.1 ?.6
- First fuselage bending 16.5 16.2 i
" Wing bending-tarsion - 29.6 29.1
TABLE 2

VIBRATIONAL FREQUENCIES OF FIRST WING EENDING MODE
FREDICTED EY SAFSS AND OBTAINED FROM FLIGHT TESTS

FOR FSS OFF AT 135000 FT.

' Mach Number i Fréégency (hertz; 3
SAFSS Flight Test
.73 i 13.24 ' 12.25
.80 . f 15.54 ; 13.91 1
i S P ;
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TABLE T A
VIBRATIONAL FREQUENCY OF FIRST WING BENDING MODE
PREDICTED BY SAFSS AND OBTAINED FROM FLIGHT TEST

FOR FSS ON AT 135000 FT.

-

Mach Number Frequency (hertz)
SAFSS Flight Test
.80 ' 21.58 19.93
.828 21.7¢ 20.

Wing Span: 14.35 ft.
Rirfail: Supercritical

Aspect Ratio: 4.8 Azcelerometer

FSS Control Surfangix

Fiqure 1. DAST ARW-1 planfcrm
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Figure 2. Flow Diagram of Program "SAFSSY
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(738) (225¢) 5 (8% + 76,785 + (295.3)%) (5% + 1208 + (306)%) (&% + 1005 + (71)%)

(s +2) (5 +295.3)% (s + 1500)% (3% « 2608 + (2)%) (5% + 100s + (58)%) (8% + 100s + (112)%)

® c(s) =

} (8 + 1008 + (168)%) (295.3)% (1256.6)%

(5% + 76,780 + (295.3)%) (5% + 589.4a + (139.8)%) (s + 502,75 + (1256.6)%)

Plgure 6, " Control lLaw for DAST AF V-1 Flight Test 3,
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APPENDIX B
This apéendix contains a description of the input file for the
- computer program “SAFSS™ (Stability Analysis of Flutter Suppression
System). This pregram is designed to use the outpﬁt of an aerodynamic
influence coefficient éurve fitting routine has outlined by Edwafds in
“Applications of Laplace Transforﬁ Methods to Airfoil Motion and Stability
Calculations”™.

The’input.information includes the aerodynamics, the cbntrol law, and-
information about each mode, such generalized mass, frequency 6f
oscillation in stili air and physical information about the wing. The
input is grouped into four blocks. The first block contains information
about the analysis options and the size of the problem. The second has
all the ianformation about the control law. The third block contains all
the aerodynamic matrices and mach number. The last block containé the
wing vibration and mode shape intformation.

The term “carc™ means that all the intormation is contained on one
card. The ‘term “card sct™ will refer to a group of cards that contain the
stated informatiog. Card sets usually contain matrices. Matrices will
be read in by rows (first row, second vrow etc.). The last value in a
~row of a matrix will be the last value read from that card. As an example,
a ten by ten matrix to bv'input with only eight values read from each card,
will need two cards for cach row. The first card for each row will cohtain

eight values with the second card containing the

38
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last two.

Variable Name Column # Format
Description

CARD BLOCK 1 ¥ ZX¥ iRk Xy RNy deqied stk

TITLELS) 1-46 6AB
The title and/or description desired on the data cutput
and the root Iscus plot. The time and date will be supplied

by the computer.

CARD (3 mm = - e fo e e e

NCASE 1-5 IS

The number of different altitudes that calculations are

tc be performed at.

MORE -1 is
The number  of vibration modes oSeing used for the

calculations. Must include the aileron mode.

MALERN 11-15 IS5

The number of the vibration moce that contains the

aitleron mode. Usually the first or the last.

NGARINT 16-20 I3
The type of arithmetic progression desired for the gain
factor, (il=linear,2=geometric).

Example: linear (0.,.25,.5,.73,1.0,1.25,1.5)

39
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geometric (0...25,.5,1.0,2.0,&.6,8.0)
NGAINS - | 21-25 IS
The number of gain factors tovbe analyzéd.including zero. In the
example above, noth iinea:jand geomegric have 7vg;in factors.
GAINUP - 26-35  F10.6 |
The desited-value of the first gain factof aftér the pole (0.0).
Both the linear and geometric series in the abbve example have a value

«25.

- TEGVEC - 36-40 15

of

If the eigenveciars are to be printed, use the number “I". If any

other number is. tound the eigenvectofs will not Se orin#ed.
CLEK 41-56  FlG.6

The span ot the wing. It is used in the doublet lattice rocutine
tye reference-length to calculatebthe reduced frequency.. |
IPLT Csiess TS

If a reoot locus plot s ddesived. set egual to "iM.  If any cther
number is usod, no plot will Lo omatie,
YMAX | 56-6" Flu.o

The maximum frequency (rad/sec) that_is of interest. This value

used in plotting only., and does not effect the calculatiens.

40
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ALT(I) 1-80 - 8Fl10G.6
This card(s) contains the altitudes to be used in the calcuiations;

The maximum number ofaltitudes that can fit on one card is 8. If more

than 8 altitudes are desired additional cards mﬁst be used.

CARD BLOCK 2 it b b Aoty doab dhab sy s s b st b e s s sk bl s s
This set of cards is obtained from the "Contrl" program as output.
The entire block of cards is produced and order ready to be inserted into

this data card deck.

NCONTR 1-5 15

The size of the control matrix.

AC(Y.J) 1-80 4E20.13
This set of cards contains the “A"™ matrix of the control law. It
is a square matrix with dimensions NxN, wherein the order of the control

matrix (does not include the terms used as the aileron mode).

CARD SET 6= mmmmmm oo o o oo e e

GC(I.1) 1-80 4E20.13
This set of cards ccntains the “G" matrix of the control law. It

is a row matrix with 1xN dimensions, where N

41
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is the order of the control matrix.
CARD SET 7imwrmmer e m e c e c et et c e mctm e ;e c e m - ————————

HC(1.J) 1-80 4E20.13

This set of cards contains the "H™ ﬁatrix of the control law. ft
is a column matrix with Nxl diminsions, where N is the.ofder of the control
matrix. |
CARD BLOCK 3 : s tsdriidr i 2eor i frdodr et dededrdfinb e dodrde iAo b e e daieat e

This block of cards contains the Pi*, P2°, P3', and RO' matrices
as described by Edwards (ref. l, 2, 3 and 4). This block of cards is
designed to be used as a unit. There is no need to separate the infor-

mation in this bleck at any time.

MACH 1-10 F10.6
The mach rnumber at which the calculations of the unsteady acrc-
dynamics were performed at are included here. The unsteady acrodvhnanic

data is only valic for one Mach number.

ISYM 1-5 LS

This states whether the analysis is for a symmetric or assymetric
case, where "T" is for the symmetric and "F" is for the asymmetric case.
These parameters have no effect on the problem, but does label the type

of problem being solved.

CARD SET: == m o o e e o e e e o e
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PI(K,L) - 1-80 - - 4E20.13
"This set of cards contain the P1' matrix. This matcix is square of
dimension MxM, where M is the ﬁumber of mode shapes. One card is needed

for every 8 elements in a row and there are M rows.

CARD SET 11:-A-—-—;--—-'—-—----_--------’-----_--——-‘-—"-—-'—V---
P2(X,L) . 1-80  4E20.13
Same as card set 10 except that it is the P2* matrix
CARD SET 12:=m=rmememomomooocmomeens .;---j--------—-.-—-—-—_ ----- B
v P3('K,L). 1-80 | . 4E20.13 | "

Same as carc¢ ser 10 except that it is the P3* matrix.

CARD SET 13 === mmm e mmm e oo e e ————————————e
. RO(K, L) | 180 4E20.13
f%i {; Same as éard set 10 except that it is the RO ﬁatrix.
«’J./%§ CARb BLOCK 4 §******************ﬁ************¢*¢****************§****g*
B L . : .
, ;é This card block contains the bhysical characteristics of the wing
B ‘:; and should remain the same throughout the analysis.
f; . CARD SET 14t-mme oo o e e e e e e e e o
r;‘- ’ OMEGA(1) 1-80  8F10.6
) i This card coniains-the vibrational frequency ofveach mode shépe.

It is .important that the order of the mode shapes is the same as the

order for the doublet lattice routine. The frequency
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for the-aileron mode is obtained from the 2°nd order term of the control

law and was net input in the “Control" program.

. ZETA(I) - -1-80

This ¢ard contains the damping factor
modal damping term for the aileron mode is
term of the control law that was not input
The modal dampiﬁg term for the other modes

fore, a small value of approximately .005,

CARD SET 163--- = moccmmmmmmmmmmmmcmcocoon

GMASS(I) 1-80

8F10.6

for each vibration mode. The_

obtained from.the 2*nd order
iﬁto the "Control® pfogram.
were hérq to obtain there-
was assumed.

8F10.6

This card contains the generalized mass terms for each mode. The

value for the generalized mass term o7 the

aileron has a value of

1.0000. If the user does not set the aileron term to 1.0000, the program

will do so.

CARD SET 17%-mmmmmmmmmmcm s ccmm e e

DEFLECT(L) 1-80

The deflection of the wing at the accelerometer location for each

mode shape. The deflection for the aileron mode should be zero.
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XMD ' : © o 1-10 _ F10.6

The mass of the aileron in consistent units. If the problem has
been done in units of inches, seconds, and pounds (as is usually the case)
the mass should be of such units as to bevconsistent with the rest of the
problem. The consistent units for the above example.are the mass of the
aileron ih slugs divided by 12 in/ft. The program does not do tﬁis type
of conversion so that other system of units can be used. v
CONVFT 31-40 ,-F10.6

This c&rd contains the conversion factor for the units of the input
and output of the control law used in this analysis. If the control law
input is in g's ¢gravities) and the analysis ig in inches and seconds a
conversion must ce made. Likewise, the output of the control law output
may be in degrees and the mode shape deflection may be one inch. Forv
this example, the input portion of the conversion is (1lg)/(32.2 ft/secz*lz
in/ft). The output portion would be (1 degree)/(the angie due tc the one
inch deflectiori;. The proper conversion is obtained by multiplying the
two terms.
CARD SET 19:-—»»-——--—-————~——-——-——-—;——--—-——-—--——-4-—-—--—-~-j-—-—

The infotmation below is required for each mode shape. The aileron
mode will have a hinge line deflection of zero. Each card contains the

information for one mode.
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PHI(I) . 1-10 | F10.6

- The average deflection at leading edge of the aileron.

SIG(I) ‘ 21-22 Fi10.6
‘The average deflection at the trailing edge of the

‘ailsron.

46




Ly

«554YS. WUYI0Md 40 SNILSIT

3 XIANIdy

i s

s




1
{
i

8y

CconNONoODoOnNoOoooOnNnNOOnNoNnNoOnNLonNnn

#DECK SAFSS

PROGRAM MAIN (INPUT,OQUTPUT, TAPE1=INPUT, TAPEG=0UTPUT)
CHAAREAAARAAARRARRFDREARRRAR AR RSN BN B AR AR BB R R AR R ARRARRBRRRNR R DR AR NS
¢ .

C PROGRAM SAFSS (STABILITY ANALYSIS OF FLUTTER SUPPRESSION SYSTEM)
>

C'X**ﬁ'**#%*%******ﬁ*i***ﬁ%‘l*****i**&*)‘lu**##%#**ﬁ*#*%*****'ﬂﬂ%*****i{**'I}

THIS PROGRAM PUTS TOGETHER AND SOLVES THE MATRIX REPRESENTING THE
HING MOTION AND THE CONTOL LAKW.

THE PROGRAM IS SETUP TO TAKE THE CONTROL LAW MATRICES, THE
GENERALIZED FORCE MATRICES FOR A GIVEN MACH #,

THE MODAL FREQUENCIES, THE GENERALIZED MABS AT EACH MODE, THE
DEFLECTION AT THE ACCELOROMETER OF EACH MODE. THE AVERAGE DEFLECT-
ION OF THE AILERON AT THE LEADING AND TRAILING EDGE FOR EACH MQDE,
AND THE MASS OF THE AILERON AND QUTPUT A ROOT LOCUS

PLAT OF THE FREQUENCIES OF UIBRATION FOR THE ALTITUDES OF INTEREST.

R RRAAA AR REA R DR D RARRBRRNF AR R R B AR D IR AR AR R AR RARRRADRR SRR AR RBRRRD
DESCRIPTION OF INPUT DATA

NIRRT R R RN R AR AW IR H A ORI ANt 3SR NN AR

TITLE = TITLE OF THE JOB
NCASE = NUMBER OF ALTITUDES TO BE EVALUATED
MODE = NUMBER OF VIBRATION MODE REING USED
MALERN = WHICH VIBRATION #0DE 16 THE AILERON DEFLECTION MODE
TEGVEC = DO YOU WONT THE TEGEN WECTORS PRINTED (0=NO)
- NGAINF = NHUMBRER OF GAIN FACTORS TO BRE SOLVED INCLUDING ZERO

NGAINT « TYPE OF GAIN FACTOR PROGRESSION USED
. (1-LINEAR, 2=GEOMEIRIC)
GAINUP

= FIRST GAIN FACTOR TO BE USED AFTER ZERD
ALTITI) = ALTITUDE OF (THE T°TH KOOT LOCUS PLOT
NCONTR = SI1ZE QF THE CONTROL MATRIN

“a‘
.y
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C
[
C
c
e
C
c
C
c
C
c
c
C
C
C
c
C
c
c
G

AC(1.J)
GC(1,d)
HE(I, 1)
PL(K,L)
PZ(K,L)
P3(K,L)
ROCK /L)
OMEGA(T)
ZETACI)
GHASS -
DEFLECT
¥MD
CONVFT

PHIC(T)

SIG(I)

B B W B OH % B K N R oR

[T T

n

THE "A" MATRIX OF THE COMTROL LAW

THE "G" MATRIX OF THE CONTROL LAW

THE “H" MATRIX QF THE CONTROL LAWK '

THE S##2 TERM OF THE PADE APPROXIMANT OF THE LOAD

THE S TERM OF THE PADE APPROXIMANT OF THE LOAD

THE CONSTANT TERM OF THE PADE APPROXIMANT OF THE LOAD
THE E.GENUWALUE (ERM OF THE PADE APPROMIMANT TO THE LOAD
FREGUENCIES OF THE CORRESPINDING VIBRATION MODE
DAMPING OF THE CORRESPONDING VIBRATION MODE v
GENERALIZED MASSE OF THE CORKESPONDING VIBRATION MODE
DEFLECTION AT THE ACCLLFROHrTER FOR EACH MODE

MASS OF THE AILERON

CONVERSION FACTOR BETWEEN CONTROL LAW UNXTS AND THE
UNITS USED WITH THIS PROGRANM.

AVERAGE LEFLECTION OF THE AILERON LEADING EDGE FOR
THE 1'TH MODE v .
AVEYAGE DEFLECTION OF THE AILERON TRAILING EDGE FOR
THE 1 ‘TH MODE

HRERASRRLRARS LR R AR AR ARBURURFRRBH AR R AR AR R **#***4}*ﬁ***#**ﬁ#*l’l*****ﬁ #

DIMENSION W1(11,11) H2¢11,11),W3C011,11) .

DIMENSION P1(11,11),P2(11,44),P3(i1,11},ROC11,11), UPS(!I 1),
IVRO(11.,11) OMEGAZ(11,11),88M(11,11),B(11,11),UPLHD2(11, 110,
ZVPTC1E.11), TITLE(E) ,OMEGA(L1) ,ZETA(11),GMASS(11),A(48,48), NR(4B):
SWIC48).2(11,117,23(48,48),INT(48),AL(15,15),AMTRM (33, 33),
ABMTRX(33 1), FIUTRX (1, 1), GMTRX(1,33) HMTRX(1,33), N4(33:33):
BPHIC11),S1G(11) ,REACT(11), DEFLECT(11),ALT(20),

LGCOI3, 1) HC(1, 15) L HE(1,11),WB(15,11) . W7(11,15),W8(15,11),

CHB(1T 1), WI0(1,15) HIL(11,15), WH12(15,19)

“EAD 801, (TITLE(L),121,6) '

"CALL DATE(TITLE(7))

CALL TIME(TITLE(B))

FPRINT 901,TITLE

READ 802,
. IPLT . VYHMAX '
READ 804, (ALT(1).1=1,NCASE)

NCASE, MODE,MALERN,NGA!NT,NGAINS, GATAUP, [EGUEC, CLEN,
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READ 802, HCONTR
MSIZE=MADE#I+NCONTR
MODE3=MODE#3
CALL PADJR (NCASE,MODE,HMODE3,MSIZE, MALERN  CLEN, WL, W2,4W3,
.P1,P2,P3,R0,VP3,VRO,(OMEGAZ.GBM,B,YPIH2,VP] . DMEGA,ZETA,GMASS,
CAVURIHT 2,23, SEQUEL, INT,AC, NCONTR (AMTRYE  BITRY ,FMTRY ,GHTRY , HMTR
<HE,PHI.SIG,REACT ,DEFLECT ,ALT,QC HE /W3 HB /W7 HB  HB W10 HIT . HIZ,
SNBAINT NGAINS, GAINUP, [PLT ., YMAX)

801 FORMAT(BAB)

B804 FORMATI(BF10.06)

B02 FORMAT(SIS,F10.6,15,F10.6,18,F10.6)

801 FORMAT(IHL . 104, 8A8)
EnD
SUBRDOUTINE PADJR(NCASE ,MODF ,MODE3 . MSIZE,MALERN,CLEN, W1, W2,
THIPEIP2Z,P3ROVVPI VRO, OMEGAZ, GBM . B, VPIH2,UP1, OMEGA,ZETA,
LOGMASE A WA/ WI 2,23, TEGUEC, INT,AC, NCOMNTRAMTRX .BMTRA,FMTRY . GNTRY,
HUTRN W4 PHT , SIG.REACT yDEFLECT /ALT,GC/HC s W3/ HB /W7, WB, WO, W10,
L HIZ NGAINT NGAINS, GAINUR, TPLTY, YHAX)

Cﬁ”*ﬂ*#*“ﬂ#i***ﬂ“i*iﬁi“*,ﬁﬂ"ﬁﬂ*ﬂﬁﬁ”lﬁﬂ{ﬂﬁ‘l"ﬁ”“ﬂ!”fﬁﬁ#ﬂﬂﬁﬂGﬂﬁﬁbiﬁi'ﬂﬂi"
C

¥ SUBRGUTINE PADJR

c .
Ry e Ny YA F R
[

C THIB FPROGRAM RESIZES THE ARRAYS TO FIT THE PROBLEM THEM READS

C THE INPUT INFORMATIOM AND THLH CREATS AND BOLWES THE STATE SPACE
C MATRIN, :

C
CRBNabRARENRAERSAGAN A G A ARG R A S GBRAND IR SR B ANDANBUORGARTAA RN RGNS AR D

LOGICAL IBYH

REAL MACH

DIMENSION PHI(HODE ), SIG(NONE ) JREACT(HDDE ) 1REFLECT(HODE S ,
SHICHODE  AOBEY 42 CHODE » KOBE ) o WZ (ODE , 4130E S ,

LPLABLLE MODE T, PZ2(MODE , KODE ) , PI(HODE ,MODE) , RO (MADE,MODE) ,
SYPIMONE  MOLE Y VRD(MODE , MODE Y , OHEGAR (HODE, HPDE Y  QEH(MUDE , HODE) .
LBIMODE,MADE ) (P IHZ2(MODE , HOLE) 4 P I LHBLE MODE ) »
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+OMEGA(MODE) » ZETA(MODE) ., ‘

GMASBE(HODE), A(HMSIZE, MSIZE) JHR(MSIZE) HI(MNSIZE) »Z(MODEMODE) »
LINTINBIZE) Z3(NBIZEMBIZE) (ALT(HCABE Y tAC(HCONTR (HCONTR S »
+AMTRACHODEI MODED ) JBHUTRAAMNOVES 15, FUTRA(E 13 JGMTYRY (1 ,MUDES) ,
SHHUTRA(L MODEZ) WA (MOBES3, HMODES) ,GC(HEOMTR, 15 HCCL1  HCONTR ),
JHWS5{1,MODE) SHE(NCONTR,MAODE ) , W7 (1iO0DE , NCONTR 3 s HB(NCONTR, MODE ) ,

JHI(MODE 1) ,WI00(1  NCONTR) W11 (HODE ,NCONTR? s HIZ(NCONTR . NCONTR)
CRGRAARRRAR R DN AIBAR AR D RATNEI NI THT AN AR LR NCARI RSN AR DRI RN BD RPN

C READ MATRICES REPRESENTING CONTROL LAW (FROM PROGRAM “CONTROL")
(ArB8a8c8sgatIRatnranstRassnisnce a0 d00 sttt antEdodpasidasuspnansuanssn
DO 11 I=1,NCONTR
11 READ BO1,.(ACC(CI,J),J= I,NCONTR)
READ BO1.,(GC(IR,1) +IR=1,NCONTR
READ 801, (HC(1,1IC) IC=1,NCONTR)
CRURRARRARBEIER DB ARR R RAR G AR R BB AR A A I RBAARBDAAARDI RS A ADERIRANG AR AN NGRS
c READ MACH NUMEER. READ (T/F) WHETHER SYMMETRIC OR ASYMMETRIC
" READ PADE APPROXIMATE MATRICES FOR UNSTEADY AERODYNAMICS, MATRICES
C ARE P1/.PZ27+P3’ RO’
Fﬁﬂﬂﬂﬂ#ﬂ*ﬂ&ﬂﬁﬁﬂ##aiﬁi#’iﬁﬁ#lﬁﬁ*ﬂnlﬁa#a#tﬁﬁﬂlawﬂﬂ&#i#&ﬁ#“ﬂlli’lﬁiﬂiu##
READ 80Z,MACH
READ 8O3, ISYM
Lo 12 IR=1,M0DE
READ BHll(Pl(IR;IP1¢IC~I'HODE}
12 CONTINUE
DO 12 IR=1,MODE
READ BOL1,(P2CIRVIC)  JC=1,MODE)
13 CONTINUE
DO 14 IR=1,MOLE
READ BGL1,(P3CIR, IC):IC*l:MODL;
14 CONTINUE
- b0 13 IR=1,N0DE
READ BO1,(ROCIRJIC), IC+1,MODE)

13 CONTINUE ' :
CUBanmantatatoRugicd ARAAANARBHAANHU S AP RARHARARAGHALRAR AR R A RR WA R RN
c READ NATURAL FREQUENCIES OF HING WVIBRATION, MODAL DAMPING TERNS,
C GEMERALIZED MASS TERMS, AND THE DEFLECTION OF UING AT THE
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R . oy T AU L R T T e ""."'9'@;: 4r~ﬂ»;v‘ﬂz P Capy T g R I R
C ACCELEROMETER LOCATION. S
Cﬂﬁiﬁ#i%iﬁﬁ*i{iﬁﬂ#i%ﬁﬁ#ﬂﬁ!l*l*ﬁ#ﬁ*#l*#*wi&abiaﬂhbbuiﬁldulﬁiwuﬂ’qfﬁaﬁw" ' y s
READ 802, (QOMEGA(T),1=1,MODE)
@« READ BOZ:(ZETA(I).I=1,HODE)

READ BOZ, (GMAGS(I}.,I=1,MODE)

READ BO2,(DEFLECT(1),1=1,MODE)
CRrARBLARRDANARBURBATAINRRFEE AR ARG AARB RO A AL EARR RGP IR IGRORRNT RGPy
cC READ THE MASS OF THE AILERON. THE CONVERSION FAL YR BETWEEN
c THE UNITS OF THE CONTROL LAHW AND THE UNITS OF THIS ANALYSIS.

i CABARERSANBREB AR R A A ABDBR R AR BB AR AGANA DB IR N ARG H BRI NI RBOANABRANRBH NS
READ BOZ,4MD,CONVFT ’

Cﬁﬁﬁ%ﬁﬂ#ﬁ####i#ﬂﬁ*ﬁ'ﬁ#hﬁnﬁﬁ###ﬁiﬂﬁﬁﬁ#ﬁlQMﬂ##!#ﬂﬂﬂlﬂﬁﬂﬂ’ﬁﬂi.iﬂﬂ!’ﬂ’#ﬁﬁ

s READ THE MODAL AVERAGE DEFLECTION AT THE LEADING EDGE OF

C THE AILERON AND THE AVERAGE MODAL DEFLECTION AT THE TRAILING EDGE

C OF THE AILERON FOR EACH MODE.

T R Ny N N R Ry R P R 2

Do 16 I1=1,M0O0E
16 READ B02,PHICI).SIG(L)
CHERBASAATHA LKA SR AR AR AR AR A HARN R A DA RR P AR A AR A BAARAL P RA R AU AR R BB A ANAB A B
C END OF INPUT REGION '
CRRHEBSARRLRRRDEARRARRBA R R AR AR SRR DR R A AR AN ANRAARSU AR ERRBARRRRD AR AR AR
1 PRINT INFORMATION FOR LISTING '
C#***Né*ﬂ*ﬂﬁ##ﬂ*ﬁﬂ*ﬂﬁ!*ﬂ*i**#***ﬂﬂ”l&ﬂIin*bl##i*i!*'*ﬂbi#*iﬂﬁlil#*#il
PRINT 904, ,MACH, MODE NCONTR,CLEN
PRINT 906, (ALT(I1),I=1,NCASE)
PRINT 901, (OMEGA(L),»I=1,MODE)
PRINT S02,(ZETACL), 1=1,M0DE)
PRINT 903, (GMASS(I), I=1,MGHE)
PRINT 908
PO 17 IR=1,MODE »
PRINT S907.(PL{IR,IC),IC=1,M00E)
17 CONTINUE
PRINT 909
PO 18 IR=1.MODE
PRINT QO07,(P2CIR,ICY, IC-1.1MOBE )
18 CONTINUE

Zs

LT

-



€S

PRINT 910
DO 1S IR=1,M0ODE
PRINT 907, (P3(IRJIC).IC=1,MODE)
19 CONTINUE
PRINT 911 .
P} 20 IR=1,M0DE
FRINT 907, (RO(CIRICHIIC-1,1M0DE)
20 COMTINUE
PRINT ©12
CHERBEAR AL AR AR DA AR R SRR AR DB AR DA RS REARRBARRERARE SRR AR RN R AR AR RRE NN
C START PUTTING TOGETHER THE MATRIX FOR SOLUTIONM
AR R R RN BN R AR AR AR R DA AR RS AR AR R A AR A NN B ISR I R R DB A AR DR ERNA B AB U RARRRR R RS AN
e CALCULATE EFFECT OF THE AILERON MODE ON OTHER MOUES
C (NONDIAGONAL TERMS OF THE MASS MATRIX)
CHUR AR AN RIS I BRI A AR AR DS R A AR R RN TN R R U AR A AR RN AI D RN AR A RAR AR R AN R BN RN B
SI=SIGIMALERN) ~PHI (MALERN)
DO 21 I=1,MODE
21 REACT (L) =304 STa(PHI(L/24(SIGLI-PHICTIY Y /D)
REACT(HALERM ) =1 .
GMASS (MALERNM) =1,
CAURBRURBRENHBH BB ARAFRA RSN INITALIZE PLOTTER DRBAND SDBLARDHRAARY
IF (IPLT.EQ. 1) CALL INITPLT
CHBARBHAIARAAARR AR AARABAHUBAAAA R AN LA A S DA RN RS ABRBEIRDRARP USRS AR DU D

C START OF LOOP kil ZACH ALTITUDE Chni.CULATIONS

CHARARB AR AR B A AR R AA B AR AR HRBA AR A B 2 AU UB DA AR A USRI RL PR NRRBU RS ADHDRARRBRIR

DO 500 ICASLE=1,NCASE
(lrafniamwaidsnnidntt PLOT &.719 RUABRAAADBURANLARB R AR RBAUANARY 2
IF (IPLT.EQ.1) CALL AXISPLT(ALT(NCASE) MACH , YMAX ,YMIN,

AMAX KMINCSCALE, ISYM. TITLE) )
CAanstBaAaBaRnnuntnaiatttattatdanttttattastntttttr ottt tttatnnstnnidnn
C CALCULATE DYNAMIC PRESSURE AND AIR SPEED
Crasatiass A udnasassladdtitaadtnaadginntaitsasiidbasnfdiaittnntntisanospnnasnnn

CALL QBARC (MACH,ALT(ICASE) .U,GBAR, INFLG)

PRINT 921
PRINT 922, MACH,ALY(ICASE) . GBAR, L '
CHRBERRER B DR HE AR R AA AR AU R AR B UG RO ARG R AR A AR ANDBBUNRING AR RO A BN B R RSP



B A

c CALCULATE THE P3 AND RO MATRICES FORM THE P3‘ AND RO’ MATRICES ©Y
o MULTIPLYING BY THE WELOCITY OQWER THE SEMI~SPAN. CALCULATE THE P1 -
c MATRIY BY DIVIDING THE P1‘ MATRIX BY THE WELOCITY OWER THE
C SEMI-SPAN. '
Cnﬁ#&***&*ﬂ#a##**4*%*4##%#;#¢ﬁuaauaauaua«muannunnu navanavnaunﬁw X X
UB=U/(CLEN/2.)
CALL ARITH (UB,P3,0.,P3,YP3,MODE MODE)
CALL ARITH (UB/RO, (. ,RO, uwo MODF ,MODE 1
tg=1,/ue
CALL ARITH (UB,P1,0.,P1,VP1,MOLE, MODE) v
("*'ﬂ*ﬂ-ﬁat-i&ﬁR**"!‘l****ﬂﬁﬂ***i***l*#u IEEEEEEEEEEFEEESAEERESLEFENEEEERE S X X X ]
C CONETRUCT THE K/M. 8/M AND G/M MATRICES,
Li!ﬁiﬁ%ﬂé*#%ﬁ*#%*ii*!ln**#li****ii&*ﬁ-ﬁ!fliiﬁiﬂ&#D*Qﬂ#fi##ﬂﬂ*lbﬂili#llﬂi
DUML=0MEGA(MALERN) #42
DHMZ-:.¢OHEGA(MALCRN)ﬂZCTn(HALERN)
DO 31 IR=1,MODE -
Do 30 IC=1,MODE
OMEGAZ (IR, IC) =0,
BOIR,IC)=0
QBM(IR,ICY=0.
30 CONTINUE
OMEGAZ (IR, IR) +OMEGA(IR) #82
B{IRIR)=2.40MEGA(IR)ZETALII)
IF (IR.NE.MALLIND - QBMCTR, TRY (QBAR/GHASS(IR) -
IF (IR.NE.MALERN) OMEGAZ(IR. maLenm,snumanEncr(xR)/nnAss¢IR)
IF (IR.NE.MALERN) B(IR,MALER!) =DUMZ+REACT(IR)/GMASS(IR)
31 CONTINUE
C%*ﬂlﬁ#%#fA*#i#i»ﬂhﬂﬁl#ﬂ#ﬂadaﬂﬁﬂuﬁu INEREEFEEEFEEYEEEFEEE X | i!ﬂﬂl##’ﬁﬁt’ﬂi
(o4 CONSTRUCT : -P3 + PLEK/N
c ~P2 % PIaB/H
¥ RGO ~ P14G/11
C‘K w-ﬁ#*%#*ﬁ*ﬂ-%4ﬁ%#1¢*{t 2 2R ER R EEEEEEEEEEEEEEREELEREEEEREEEEEEEESEELE R X ]
CALL MULT(VP T, OMEGAZ, W1, MODED)
CALL ARITHOL ., UP3, 1., W1 .41, MODE , MODE)
COLL MULT(UPL, B, W2, MCDE) Y
CALL ARITH(L. P21, H2 (W2 MO0 MOGE )
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CALL MULT(YP1,3BM,W3.MODE)
CALL ARITH(~1..YR0O,1.,W3,H3,MODE, nous;
HKK=0.
IDUMI=NGAINS+1
N0 400 KK=1., IDUMIL ,
C#**#*ﬂﬁ%%%i4#%*#‘4#*'&“%**“****“&&”##ﬂ!ﬁﬂ*l*l*-ﬁiﬂ*1***##*#*@!&#!“***#*
C  PLACE SMALL MATRICES INTO ONE LARGE MATRIX
C‘l*ﬁ**iﬂ**#*i*%§ﬂ*#ﬂ#ﬁ*ﬁ*”4‘ﬂ***ﬁﬂw#ﬂ#ii‘ﬁ#ﬁﬂaﬂl##“dl*#iﬂ'ﬁtldQl##&{*’ﬁﬁ
' DO 32 IR=1,MSI2E
U0 32 IC=1,MS12E
a2 ACIR,IC)=0,
DO 33 IR=i,MODE
A(2# 1R~ 1+MODE, 24 IR+MODEY =1,
Le 33 IC=1,MODE
ACZ24IR+MODE , 24 IC~1+MODE) = ~0MEGAZ (TR, 1)
A(ZHIR+MODE 29 IC+MODE)Y=~R (IR, )
A(2# IR+MODE, IC)=QBM( IR, IC)
ACIR,IC)=H3(IR,IC)
ALIR,24IC~1+MODE) =W1 (IR, I()
ACIR, 24 IC+MODE) =W2 (IR, IE)
33 CONTINUE

CrRARBUEAHGHAFPARAUA AN ARAHAREAARANRBARAUARERAARRR R AR RARRRAARRKEARNREN

C  ADD ADDITIONAL TERMS TO THE LARGE MATRIX THAT ARE CAUBED BY THE
C  ADDITION OF THL FLUTIER SUPPRESSION SYSTEM.
CAMNRAAIAERRANRABRFIAABSRNAAAUBRAHA RS AAAFRHBBARRIRARARARARADARRAR RN RN
CALL FSS(A,OMEGAZ,B,QBM,MODE,MSIZE NCONTR, MALERN,
.DEFLECT ,REACT , GMASS, WP 1, AC, GG HE WS WG, W7, KB, WD,
LHIO, WL, WEZ . AK, CONVET)
CruonatampauaAnst sndsdadanangNadadAd A AAA440A0RBARBAARAARUANNADRINARNARRAN
C END OF MATRIX CONSTUCTION, NOW GE1 THE EIGENWALUES
CHRBABBUAFAARADERA AR AN AU SR APHADHABARAUAHAF ARSI BBEIRBHNIBARRARNARA RN ARBS R
CALL ELMHES (MSIZE,MSIZE, 1, MSIZE, A, INT)
CALL ELTRAN (MSIZE,MSIZE,1,MSIZE.A, INT,Z3)
CALL HORZ(MSTIZE  MSIZE, 1, MSIZL A HR, T 23, TERR,O)
Cossnass IF ZERNS WERE CALCULATED GO 10 ZERD PLOTTER SECTION s#sasee
IF (OIK.EG.1000000.) GO TO 42

0
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PRINT 931 ,%K
FPRINT 932,IERR

Casnxaxx CALCULATE FREQUENCIES AND DAMPING ##2#ataasdatunpaiantnsnnns
DO 41 I1E=1,MSIZE
WNZ=WRCIEI#WNRIIE)+WICIE Y #WI(IE)
WN=SART(WN2)
2TA =~WR{IE)/HN
CYCLES=WN#%.16034
PRINT 933, WR(IE), HWI(IE), HN. CYCLES, ZTA

41 CONTINUE

(MEZTTEETEEFER T EFTEREFEE TR RS RS EEEREE SRR IR EE RS EF Y Y EFYE S R

c PLOT RESULTS ON ROOT LOCUS PLOT.
COHREARRLEARRRARER R SR AR ERDRAR A AR AN D RS AR RN A AARBARR N AR HARNARR NS IR R AR NN

IF (IPLT.EQ.1) CALL POINT(MSIZE . HR WI,SCALE KK, XK, YMAX,YMIN,
HMAK L, XMIN)

’Cﬁﬂﬂﬂiﬂi** CHANGE THE GAIN FACTOR #3448 # 24848380088 080438 008040083848 05

IF (NGAINT.EG.1) XK=XK+GAINUP
1F (NGAINT.EQ.2) XK=0CAINUP#2#+4(KK~-1)

IF (NGAINS.EQ.KK) XK=1000000,

GO TO 43
CRESUBERBRRLRADRER AR U AR RSN AR RSB R AV A DH I AU R R AR AR AAB DA RRB AR B A A DA AR DB
C PLOT AND LIST THE ZERQS OF THE MATRIX

C*ﬁ‘lﬂ***%*#*ﬁﬁl**#ﬁﬂ%#*##‘%ﬂﬁi#ﬁ«!ﬂ-ﬂ%ﬂﬂhﬂiﬁ»‘!ﬂdﬁ'ﬁ#*}*#ﬁﬂl#ﬂ{“ﬂi’#“}?i*
42 PRINT 9351
PRINT 952, (WR(I)Y WICI), 121,MS1IE)
IF (IPLT.EQ.1) CALL ZEROPLT(MSIZE WR,HISCALE . YMIHX,YMIN,

. AMAY L XMIN, NGAINS) .
CHrasnst ittt Rttantdatd Ao Rna n AR AR B AANAAARBEAARDAAINRHALRRARN AR X RB RSB U
C UNPACK THE EIGENVECTOR MATRIK (Z) PER EISPACK GUIDE
C AND LIST.

CHRARARARRR A RARI AR AR ARSI RIS ARI DI RY [EE XTSI ES I EEESRREER-L &% 2
43 IF (IEGVEC.CG.Q) GO TO 400
PIRINT 941
et : ‘
111 CONTINUE ' o
IF (MSIZE.LE.(G4L) GO TO 110 ‘

1 A e T Y,
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e p— e

LS

L=L+1
G0 70 111
110 CONTINUE
LL=MSIZE~10#(L-1)
LiL=1
113 CONTINUE ¢
1<9
IF (LLL.EG@.L)I=LL
FRINY 9G8
TI=(LLL-1)®10+41
TT =014
PRINT 942, ( (W) UWICIYS =10, T1081) -
FIRINT 5G8
00 31 J=1.,MSIZE.
PRINT 942,(Z3(J.K) K-11.,111)
91 CONTINUE
Lt L=ikio+1
IF (LLL.GT.L GO T 115
GG 70 113 :

115 CONTINUE
r**“**%iﬁ*#**”ﬂ*#ﬁinH*ﬂ*%’“ﬂl*w’fl)ﬁi'*l'*ﬂ"ﬂﬂﬂ"”‘R‘Ql‘”ﬂ’”ﬂﬂ‘ﬁ.‘l”*ﬂﬂ%ﬂ
™ ENDS LOOP. GO RALK AND CALCULLATE NUEXT OAIN FACTOR.
C*#***ﬁ*#%*##*uduﬂ«&a*n%nqﬂaqwiﬂaﬁ«*uiaoﬂquun»nqaauaugaénﬂaﬂaﬁaﬂﬁﬂw**

400 CONTINUL : : ’
P**%#ﬂﬁﬂ%%#ﬂ%»ﬂ*wagilnw*ua#u#anguaaﬂvwaaa*n4*ﬂ#nﬂ*#»unu*nﬂa»*#nnaaiwa
C ENDS LOOP. GO BACK FOR NEXT ALTITUDE
Q*****ﬂ*»n**»**ﬁuﬂnqdﬂ»au%*»aﬂnql**aﬂauduin%anaueﬁ»*«*k%ﬂ#ﬂ#ﬂi*i»fﬂg#

5300 CONTINUE

301 FORMAT(4EZ20.13)

802 FORMAT(BF1G.6)

(303 FORMATILS) .

G904 FORMAT(/ 1SR "MACH -, FB. S, 1050, 1., " WIBRATION MODES”

ot //30A, T2 TH ORDER CONTROL LAWY 10X, "CHARACTERISTIC LEMGTH-"
F7.3) . :
G066 FORMAT(/10XK . "nlL.TLTUGES T0 BE ELVAM_UATED ~ - === 20/ 1O W;GIZ.G)))
01 FORMAT (/10X , "MODAL FREQUENCTEG - wmmme emm im0 /{O( 1YL (12.6))
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902 FORMAT(/10%, "MODAL DAMP ING= = === =i m = “,/10(1X,G12.6))
803 FORMAT(/10%, "GENERALIZED MASSES-—~—m—m—mmmmm " /1001, G12.6))
G908 FGRMAT( /10X, "Pl MATRIX-—mmmme mm e e s e “/) :
€07 FORMAT(10(1%,G12.6)) '

09 FORMAT (/10K "P2 MATRIX=m-mmr oo cie et )

810 FORMAT(/10%, “P3 MATRIK-=wmmmmomm- e e “/y

911 FORMATC/10X, "RO MATRIX-=~ewo v oot
912 FORMAT(10X." - END OF INPUT DATA _")
21 FORMAT(LIHL.SX,10(" NEWN CASE "i)/s/%
822 FORMAT (1O, "MACH =", G168.6/7104, “Al.T =", G16.6/10x,
LTABAR =", 616.6/710X,"UTRUE=",G16.6)
8931 FORMAT(//20X,"THE GAIN FACTOR =",FB6.3,/)
BuZ FORMAT (/10X "EIGENVALUES COMPUTED, ERROR CODE=",I4,//124,
LMREAL PART", 8X, " IMAGINARY PART",2(9%, "FREGUENCY" ., 3X),
AN "DAMPING FACTOR", /53X, 3(83. "RAD/SEC" »5%) ,8%,
LMCYCLE/SEC", /)
133 FORMAT(SH,4(F15.2,34).,F15.4: .
941 FORMAT(///710X, "THE EIGENVECTORS ARE",/)
8968 FORMAT(//)
842 FORMAT(10E13.3)
981 FORMAT(///710X."THE ZEROS ARE LLOCATED ATI",/12%,."REAL PART",
L8X, "IMAGINARY PART",/SX,2(8X. "RAD/SEC" SN}, /)
952 FORMATIZ2(3XL,F15.2))
RETURN
ELND
SUBROUTINE CROSS (A,B,C:I,J/K)

CHABRHRAEH SRR LR HAASRARERARR A AU AR A DI HABARFAARRREA SRR ARD AR RBRA BRI RBNDRRTNSE

c
(W
c :
(LRI TR EEE R PR EEREI RS EREFEEEEENEER SRR RE RS2 R R LY SEREETRE TR R 2 2R R S T

c
C
C
C

SUBROUTINE CROSGS

THIS PROGRAM MULTIPLES MATRIX "A" BY MATRIX "B"., MATRIX "A" IS
NECESSARILY AN T 2Y J MATRIX AND MATRIX "B“ IS NECESSARILY AN _
J BY K MATRIX. THE RESULT OF THE MULTIPLICATION IS MATRIX "C" (1 BY K)
* NOTE: IF THL ARRAY “C" IS THE SAME ARRAY AS "A" OR “B“ THE PROBLEM
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Iy 4 IS PROBABLE SCREWED UP
¢
CHRRBEPRBRAHARARAR SRR NB PSR SRUE ARSI AR A ABRRSBUAHBERARRDBRRASFIRIRBAIDABRRABRERNUS BN
DIMENSION ACI.J)B(J, K}, C(TI,K)
DO 25 L=1.,1I
DO 29 N=1,K
C(L,N}I=C.0
0O 25 M=1.,J
CLNI=C(L,NI+ALL M)I#B (M. N)
?5 CONTINUE
RETURN
END
SUEROUTINE INITPLT
C**%#*%#’i#****#*ﬁ I ZEE 2222 R FEEEEEEEEESEEEEEZEEEEELILEEEIEEEEEEENEETEEE . EIX-F ¥ )

SUBROUTINE INITPLT (INITIALTZI PLOTTER?
IR R RERE RS RS L] I**NG“”#**“#Mﬁk*#*#*“ﬁ#ﬁ#*“ﬂ“'}ﬁ*##“ﬁ*%l##**‘ﬁ'”‘ﬂ‘ﬂ#******ﬂ****l'*“ﬁl

THE ENTIRE S LINES OF THE PROGRAM IS SUPPOSED TO INITALIZE THE PLOTTER.
THESE INSTRUCTIONS ARE FOR A CALCOMP PLOTTER. IF YOU ARE USING

ANOTHER TYPE OF PLOTTER YOU MAY NEED TO CHAMNGE THEGE INSTRUCTIONS OR
GET RID OF THEM ALL TOGETHER. THE OTHER PROGRAMS THAT DEAL WITH
PLOTTING INSIHULLTIONS ARE AALISPLI L POINTS, AND ZEROPLT.

CREAUARABARASIRHERUA LA B A AR DA RS DAL AR AR B AHAGTH AR ABH A ARADD R R URBAARBEARIRRGBHS
CaLL PLGTS(O,0,4) : '
CALL FACTOR(C.7874)
RETURN
END
SUBROUTINE AXISPLTCALT  MACH, YMAX, YMIN XMAN, XMIN, SCALE , ISYM,TITLE)
(CRBARKRAAABHRAAANAA AR BB DR U F AN B IR AR ARR AR AT SRS DU AR AR AR URRARAAR AR DR
C ' :
C SUBROUTIME AXISPLT (ARIS PLOT)
194 1
C*##***%%ﬂﬂ#ﬂ*#ﬂ»u»annuuﬂ»a*nzﬂa»w«ivanwﬁiNﬂiu*%h*ﬂﬁlﬂ*bn#nl#*****#ﬂn*ﬂ}#ﬂﬂ*%
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30

THIS PROGRAM DRAWS THE AXISES AND THE IMFORMATION NECESSARY TO
DESCRIBE WHAT THE PLOT IS OF (MACH NUMBER, ALTITUDE, TITLE...).
OH, BY THE WAY THIS IS FOR A ROOT LOCUS PLOT. :

THESE PROGRAM 1S WRITVEN WITH CALCOMP PLOTTER INSTRUCTIONS SO
TAKE IT OR WRITE YOUR OWN. IF DO NEED TO CHANGE IT THE -OTHER
SUBROUTINES THAT ALSO USE PLOTTER INSTRUCTIONS ARE INITPLT,
POINT, ZEROPLT.

SR R R AR r T Y ey
INTEGER TITLE(B) : ’ '
LOGICAL ISYM
SCL=YMAX/ 1L,
NEXP=0
IF (8CL.LT.1.) GO TO 30
IF (SCL.LE.10.) GD TO Sso
SUL=8CL/10.
NEXP=NEAP+1
GO 70 10
IF (GCL.GT..1). GO TO S
SCL=SCL#10,
NEXP=NEXP~1
GO TO 30 _ '
IF (SCL.GT. Y. SCALE= Lo, w0, vaNERP
IF (SCL.LE.3..AND.SCL.GT.2.) SCALE=S.410.##NEXP
IF (SCLLLE.Z.) SCALE=2.#10.,+aNEXP v C
IF (SCL.GT.2.0MD.SCL.LE.2.S.AND.NEXP.GE. 1) SCALE=2.5410.#4NEXP
AMIN=-GCALE#G.
AMAK=8CALE#2
YHMIN=O.

-CALL PLOT(O..,0..3)

CALL PLOT(1G.795,6.,-3) :

IF (ICASE.EG.1) CALL PLOT(G..1.,-3)

CaLl PLOT(O.,11.,2 s _ :
CALL ARIS(2.,0. ) 24HIMAGINARY AXIS (RAD/SECH,-24,11.,890.,0,,5CALE)
CALL AXTS(-6..,0.,19HREAL AXIS (RAD/SEC).~19,8..,0.,XMIN,SCALE)
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CALL SYMBOL(~G..-1.25,.10,1Z2HGAIN FACTORS.0D.,11)
CALL SYMBOL(-G..,-1.5,.10,7HSYMBOLS,0D..,7)
CALL sSYMBOL(-B.,12.,.14,11FALTITUDE =

= 50..11)
CALL NUMBER(999.,899.,.14,A1.7,0.,0) '
CALL SYMBOL(999.,999.,.14,12H MACH =
CALL NUMBER(9S9.,889.,.14,MACH,0.,3)
IF (ISYM) CALL SYMBOL (999, .999.,.14,14H

IF (.NOT.ISVM) CALL SYMBOL(999.,998...14,15H
CALL SYMBOL(-B.,11.6,.10,TITLE,O.,80)

RETURN

END :
SUBROUTINE POIN

rD.r12)

SYMMETRIC,0,.,14)
ASYMMETRIC,0.,195)

T(MSIZE,WR, HI ,SCALE KK+ XK YMAX s YHIN, XMAX » XMIN)

(2222 XTI EY S E IR RS R SRR LRI AR R SRS E RIS SRR SR SRR EE RS ETE
c

C

L

ﬂﬂ***ﬁ*i**ﬂi**ﬁI*##*i*ﬂ**iﬂl*ﬂ*i**l**#Q1it§d#ﬂ*I*ﬁ’ﬁi**#*fﬁ#*ii?iiﬂlliﬂiiﬂ’ﬂ*

Daonoonann

{
C

10 CONTINUE

PROGRAM POINT (DRAWS POINTS ON THE PLOT)

THIS PROGRAIMS TAKES THE EIGENVALUES AND PLOTTES THEM IF THEM AREC
WITHIN THE AXIS OF THE PLOT. EACH GAIN FACTOR HAS A DIFFERENT
SYMBOL TO REPRESENT IT. "X" IS AWAYE USED FOR THE POLES AND "2"
IS SAVED FOR THE ZEROS WHICH ARE PLOTTED [N ANGTHER PROGRAM. '
THE INSTRULCTIONS USED IN THIS PROGRAM ARE FOR A CALCOMP PLOTTER,

S0 THEM MAY NELD TO BE CHANGFD. THEL QTHER PROGRAMS THAT USE PLOTTER
INSTRUCTIONS ARE INITPLT, AXISPLT. AND ZEROPLT.

:#************%&%*ﬁ#**%%*%*%#*u%hﬂ“*M#”“%*%*#*“%ﬂ#*#“*%%*ii**********i%ﬁ%ﬁ**“

DIMENSION WRMSIZE) yWI(MSIZE)

IF (MK.EQ.0.) ISYMR=4

DO 10 I=1.MS1ZE

IF (HRCIP.LTLAMINLORVWROT G JGT . HMAKLOR,
. HICI) LT YMINLORGMICT) LGT.YMAY) GO TO 1o
HN=WR(I)/SCALE

YhN=WI(D) /SCALE

CALL SYMBOL(AN,YN, .14, I8YMR, 0., i)

ugod 40
TYNIDIEC

o
-

AL
st 5T

SR
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PU=~F , F+KK* .06

CALL NUMBER(PX:~1.25,.1:%K.0.,2)

CALL SYMBOL(999.,999.,25.,0..,~1)

PX=PX+.3

CALL SYMBOL(PA,~1.45,ISYMB, 0., ~1)

IF (ISYMB.ER.4) ISYMB=-1

JSYMB=1GSYMB+1

IF (IGYMR.ER.4) ISYMB=5

IF (ISYMB.ER.8) ISYMB=9

RETURN

END .

SUBROUTINE ZEROPLT(MSIZE MR, WI.SCALE, YMAXN, YMIN XMAX , ¥MIN,KK)
C******%**%%%***ﬂ*ﬂ*ﬂ*%**********##*d*%***%*%****##*ﬂ%%***#*ﬂ%*%ﬂ**%*****%***
)

o PROGRAM ZEROPLT (PLOTTES ZERUS)

C******%**#*ﬁﬂ*ﬁ%*%#H**%#*%*%*#*#*ﬂ**iﬂ*%*“***%********##*%%%Qi***“***ﬂ*%%%#*

THIS PROGRAMS TAKES THE EIGENVALUES WHICH REPRESENT THE ZEROS OF
THE MATRIX AND PLOTTES THEM [F THEY ARE WITHIN THE BONDS OF THE
AXISES. THE INSTRUCTIONS IN THIS PROGRAM ARE FOR A CALCOMP PLOTTER
AND MAY NEED TO BE CHANGED. THE OTHER ROUTINES THAT USE PLOTTER -
COMMANDS ARE INITPLT, AXISPLT, AND POINT. THE ZEROS ARE REPRESENTED
BY A "I ON 1hHE PLOT.

ocoonNnocnnn

ARFARCHAARHEA AR R P AR AR AR AR AAR AR ARBA BN A LRI A NI R BRI R AN BRI RA A AR R RIHA AR B RA SRS
DIMENSION WR(MSIZE) +WI(MSIZE) '
18vMB=8
0o 1o I+1,M8IZE
IF (WROT:LT.OHMIN.ORLHWR(T) JGT . XMAR.OR.

. WICT) JLTOYMINLORLWICEILGT . YMAKY GO TO 10
AN=AR(T) /5CALE '
YN=WNI(Y)/80AL:
CALL SYRMROL (XM YN 13, TEYMBL G, - 1)
10 CONTINUE T '
n=-4 .3+ (KK+1.5)».6

=wed TTYNIDINO

N-an.\) L‘O:}d io

1=
1

A
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CALL SYMBOL(PX,~1.20,24,0.,+1)

CaLl. SYMBOL(PX,~-1.45,8,0,,~-1)

RETURN

END ,
SUBROUTINE FSS(A,OMEGAZ,B,G8M,MODE  MS. ZE - NCONTR MALERN,,
+DEFLECT /REACT,GMASS  VP1.,AC,GCyHC /WS, NB/ W7 WB,WI,

JHIO, W11, W12, XK, CONUFT)

C***%*ﬂ%**#*** ﬁ*#*“**? IEEEEIEEEEEEERESEEREEE RS EEEREEEEE R LR ”l#-ﬁ#****ﬁ**‘l‘****

Cc
G
c

PROGRAM F8S (FLUTTER SURPRESSION SYSTEM)

CH s s rIrTTIYYIYTI™M™ RAFH AN ARG AR LU RSB RAHBRNR R R RS RNRN

THIS PROGRAI ADDS THE ADDITIONAL TERMS TO THE MATRIX THAT A FLUTTER
SURPRESGION SYSTEM CAUSES SUCH AS THE CONTROL LAWK AND THE REACTION
OF THE MORES TO THE MOTION OF THE AILERON RESPONDING T THE CONTROL
LAK. '

IR EZEETETETEEEEEELFFEFTEEFEIE LY EEEEEEEFEEE I FEE RS EETEESEEEEEEET R TR T R L

11

DIMENSION A(MSIZE,MSIZE),OMEGAHZ (MODE , MODE) , & (MODE . MODE ) ,
.GBM(MODE,MODE) , DEFLECT (MODE) ,REACT (MODE) .GMASS (MODE) ,
LUPL (MODE , MODE) , AC(NCONTR, NCONTR) GCINCONTR, 1) HE (1, NCONTR) ,
LWS(1,MODE)  WB(NCONTRMODE) , W7 (14ODE , NCONTR ) , WE (NCONTR » MODE ) ,
WY CHODE, 1) W01 NCONTR) »H 1 L (MODE . NCUNTI G WI2 (NCONTR, NCONTR)
MODE3=MODE®3 ' :
C=XK#OMEGAZ {MALERN, MALERN)n,oNIrr
Do 1t L=1,MODE

WS (1, L) =DEFLECT(L)
WAL, 1)=REACT(L)/GMASS{L)
CONTINUE

DO 12 K=1,NCONTR

PIO(L,K) = CuHL(l'h/

(Cha#ttenE

14 CONTINUE _
CALCULATE THE G=D*G/M MATRIW
CALL CROSS(GC, WS, LS, NCONTR, 1 ,MODE)

CALL CROES(WG.32M,WB,NCONTR,MODE . MODE)

EREER SRR RS EE N RS RS X
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DO 21 IR=1,NCONTR
no 21 1C=1,MODE
ACIR+MODES, IC) «UWB(IR, 1L
21 CONTINUE .
Crunansanniy CALCULATE THE -~GaD#K/M MATRIN ARBNANAB ORI BB BRI D
CALL CRDSS(NH'OMEGAE,NB,NCONTH'MDDE.MODﬁf
DO 22 Ik=1 ,NCONTR
DO 22 IC=1.MODE
ACIRMABED, 29 IC~1+MODEY =~ B 15z, 1)
27 CONTINUE
[Cadadasidunan CALCULATE Th  ~GeD42/4 MATRI AERAGSRANENADARERN
CaLl CROSS(WG,E, KB, NCONTR,MODE , MODE ) :
DOZ23 IR=1,HNEONTI
DO 23 IC=1,nK0DE
ACIRAMODESR, 2w IC+MODE ) s ~HB( IR, I1C)
?3 CONTINUE
Corupifadnnsgaasrs CLACULATE THE CaM/M MATRI U HABGRARLBRR SR ERRUD U n B
CALL CROSSOHUO, HIO, WL, MODE 1, NCOMNTR)
DO 24 IR=1,11008
0 24 120, NCOHTR
ALZ28IR+MODE, TC+MODEIY =ML (T, 10
74 CONTINUL : ,
CHNARATARAAED R A CALCUILATE THE A 4 GeliaCsH/i1 MATRIN ERLEEEEEENS T
CALL CROSSOWL L HED MCONMTR  MOLE , HEONTR )
10 25 IR=1,HCONTR
00 2% 10=1,NCONTR
HCIRAMODED, TCHMODED) ~ACCIR, TCH rUE2CIRIC)
2% CONTIRUE
ETTEE TR TR COLCULATE THE PLaCsH/M MATRT A AAAURRARAR RN _
CALL CROASSLUP L, LWL W7, MOGE ,MODE , NCONTER ) . '
DO 26 1®&=1,M06F '
06 20 1Ca 4 HOCDHIR
AT TCMODEDS Y s U7, 10}
26 CONTIMUE
RUTURN 1
END '
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SUBROUTINE ARITH (SA,A,8B,B,C,NR.NC)
L#“ﬂ**%n#ﬂ%*##ﬁﬂ*%ni*#“**ﬂ*%**ﬂﬂ%ﬂﬁ*%tiﬁd#iii*&i%l###ﬂ*!ll*##i*ﬂi*ﬂ*ﬂ*{*ﬂ*ﬂﬂ*i**

c
C PROGRAM ARITH (ARTIHMET 113)
c S ‘
(:“ﬂﬂﬂﬁﬂ##ﬁiﬁ#ﬂﬂﬂ‘iﬁ“ﬁﬁ*“#ﬁiﬂ#iﬂ’#ﬁﬁﬂﬁl IdﬂQ#‘l”ﬂ#ﬁ‘ﬁd’ﬁ,##ﬂ”ﬂ’ﬂ"ﬂﬂ"ﬂﬂ#ﬂi@ﬂ“*
c . v
G THIS PROGRAM WILL MULTIPLE n “ATRI¥ BY A CONSTANT AND AGD [1 TO SECOND
"MATRIX OF THE SAME SIZE AFTFi? THF SECOND MATRI% HAS BEEN MULIIPLED BY
% SECOND CONSTANT.

CONSTANT THAT MWILL MULTIPLY THE "A" MATRIN

SA =
A = NR BY NC MATRIX
5124 = CONSTANT THAT WILL NMULTIPLY THE *B" MATRIN
& = MR OBY NC MATRIX : .
c S Wi BY NC MATRIA (SOLUTION OF (SEA+A)I4+(GR+B) )
C MR = NUMEER OF ROWS '
C NC = NUMBER OF COLUMNS

e
(CABBBRARASGAIRARNBABRFAARAERIA NS R 2 o Md6»###5#‘N#“inﬂﬁil#ﬂ&bl'l’ﬂ”fﬁﬂﬂﬁilb##ﬁ‘iﬂo
DIMENSTION A(NR/NC), BINR/NC), CINR/NC)
DEe 500 IR=1, MR
DO 501 1Cs4,M4C
CUIRVEC) =Gt biv, Ly v GRwib (TR, L)
501 CONTINUE
500 CONTINUE
RETURN
EHD
SURROUTINE QUARE (MACH,ALT. U, OGRAR, INFLG)
CHEANBH IR ARARFAGHASAARRUABAL AR IR A SR AH ABARARBG DAL USIABRRAGALABN BB SRR N AN
C .
C PROGRAM GBARC
c :
(R EEEEEEEEEEEEEEX ENE *Hﬂdﬁ%%%#i»t“ﬂﬂ&#ﬂ#wﬂi&*ﬁaivﬂu'”#*fti#hkﬂﬂ.#i)d#“‘##ﬁ”ﬂ#“ﬁ»#l%#
" ) ,
G THIS PROGRAM THAES THE MACH MUMBRELN AND ALTITUDE AMD ESTIMATES THE

v
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162

200

100

103

C

AIRSPEED IN FT/SEC AND THE DYNAMIC PRESSURE.

CRERABKARAUFARDARARN AR DA B RN BB RA IR IR AR AR AL LSS L LR *Q’ﬂii#fﬂil#i*ﬁ**#d**

REAL MACH

DIMENSION ALTT(10), A(10), RHO(1O)

DIMENSION BKMACH(10),CLCORR(10)

DATA ALTT/0.0,5000.,10000,,15000.,,20000,,25000, ,30000, ,
.35000.,40000, ,50000,/ _

DATA A/1116.45,1097.08,1077.40,1057.3%,1036.892, 1016, L.
.994.85,973.14,989,08,968.08/ _
DATA  RHO/.0023769.,.0020482,.0017556, 0014962, .0012673,.00106673,
. L OCIBYOEY, .HONT3281,.00038728, .00036392/

DATA BKMACH/.70.,.72%,.7%,.,775,.80,.825,.85,.875,.50,.925/

DATA CLCORR/1.023,1.026,1.027,1.03,1.05,1,07,1.08,1.1,1.125:1.155/
IF (ALT.GT.0.0) GO TO 102

Al=A(1)

RHOT=RHO( 1)

GO TO 103

CONT I NUE

no 260 [s1,10

1GAY=1

IF (ALTLLELALTICE) )Y GO YO 1o

CONTINUE

PRINT 950 _ . '
FORMAT (104, wALT IS OQUTSIDE TAPRLES, WILL USE KHO=0.0, YT=968.07#)
AT=9G8.07 : '
RHOI=0.0

GO TO 103

CONT INUE

V2= (ALT-ALTT(IEAY=1) 3/ CALTT (ISAL ) ~ALTT (ISAU~1))
HOI=RHOCISAY-1)4+D28 (RHO(CISAY) ~RHD(T1BAL~1)) :
AT=ACISAY- LI 1 DIR(ACISAVI~A(ISAY~1))

CONTINUE

HsMntHsal

QEAR=0.98RHOL +U U )

LIFT-CURYE SILOPE CORRELTION FACTOR
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IX=1

DO 76 JA=1,10
IF(MACH.GE.BKMACH(JAY) IX=4n
CONTINUE

CORFAC=CLCORR(IX)

GRAR=GBAR*CORFAL

IF (INFLG.EG.0) RETURN

U=Us12

GEAR=0BAR/144.

RETURN

END .
SUBROUTINE MULT(A,B,C, )
DIMENSION A1, 1).B(1,1),C¢1,1)
DO 10 J=1.1

DD 10 K=1,1

WA =0,

0O 11 L=21,1
YH=NHAA(S LI RB (L, K)

CCJoK) =HH

RETURN

END

SUBROUTINE ELMHES (NM, N, LOW, IGH, A, INT)

INTEGER VL,ouds M M LANM, VLM R PT LW, MM, b )
IREAL ACNM.N)

REAL Ko

INTEQER INTCIGHS

THIS SUBROUTINE IS5 A TRANGLATIGH OF THE ALGOL PROCEDURE ELMHES,
NUM. MATH, 12, 349-368(1968) BY MARTIN AND WILKINSON,

APPLIED MATHEMATICS DIVISION. ARGONNE NATIONAL LABORATORY
HANDBOOK FOR AUTO. COMP., WOL.IT-LINEAR ALGEBRA, 339-358(1871).

GIVEN A REAL GEMERAL MATRIX, TH1S SUBROUTINE
RELUCES A SURMATRIA SITUATED IN ROWS AND COLUMNS
L0M THROUGH IGH TO UPPER HESSENLRERG #FORM QY

423,
424.
425.

429.
430,
431.
432.
4G3.
433.

434,

435.
43G.
437.

s
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STARILIZED ELEMENTARY SIMILARITY TRANSFORMATIONS.

ON INPUTZ

NM MUST BE SET TO THE ROW DIMENSION OF THO-DIMENSIONAL
ARRAY 'PARAMETERS AS DECLARED IN THE CALLING PROGRAM
DIMENSION STATEMENT; : : » '

N IS THE ORDER OF THE MATRIX:

LOW AND IGH ARE 'INTEGERS DETERMINED BY THE BALANCING
SUBROUTINE BALANC.. IF BALANC - HAS NDOT BEEN USED,
SET LGHW=1, IGH=N; .

A CONTAINS THE INPUT MATRIX.

ON OUTPUT:

A CONTAINS THE HESSENBERG MATRIX, THE MULTIPLIERS
WHICH WERE USED IN THE REDUCTION ARE STORED IN THE
REMAINING TRIANGLE UNDEP THE HESSENBERG MATRIX]

INT CONTAINS INFORMATION ON THE ROWS AND COLUMNS
INTERCHARNOGED IN THE REDUCTION.
ONLY ELEMENTS LOW THROUGH IGH ARE USED.

GUESTIONS AND COMMENTS SHOULD PE DIRECTED TD.B; S; GAREOW

o 0t v B0 o oee S wp e o se el e e ks At e A i e e b 40 @S b we a5 e vs me v 5 ek R th e e Am We e £e 80 @ e ek B b e e 6 e M . om

A = IGH -~ |
KP1 = LOW ¢+ |
IF (LA JLT. #P1Y GO TO 200

DO 180 M = KP1, LA
MMl = i1 - |

T e cee e e matn R A e, - manie CEir

438.

439.

480,
4431,
442,

443.
444,
445,

446.

447.

448,

439,
450.
451.
452,
453.
454.
455,

456.

457,
458,
4759,
4G,
461 1

462, -

4G3.

464.

466,
4E4:

464,

470G,

471.
472,
473.

474,

R
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69

™

100

110

120

130

(.= 0.0E0

I =M

po 100 J - M, IGH .
IF { ABS(A(J,MMI1)) LLE.  ABS(X)) GO TO 106
o= ACd . MMD) :
I - J

CONT INUE

INT(M)Y = )
IF (1 .EG. M) GO TO 130

INTERCHANGE ROWS AND COLUNNS OF A

DO 110 J - MML, N

Yo o2 ACT,I)
ALT.J) = A, )
AM ) = Y

CONTINUE

pa 120 J - t+ IGH
Y = ACJ, 1)
ACJ,T) = ALI, M)
Ald.M) < ¥

CONTINULE

END INTERLCHANGE

IF (% JEQ. O.0E0Q) GO TO 180
MP1 = M + 1

PO 160 I = MP1, IGH
Y o= AL ML)
IF (Y LEQ. 0.0E0) GO TO 166
v oE Y
ACT ML) - %

Do 146 4 - M, N

475,
476.

477,

478.

480.
481,
482.
483.

484,

485.

487.
488.
489.
490,
491,
492,
493,
494,
495,

496.
397.

499.

500,
S01.
502.

. 503,

504
505,
506.
507.
508.

sty
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ALL ) = ACT ) - Y. ® AN,

pDe 150 4 - %1, IGH
CALSM) = AGOMY Y o ACYL DD

CONTINUE
CONTINULE
RETURN

END
SUBROUTINE ELTRAN(NM,N,LOW, IGH A+ INT,Z)

INTEGER I,J,N,KL MM, MP,NM, IGH,L.OW,MP1
REAL - A(NM,IGH) Z(NM,N)
INTEGER INT(IGH)

THIS SUBROUTINE IS A TRANSLATION OF THE ALGOL PROCEDURE ELMTRANS,
NUM. MATH. 16, 181-204(1970) BY PETERS AND WILKINSON.
HANDBOOK FOR AUTO. COMP., WOL.II-LINEAR ALGEBRA, 372-395(1971).

THIS SUBROUTINE ACCUMULATES THE $iAR1LIZED ELEMENTARY
SIMILARITY TRANSFORMATIONS USED 1M THE REDUCTION OF A

REAL GENERAL MATRIX TO UPPER HESSENBERG FORM BY - ELMHES,
ON INPUT?

NM MUST BE SET TO THE ROW DIMENSION OF TWO-DIMENSIONAL
ARRAY PARAMETERS AS DECLARED IN THE CALLING PROGRAM
DIMENSION STATEMENT;

N IS THE ORDER GF THE MATRIX:

LOW AND 1GH ARE INTEGERS DETERMINED BY THE BALANCING
SUBROUTINE  BALANC. IF PALANC  HAS NOT BEEN USED.,

509,
S10.
Stt.

S1Z.

513‘
514,
515.
516.
517.
5i8.

520,
527.
528.
529.

531,
532.
533,
534.
535,
536,
S37.
538.
539.
S40.
531.
542,
543.
544.
545,

346.

347.
548.
$549.
550,
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SET LGW=1, [GH=N;

A CONTAINS THE MULTIPLIERS WHICH WERE USED IN THE
REDUCTION BY ELMHES IN ITS LOWER TRIANGLE
BELOW THE SUBDIAGONAL;

)

INT CONTAINS INFORMATION ON THE ROWS AND COLUMNS
INTERCHANGED IN THE REDUCTION BY ELMHES.
ONLY ELEMENTS LOW THROUGH I1GH ARE USED.

On QuUTPUT :

Z CONTAINS THE TRANSFORMATION MATIRIY PRODUCED IN THE
REDUCTION BY ELMHES. '

QUESTIONS AND COMMENTS SHOULD BE DIRECTED TO B. S. GARBOW.

APPLIED MATHEMATICS DIVISION, ARGONNE NATIONAL LABOGRATORY

INITIALIZE ¥ TO IDENTITY MATRIX
DO 8o I = 1, N . '

DO GO ¥ = I, N

20T, d) = Q.0GEO
201,01 = 1.CGED
CONT INUE

KL = IGH - LOW - 1
IF (KL LT. 1) GO TQ 200
FOR MP=IGH~1 STEP -1 UNTIL LOW+1 DO -

DO 140 MA = 1, KL ‘ . :
MP = IGH - i

531.
852,
553.
554.

555,

356.
$57.
558.
559..

Se0.

S6t.
562.
563.
564.

365,

J66.
567,
368.
569.

- 970. -

372,
373,
374,
375.
576. -
577.
578.
579.
S80.
581,

583,
584.



MP1 = MP + 1 . : ' 585.

| C : : 586. ;
DO 100 I = MPL, IGH : ; ©587. :
- l 100 Z(I,MPY = ACI,MP-1) _ _ : . 588.
R e £ 588.
1 = INT(MP) , ' 590,
IF (I .EQR. MP)Y GD TO 140 ' . §581.
c ' 59z,
DO 130 4 s MP, IGH 593,
2(MP,JY = 201, 1) : : - 594, .
Z¢I,J) = 0.0ED B sS95.
' 130 CONTINUE - : : ' 596.
S c ~ 597.
i 2¢I/MP} = 1,0EO : . 588,
p 3 140 CONTINUE ' : 599,
- | N C : 800,
- ! 200 RETURN ‘ BO1.
3 e _ v ‘
o END ~ G603,
_\ifi SUBROUTINE HARZ2(NM,N,LOMW, IGH, H, WR,WI, 2, IERR ; INUM) o
'% INTEGER I,J/K,L,M,N,EN,TI,JdJ.LL,MM,NA,NM,NN, ‘ o 8.
: bt IGH, ITS,LOW,MP2,ENMZ, IERR _ S

REAL HINM/N) G WRINY AHI(N) » Z(NM,N)
REAL FaoQelk, Gy T3tV RACSAL VT, Wiv, 20 NORM, MACHEP : _
INTEGER MINOD ‘ 13.

1LOGICAL NDTLAS 14,
- : COMPLEX 23
| COMPLEX CHMPLX
- RECAL  T3(Z) . .
i EGUIVALENCE (23,T3(1)) ' 18, ' =
c . : ' 19.
c THIS SUBROUTINE IS A TRANSLATION OF THE ALGOL PROCEDURE HGR2, 20,
¢ NUM. MATH. 16, 1B81-204(1970) BY PETERS AND MILKINSON. 21,
i HANDBOOK FOR AUTO. COMP., WOL.II-LINEAR ALGEBRA, 372-385(1971). 2z,
C , , 23.
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THIS SUBROUTINE FINDS THE EIGENVALUES AND EIGENVECTORS

OF A REAL UPPER HESSENBERG MATRIX BY THE GR METHOD. THE
EIGENVECTCRS OF A REAL GENERAL MATRIX CAN.ALSO BE FOUND

IF ELMHES AND ELTRAN OR ORTHES AND ORTRAN HAVE
BEEN USED TO REDUCE THIS GENERAL MATRIX TO HESSENBERG FORM
AND TG ACCUMULATE THE SIMILARITY TRANSFORMATIONS.

ON INPUT:
NM MUST BE SET TO THE ROW DIMENSION OF TWO-DIMENSIONAL
ARRAY PARAMETERS AS DECLARED IN THE CALLING PROGRAM
DIMENSION STATEMENT;

N IS THE ORDER OF THE MATRIX:

LOW AND IGH ARE INTEGERS DETERMINED BY THE RALANCING
SUBROUTINE BALANC. JF  BRALANC HAS NOT BEEN USED,
SET LOW=1, IGH=N;

H CONTAINSG THE UPPER HESSENBERG MATRING

2 CONTAINS THE TRANSFORMATION MATRI PRODUCED BY ELTRQN

AFTER THE REDUCTION &Y ELMHES, 0O~ BY  ORTRAN AFTER THE

REDUCTIUN 27 ORTHES, IF PERFUORMED. IF THE EIGENVECTORS
OF THE HESSENBERG MATRIY ARE DESIRED, 2 MUST CONTAIN THE

IDENTITY MATRINX,
ON oUTPUT
H HAS BEEN DESTROYED;

WR AND WI CONTAIN THEL REAL AND IMAGINARY PARTS,
RESPECTIWVELY, OF THE EIGENVALUES. THE EIGENVALUES
ARE UNDORDERED EXCEPT THAT COMPLEA CONJUGATE PAIRS
OF VALUES APPEAR CONSECUTIVELY WITH THE EIGENVALUE
HAVING THE POSITIVE IMAGINARY PART FIRST. IF AN

24.
25.
26.
27.
ZB.
29.
30.
3t.
32.
33.
34.
335.
3G.
37.
38.
39.
40,
1.

42,

33,
a4,
s,
36.

47.

48.

49,
50,
31.

o)
O

53,
4.
85,
56.
87,
38.
59.
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-ERROR EXIT IS MADE., THE EIGENVALUES SHOULD BE CORRECT
FOR INDICES 1ERR+1....:N;

Z CONTAINS THE REAL AND IMAGINARY PARTS OF THE EIGENVECTORS.
IF THE I-TH EIGENVALUE IS REAL. THE I~TH COLUMN OF 2
CONTAINS ITS EIGENVECTOR. IF THE I-TH EIGENVALUE IS COMPLEX
WITH POSITIVE IMAGINARY PART. THE I-TH AND (I+1)-TH
COLUMNS OF 2 CONTAIN THE REAL AND IMAGINARY PARTS OF ITS
EIGENVECTOR. THE EIGENVECTORS ARE UNNORMALIZED. IF AN

T OERROR EXIT IS MADE, NONE OF THE EIGENYECTORS HAS BEEN FOUND?

IERR IS SET TO
ZERO FOR NORMAL RETURN, -
J IF THE J-TH EIGENVALUE HAS NOT BEEN
DETERMINED AFTER 30 [TERATIONS.

ARITHMETIC IS REAL EXCEPT FOR THE REPLACEMENT OF THE ALGOL
PROCEDURE CDIV BY COMPLEX DIUISION. :

QUESTIONS AND COMMENTS SHOULD BE DIRECTED 70 &. §. GARBON ,
APPLIED MATHEMATICS DIVISION, ARGONNE NATIONAL LARORATORY

0 i A Y e T . P T T e T L L T T e

MACHEP IS A MACHINE DEPENDEN] PARAMETER SPECIFYING . = 84,
THE RELATIVE PRECISION OF FLOATING POINT ARITHMETIC.
MACHEP = 1B.0OEG##(~13) FOR LONG FORM ARITHMETIC
ON S3Ga

DATA MACHER/1.E-9/

PO 5 K=1,1IGH
LI (K) =0,

WI(K) =0,
CONT INUE . v
IERR = 0 '

GO,
61.
G2.

61,

G4.
G5.

o

8G. -

89‘ X

90, -
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STORE ROOTS ISOLATED BY BALANC
DO 350 I = 1, N

IF (I .GE. LOW .AND. I .LE. IGH) GO TO S0

WR(T)
WI(I)

HI.I)
0.0E0D

o

50 CONTINUE .

EN
T

= IGH
= 6.0E0

SEARCH FOR NEXT EIGENVALUES

GO IF (EN .LT. LOW) GO TO 2340

ITS = O
NA

= EN - 1

ENMZ = NA - 1

LOOK FOR SINGLE SMALL SUB-DIAGONAL ELEMENT

FOR L=EN STEP -1 UNTIL LOW DO -~

70 DO 80 LL = LOW, EN

b

s
\

L = EN + LOW - LL

IF (L .EG. LOW) GO TO 100

IF € ABS(H(L/L~1)) .LE. MACHEP # ( ARS(H(L~1,L-1})
+ ABS(H(L,L}))) GO TO 1o

80 CONTINUE

100 X

FORM SHIFT

= H{EN,EN)

- IF (L LEQ. EN) GO TO 270

= HI{NA,NA)
= H(EN,NA) 4 H(NA,EN)

IF (L .EQ. NAY GO TO 280

{ITS .EQ. 39) GO TO 1000
(ITS .NE. 10 ,AND. ITS .N¥. 20) GO TO 130

FORM EXCEPTIONAL SHIFT '

= T o+ %

az.
930
94,

a95. -

SS.
97.
a98.
9.

101,
102,
103.
104,

107.
108,

109,

112,

114,
115.
116,

117,

118.
119,
120,
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DG 120 I = LOW,
120 H(I,I) = HCI.I) - X
& = ABS(H(EN/.NA)) +. ABS(H(NA,ENM2))
A = 0.75E0 # §
Y = X b
W = ~0,4373E0 # S » S
130 ITS = ITS + 1
LOOX FOR THO CONSECUTIUVE SMALL
SUB-DIAGONAL ELEMENTS.
FOR M=EN-2 STEP -1 UNTIL L DO -~

DO 140 MM = L, ENMZ
M = ENMZ2 + L - MM

Z = H(M. M)

A - 22

X .
Vo~ 22

u o

H(M+1,M+1) - 22 - R - §
HM+2,11+1)
P)Y+ABS(G) +ARS(R)

P/ S

Z
R
&
P
e
R

S=A

]

: W o~ B 4 n

e
¥
a

[
o
~
[€2]

R =R /7 &
IF (1 .EQ. L} GO TO 1350
SIF 0 ABS(HIMM-1)) # ( ABS(Q)

140 CONTINUE
100G MP2 = M O+ 2
DO 160 I = MP2, EN
H(I,I-2) = G.CEQ
IF (I .ER. MPZ) GO TO 16O
HCI, I-3) = 0,00
160 CONTINUE
DOURBLE QR STEPRP INUVOLWING RONS L

(R« 5 - W) /7 HM+L, M)+ HIM ML)

+ ABS(R)N

TO EN AND,

MACHEP +
X # ( ABS(H(M=1,M~1)) + ABS(ZZ) + ABS(H(M+1,M+1)))) GO TO 159

123.
124.
125.
126.

128.
129.
130.
id1.

133.

135.
136.
137.
138.
139,

140,

141.
142,

144.
145.
1480
147.
148,
149,
150.
152,
154.
155,
156.
157.
158,
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— c COLUMNS M TO EN : S
, DO 269 K = M, NA : : 161..
. NOTLAS = K .NE. NA . 162.
IF (K .EQ. M) GO TO 170 o o183,
- : P = H(K,K-1) ' o 164.
Q = H(K+ 1,K-1) o o 1BS.
R = 0,0EQ ' _ ' ' 166.
IF (NOTLAS) R = H(K+2,K-1) - 167.
: _ A = ABS(P) + ABS(Q) +  ABS(R) ,
P ' IF (X .ER. 0.0EQ) GO TO 760 ' 169,
o , P =P /% 170.
i RB'=C 7 ¥ ' _ S 171,
‘ R =R/ X% , ‘ 172,
170 5 = SIGNC SART(P#P+QAG+R#R) , P) : o
IF (K .EQ. M) GO TO 18¢ . . 174,
S HIKiK-1) - =8 » ¥ : : 175,
GO TO 190 S : . 176
180 IF (L WNE. M) HUK,R=1) = ~H(t,K=1) ' S 177.
. 189 P« P + 8 , v “ 178.
‘ ] { =P / 4 . 179,
3 Y =875 ' ’ o 180,
22 =R/ S ‘ ' , ‘ 181,
R =Q /P .- ' . - 132,
R -k 7/ F o ‘ K S 123,
c , :
c ROW MODIFICATION o : : '
l DO 210 J = K, N , ' . ) S 135,
j P o= H(K J) + @ » H(K+1,J) _ : 186,
: IF (.NOT. NOTLAS) GO TO 209 ' 187,
‘ g P = P+ R % HIK+2,J) , 188.
i HOK+2,d) = H(K+2,J) «~ Pow I, o ~ 1ea.
200 HIK#1:J) = HIK+1,d) -~ P # ¥ ; - : 190,
_ HOKod) < H(K,J) -~ P » ¥ . o 191,
210 CONTINUE o . 192,
[ . . ' . ' 193,
J o= MINOCEN,K+3) 194,
|
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270

230

230

COLUMN MODIFICAT 10N
DO 230 1 = 14

P s X 8 HEE,K) ¢ ¥ 4 HOL, K44

IF (LNOT, HOTLAY) GO 10

P s P v 27 % ML K2

ML/ K23 = MOl Kol ¥

HET/Ks3t « HOYI, K19 - P

HOL KDY + HCLI,K) ~ ¥
COMNTINUE

ACCUMULATE IRANSFORMATIONS
b 2561 = LYW, IGH

P ow & 2T, K + Y % Z(T,Kel)
1€ (. HOT. NOTLASS GO TO 240

Foa P s 22 % ZULIKED)

ZC1 K427 # Z81.K+2) - P o 11
ZOI K410 = Z(I.K+1) -~ P = O

ZCI,K)Y - 2C¢1,K)y - P
CONT INUE

CONTINUE
G TO 70

OHE ROOT FOUNE
HOERS, ENY = X+ T
BidEH) - HEEN/ENS
HWICENS = 0L,08EG
s WA
il TO GO

TWG ROOTS FOUND

P s (( ~ %y /J 2,G6ED
(0 = ¢ 4 P % 4
27 = GERT( ALSG) S

[
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330

e

C

asn

GO

CONTINUE

GO T0 330

COMPLEX PAIR
HR(NAY = X'+ P
WRCEN) X+ p
WICNA) 2z
WI(EN) ~27
EN = ENMZ2
GO TG 60

13

]

ALL ROOTS FOUND. BACKSUBSTITUTE TO FIND
VECTORS OF UPPER TRIANGULAR FORM
IF (INUM.EG.1) RETURN
NORM=0.0ED
K = 1

0O 360 1 = §, N

DO 330 4 = K, N
HORM=NORMCARS(HST, ) )

|
CONTINUE

IF (NORM .EG. 0.0EG) GO 10O 100]

FOR EM=H STEP -1 UMTIL .3 GO - -
DY BOO NH = §, N '
CEN ~ N v 1 =~ NN
P = WR(EN)
8 = WI(EN)
N - EN - ,
IF (3 714, 600, 800 '

259.
260.

- 261,

263G.

- 264.

268,
268,
267.
268 .

272.
272,
274,
275.
27(3ﬂ

278 »

279.

260’

. 281.

282,

284,

283,
2886.
287.
2a8.
288,



600

18
o
N
o

630

-

aon

G40

G50
700

» )
)

-EQ. 0) GO TO 800

FOR T=EN-1 STEP ~1 UNTIL t DO -~
Do 700 11

W= HiI,T)
R = H(I,EN)
IF (M .GT. NA) GO TO 620

DO G1Y 4 = M,
R+ R + HII,J) & H(J,EN)

IF (HICT) U.0E0) GO TO 630

GO TO 700

D.0EO) GO TO G40

GO Ta 700

REAL E0UATIONS
RIS S REE
s HOLel 1)

GO 70 650

HOT# L E 1) 7
GO0 7O 700
HOLei 00

CONTINUE

~91,
292.
253,

293,
298,
297.
288.
299,
360,
Joi,
302,
303,
3c4,
a03.
308,
307.
308.
3098,
310.
311,
312,
313,

315,

316,
917,
a18.
319,

32:‘
3z22.
323.
324,



RECT RN

—x

ot T

e

bt et A X RSN et

Z8

SO0

P et b
! " e ,"," -~ "
,

END REAL VYECTOR
GO 70 800

o o0

COMPLEX WECTOR
710 . M= NA !

LAST WECTOR COMPONENT CHOSEN IMAGINARY SO THAT
EIGENVECTOR MATRIX IS TRIANGULAR
IE ( ARS(H(EN,NA)) LS. ABRS(H(NA.EN))) GO TO 720
HINA/NA) = Q@ / H(EN,NA) .
HINA,EN} = ~(H(EN,EN) -~ P) / H(EN,NA)
GO TO 730 : _ _
720, Z3 = CHMPLX(O.GEO,-H(NA.ENY) / CHPLA(H(NA.NAY=P.Q)
H(NA/NA) = T3(1) -
HINALEN) = T3(2)
730 HIEN,NA) - 0.0E0
H(EM,EN) = 1.,0E0
ENMZ = NA - |
IF (ENM2 .EQ. 0) GO TO 603

»

pa 790 11 - 1, ENMZ
I = NA - 1%
Woe b1,y - p
RA = 0,080
SA = H(I,EN)

DG 763 4+ M. NA
RA - RA + H(L, )% 1S, NA)
GA = 80 + H(I,J) ¥ HOJEN
7690 CONTINUE

LF CUICTY LOE. n.0E0) GG 10 770

L2 F 4 o
ﬂ -~ ﬁh ' ' ‘ f
g - 84

33z,
333.
334.

338,
337.
338..
339.
340,
341,
342.
343.

354,

345.

246.

347.
348,
348.

330,

3531,
as2.
3353,
234,

ass,

256.
357.
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: GO TO 790 : 358,
770 M= 1 ) v 259, , n.’_
IF (W1l .NE., O.Q0E0)Y GO TO 7890 . 3860, )
23 = CHPLA(~RA,~8AY / CHPLY(W.Q) :
HOILNAY = T3(1) : : ' 362.
HIL,ENY = T3(2) . ' 363.
GO TO 790 : 354,
c
¢ SOLVE COMPLEX EQUATIONS ‘
760 W= HOL, I+ : ' 366.
Y o= H(I+1,1) : ’ 367.
UR = (WR(I) ~ P) % (WR(I) - P) + WICL) # WICI) ~ Q@ »@Q@  3G8.
UI = (WR(I) -~ P} # 2.0E0 # @ 369.
IF (VR .EG. D.0E0 .AND. WI .EG@. O.0EO) UR = MACHEP » NORM 370,
® X * { ABS(W) + ABS(G) + ABRS(X) + ABS(Y) + ABS(ZZ))
: 23 = CMPLN(X#R-ZI#RA+Q#SA, X#5-Z24SA~08RA) 7/ CMPLX(UR,VI) = 272.
HIT,NAY = T3(1) = 373.
: HOI,EN) = T3(2) : ' 374.
y IF ( ABS(A)Y .LE. ABS(Z2) + ABS(Q@)) GO TO 785
0 HOI+1,NAY =+ (~RA = W 2 H(L,NAY + G 4 H(1,EN))Y /7 % 376G,
Q H(I+1,EN) = (~SA - W & HII,EN) - Q. # H(I.NAY) / % 377,
: GO TO 790 o 378,
785 23 = CHPLY(~R-YsH(1,NA),-8-VeH(1 ,EN)) / CHMPLY(2Z,Q) ' :
eI+ NAG - 1301 380,
HIT+1,EN) = T3(2) , ) 3et.,
790 CONTINUE ‘ 38z.
c : :
. c END COMPLEY WECTOR
g 800 CONTINUE : : 384.
: c
f c END PACK SUBRSTITUTION,
C YECTORS OF ISOLATED ROOTS o
Do 840 1 = 1, N S 387.
IF (I .GE. LOW LAND. T .LE. IGH) GO TO 840 : ‘ 388,
c : ) 3689.

DO 820 4 < [, i ‘ 390,




" < ”’3&' \\ *
}; ¢ . ‘/: ¢
g 820 Z(1,J) = H(L.D) 391. '
It c ‘ ’ - 392,
b . 840 CONTINUE ‘ 393.
' c '
b c MULTIPLY BY THRANSFORMATION MATRIX TO GIVE
g c - ‘“WECTORS OF ORIGINAL FULL MATRIX. S - 395,
& C FOR J=N STEP -1 UNTIL LOW DO -- I232:2320¢: 386.
N DO 880 JJ = LOW, N ' 397.
: J o= N+ LOW - JJ 398,
. M = MINO(J, IGH) - 399.
: :”! c ‘ 400.
‘ D0 880 I = LOW. IGH , 401,
Bl 22 = 0.0EO ' 402.
A C B 403.
< % DO 860 K = LOW, M v ~ 404,
i ® ., 860 27 = 27 v 2(1.K) # HIK,J) 305,
‘W ¢ 408,
£ #CL,0) = 22 407.
o 880 CONTINUE 408.
‘ W 409,
: GO TO 1001 ' 410,
C
¥ GET ERROR -- NO CONVERGENCE 10 AN
: ' €IHENUALUE AFTER 30 1TERATIONS .
1000 IERR = EN 413,
1001 RETURN : 414,
C
; e LAST CARD OF HBR2 - _
5 ~ END ' ' 416.
{ END OF FILE ‘ - '
L]
I4
Vs

D
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1]
DAST ARM~1 OLD DATA SYMETRIC ROOT LOCUS .
1 i1 1 2 s .25 O 97.8 < 270.
15000. :
15 .
' L 20000000000G0E+01 0, o, 0.
0. ' 0. 0, 0.
0. 0. th, 3,
Q. 0. “.
0. 0. SAON000LOOVVINE+OL O,
. . 0. (18
0., . Q. : . LR
Q. 0, 0,
< 1000000000000E+01 ~.8720209000000E+0% = S90B00Q000000OE+03 O,
0., 0. 0N G,
o 0, 0, 0. 0,
[ 0, : 0, (AN
0. 0, (N ) 0.
. 100000Q000NONE+DL O, 0. 0.
Q. o, O, D.
a. O. ' 0. ' .
Cre O, <228000GONONNOE+NG -, 116964000000CE+QE
© e 240000000000 0E+OI13 O, 0, D, :
(N 0. 0, 0.
0. N DO
a. 0. ' 0. ' 0.
0 0. LA0GOGOOONONODE+OL O,
<. 0. 0, 0,
0, 0. R ) : i
0. . S L 2AF0000000000E+04 -, 29783191000000E+05
=W 1832200000000E+03 ~  2256000C00000E+07 = 303000000G00NE+0F 0., ’ ' )
a. 0. Ca, : 0. : o
a. 0, 0.
0, . 0. : 0.
o, 0. n., ‘ 0,
. 1000000D000CUNE+OL ¢, R ' 0,
o, 0. 0.




, , ‘ . \
\ T - AR

N - , . ]
"y [y - . ‘

\s - . . . \ ~

0. 0. < 2250000000000E+07 ~.2976191000000E4+08 .

= «1B832200000000E+08 = 2136G364000000E+10 -.2880000000Q00E+0Q7 ~.3364000000000E+04 .

=+ 100000000000GE+03 O, 0. 0.

0. , 0. 0.

0. 0. 0. 0.

0. ' 0. o, 0.

Q. _ O, - 1000000000000E+01

O, 0. ), :

g. Q. . 1660500000000E+07 ~.2196428858000E+08

<. 120485B83600000E4 GG ~.1391396632000E+ 16 ~.2125440000000E+07 «1237B28000000E+04

0, ~ e 1234400000000E+05 ~.10000000000C0E+03 0,

0. 0, 0.

0. 0, £, Q.

0. 0. 0. 0. % %
Q. 0. 0. G. . o0

-100000000GD00E+ L O, 0. - . Q

o. 0. - 1BBOS0000GONGE+D7 ~-. 2198428958000E+08 S i
-+ 120456380000DE+O6 -, 1591396632004 10 ~.2123440000000E407 +1237626000000E4+04 Kﬁ“ﬁ
0, SASGHOUOGHOUNOE+0S O, ~.B720209000000E+05 ©r v
- . 7678B00000GNOOE+0Z O, 0. PR
0. : 0, ., 0, :'?! nes
0. 0. 0. ' .o, L L
S0, 0, O, . O,

Q. , 0. ’ L EO0000GGO0BOGE+O

Q. 0. : 0, (V9

0, 0., 0. _ 0. :

. . 0. : 0. . «B720209000000E< 25

G =, 1934Z40400000E+08 -,S894005000000E+03

LT0000000O0GLONE+OL . - 0. S0,

O, o, ., e

0. 0. G, 0,

0. 0. 0.

0. N, . 0. : 0,

. _ 9, 0. ' ' o,

O, 0. G, . 0,

. < 1933000GO0000E+0O6 1.




G PN S R O

88

.9403917814439JE 01~.116543154”517SE 01-.125528934366826E+01) ,12991616331590E+00

~.16731513315278BE+00~.54906550467919E~-01 .11232242180525E+00~.,33951509821190E-01
-, 23661256395087E+00 .23728743975749E+00 . 101181873480365-02
«3B8621245639060E+00~.25110777647203€E+01 . 12924344680388E+01~. 120366632 306935401
<B356973200416ZR+00 . 16B225406527449E+01-.170361018984468E+01 .14169123542322E+01

~ 9284672934209 7E+00 .16730880244924E+00 ,70324919880478E400

- Z0102352364770E+01 . 13479601413545E+01~. 48893570087497E*01~.75631838856818Ef00
+38351572876444E-02~ 1021 1708574411E+01 .11019380405796E+01~.24411171257S06E+01

~.438998236549968E401 ,35874013177045E+00-.11552424058953E+01

- 32648265353039E401 . 30501324024654E+0G-.39416094664588E+00~.53470166785280E+00

-7843862965058BE+00 . 95398101339848E+00 . 40709346637868E-01~.72162782782854E-01
»156B80Z21899916E+01~-.16164745279083E+00 .53470189487151E+00

- .246633326139489E+01-.60638874363625E+00 ,55945127470874E+00 .1919i692918152E+00-
~.52778083708334E+00-.57664803542914E400~,.52223372994082E~-01 .27503987432007E+00

~.1B68366864889228E+01 .15347589086Y4CE+00~.29197626878687SE+04 _
-.351989340125432E+00-.50236211061420E+040 ,71023294701155E+00 .477084329863G0E+00
~.4795099017687GAE+00 .§3401111151139E+00-,15709235810732E+00 ,7516853328488838-01
~.85173938262130E+00~-,928819B03342570E~01 .B82061746183354E+00

~.98498704396806E 006~ ., 87096859653962E~01 2307929593771 7E400) 816513031 50363E+00

~ 90595146986 539E+00 L 1279730219361 0E 100~ , 25008025732607E400 .514444637 GG?LE+OO
~.98314303749173E+00 ,2628557630998BL+00 . 24G80836427240E+00

-.434082670248692E+00 [ 54066781253981E£4+ 00, 44”41813951”"7E+00~.38435499792669E+00
L14Z28218653233E4 0 (51109368833 241F+ 00 {00 GOBIE31443E+01~-.27007624361962E+01

~.312381034523335+Ul?.38694783“48555E*00-.25136145461874E+00
~.73830091031787E+006 , [15G5315185233E-01  .6691858374303SE+00 <24156012804542E+00
~.34283468442782E+00 (76670311 740588E+00 ,B88394703731092E+00~.,17848176806006E+01
-~ 23875742043448E+01~,401498077216G08E+0) .54819872835219E+400
.258B7043032005E+00-, 291919676021 73E+00-, 3819090091 7604E+00-.88921129390110E+00

. 73458594G624844E+00 L 15544B35475451E400~, 1U4G784861744DE+01~.55934779J157SIE*00

~.B35699056L9684E+GH (377971521G2693E400~.,60139778707298E+00

~.3543A4242480282E4 00~ . 123363294726741 - 01~.37383038755999E+00'.323976H979304GE+0H.

o S34754487791682E+GO- 1779040208560 7E400 .53qﬂ7741b76499E+hU-.IOSSBSQG&HH608E+01
—-.32000283847333E+00 2929360 1S564148BE+ 60, 322286518885433E+00
-.283162344359035+02—.35922253202744E401~.355940q599720°£+u1 L208B3227313002E401

ANTYNO ¥ood 20

4 WNIDNO

J

-y
—\ i

Si



68

~,23410501323667E+01 .34748537215446E+01 ,50723684273585E+01~.1094306656681BE+01
«1590233609743BE+01~,48312022837327€+01-,16374736441863E+01
=.871746730389796E+03 9914769421 1€04E+01 . 192208489940156E+02-.486001036580804E+02
. S2503285373288E+02 .B85457822999857E+01 -, 10681 188275147E+4+02 . 1807332585G157E+01
.47438335700241E+01-,.10661864551282E+02 . 566668755885648E+00
.44105495800696Ex02~.73482816970111E+01~,1707986434034BE402 ,484085880288144E+02
~,41808640326354E+02~,434727233979268E+01-.28025708001183E+402 .21615742060437E+01
.53562940758184E-01-.59176413839617E+02 . 14674304581 756E+02
-, 27824757927811E+03 ,1B677088843947€402 . 3150859881460BE+02~.11441377471712E+03
1116854460831 3E+03 .4016860912B83616E+0.1~.2426089680991Z21E+02 .B6174521636123E~01
- .35600731261411E+01 ,36301360315489E+02~.17112351187734E+02
+7403551318ZB23E+02~,13790641143187E+02~,25020312271379E+02 .991668837671441E+400
~-.86440927084700E402 ,78331550042085E+00 .28348305843109E+02~,57223026050397E+00
-464687135474532E+01~,.3287305141830BE+02 .14543137733572E+02
.66989540899283E+02~,.56209442405572E+01-.62799871302191E+01 ,130587C9692640E+01
~.214608288422260E+01~.103698413689754E+02~, 13445327337460E+02 ,219189086568037E+01

-, 104866885851 200E+02 ,274676136841368E+02~.81563482357343E+01

.39322618284221E4+03-,14753187903035E+02~.140446182557386E+02 . 13588717047707E+02
- 1ZB759037548039E+02-,10993241586604E£+02~.48960419363177E+02 .9087704784261ZE+01
-,.8932€6974537793E+01 . 17880693041 715E+02 . 139680474637C660E+01
- A2032063698222E+02 52919142777412E401~,38323305457688E+01 . 17269287355304E+01
- 6596791861 1BSOE+00-,(645186896B3676E+00~,25177438572896E4+00~.43105767851042E+01
-.680B84936285713E+41~, 856999342665 78E+01~.834785235248761E+01 v

L119764575574200 0055 - . S9330739659482E vo -, BLUGDAZET7187364E401 . 424718381652885E+01
- L S2ES276287906HE 1. L0737 703661344102~ ., 14193657067264E+402~.39784104653508E+00
-, 16833334417793E400 L3B576551582823E+02~.146286833018360E4+02
~.40227748361018E+03 ,B5093469T03C7SEA101 ,63575844560278E+01 703273266981 01E+00

L27662642236966E+01 L 1SGIG148623346E+02 L 30024356332322E402-,102226739053792E+402

.21379649759334E+02 -, 9908455686801 46E+02 L 11716314064118E+02

. 13043285359691E+03~. LOA0OS79229145E+02~, 1294 17684763801E+02 .203344110140Z208E+02
- . 18739217323978E4+02- ABINSN3T7G0058E+02~, 25069637169307E+02 .5B81636ENA38Z28LE+0D
~ 1315346547 7671E+02 L,B80G77319107B01E+01 -, 35739009226153E+01 v
- 548442982029 73E4 00~ 4147891 73B174GEA01 -, GAS2AB01424803E+01 , 270835095398366E+0Z

- . 78085711242721E40.2- . 86497331844 147€~01 . 2411377267700BE+02 -, 256370197884908401

LZ2BCET703370696E- 01 - . 340BERIBBEBILOE v 0T L Z3B0AGA3FT7NZ4T+01 :
-, 3061378938773775E 00+ 1171938631980 E+00 LO242748196GONBIEA N2 L 17488317932889E+03

TYNIDNO

Y
Aty ‘3

em
-

-

e

St

»

aurynd dood 40



«.19147263672297E403

.1938300232G155E+01

. 11686160374 785E+03

~.129439504932573€+03 .62635253288503E+03~.14220680552270E+03
.14421018867905E+03 .50770051431440E401-.70608770551464E+01

~.84817446688314E+02~

- . 1304G152726G081E+03

.617805696344946+02

.18716296087002E+02

. 11376028987870E+01

.568312342897197E+403-.104846108271959E+03
~,.138042054274553E+04-,283859162B5834E+01

«17378922673093E+02

.740B70B6466878E+02~-.29924925298366E+03

.S51018275664745E+03

~.83326439249458E+02~

-, 83955944402628E+02

.100381358303839E+01~
1479369186528 78+00
360256739166 25E+03~

2730553022508 2E+03~.33584036013845E+0 1~

~.17264375578391E+ 02~

.28539474067585E+01

.B80837596312301E400~
. 18148660941 254E+01 -
LANSB1038434504E+07
LA2962042481220E+01
L24232518B200760E+0:
+B7134500147037E+02
LA2Z21B6280291548E+01
LAB40178S6B1G69E+01

-.218669400073853E+01~,319188218H9603E+01~.66268849599383E+01
»15523866166356E+4G4-,900168050275377€E+00-.265978881648732E+01
~.B879688204414007E401~,67053885766076E+01~.28980443003465E+02

-.868d8760714756BE+01

=, 182724188493903E+03

«23549282096088Z2E+02
+A5529502187516E+01

«10447108369734E+02
.969768819476809E+00-

- L 15775115193230E+02~.561957590372446+01~. | IGE6B67470484E+02

~. 2158913792621 7E+072
L51564536684907E+03

7815759383041 3E4 02~

L32972016819310E401

26226096064333E+02
.2BZBY11BT16315E+01 -

3268011573673 70E+02~.91440350460321E+01-.34083153163512E+02
= 36T77709730391E+01 -, 17332582422323E+012-.94202633464343E+01
=, 17478351327783E+04-,37470862927037E+101-,95148203444707E+01

W 79908476B6GASGOE OV
- . 334207828741 33Ev0l

LATTIB33740281333E 0]
1733742930380 2E+03-

L3301 0158804B0BEYOZ~
VA34915688B468735E+02

LOO061679125863E403- . 1456824 72946G05E+01 -, 36537630156258E+01
- L 2ATREGEIRN3467GEA00- . 1394456097545 7E402-.2150804831530182E+02

-~ . 4B580032843586E+02
J2086425440B871E+00

LABE773456624502E+03~
CAAT7320837701058401

LO0871783777883E402

. 14449930869777E+01~

«13348703039825E+02

B2111327287042E+02
L20825246022869E+02

L42626B869591150E+02
«13071672852438E+02

.63394787312663E+02 -
- 1266815182556 1E+0E

L17180279426658E+02
+267B4476G68093BE+01

«3717681795788083E+01
.8358813968211685E+01

.17334588022224E+02
.1420689481688137€+01

.31010115353371E+02
.29613738551999E+01

d717000G41922159E+402
.49833562327181E£401

L30106182475570E4+02
.955404191644139E+01 -

«284950740BB98ZE+02

= 311615374771 31E+02-. 7613319668381 0E+00-, 43083777830211E+01~.353695653752020E+401
CAZA4Z2003207834E401 -, 14122121370427E+01 - . 8788817702605 4E+00

.8718808882493BE+03

L37739309233401E. "

L A8390034794321E4+02-. 2752652088710+ >°

LA95Z20930010003E+0U1 -, 8164721B4744675+01 . 2193242342420 2E401

=~ 731Z26414832083E+ G2~ 108R6902996E30E103- . 2016984541 58900E+402 ,96230154803593E+03
' :

.10804098033011E401
L3B1BELS2037777E4GL -

. 19839806747591E402
LI39BEOGBA3457238E400




K
i 5
b
b5

ey

ST

5

o

B

Q:.:s

SR, B

16

..102942849461055+04 L 370899US4301509E+01 L 11792957541278E+03 .2989541366B7553E+02

~.4248B6394571673E+02 .GG416269532399E+02 .82701211632067E+01 .
. 264B6797294277E+03 LB467633720107BE+02 ,39518803438072E+01~,306868873793887E+03
~ +33606254944509E+03~.69240165874378E401-~.56376216487331E+02~.,54606914992725E+01
+15346351010282E+02~.38277375595050E+02~,.21408383294777E+01
~ 39608576 792676E0-.46494097280932E402~,46037835078468E+01 . 33434287364156E+03
. LAGBGB3904Z2GBLAZE+Y0]3 . 51232514465962E401 . 47373630340450E402 4177101268673 11E+0
©w 115B3404968990E+02 ,31095147517030E+0% ,13448848368767E+01
=~ B7129C07831ZT0E402~,70778308934837C+01 . 10238009848492E+02 . 16613197G24908E+02
LOHOB729156165IE+01 L 111U7663860403E+01 -, 3684041543521 11E+01~,26334145720887E4+02
C L2571 CBHAUA4403EY0T LGB1424CT47T7079E 101 -, 427B7097934602E+0 '
- 4188030924181 1E+01-, 7395380988237 76E+02- . 35GR31282138745E401 ,40114785803447E+03
496285126964 16E+03 ,41829070732115E401 8749322265231 9E+02 (11191794722789E+01
~ . 12880172252288E+00 L40260623129873E+02 . 25520618876759E+01
.38866224654437E+02-.11289043516269E~07~,35559549208377E-01 . 11756688460449E+03

< 12659173477832E+03-,449818503B7235E+00 , 123410671247793E +G2-, 3630476232023 % 2+01

.31319548980396E+01 .87764338494750E+01~.72449912277981E+00

~ . 11763541 202100E403~,965772710326884E+01 . 70834639989388E+01 . Z8319725348426E+02
W229748292048775E+02- 1025784913571 2E400~, 1647563344209 2E401~,22541410549985E+02
19743873689Z509UE+02 (68796683471 7914E+0 (-, 40308491399911E401 :
LO93360G41I6722E+03 L 2612718L30YSBEEYOZ (25316354 756140E401-.88005270287106E+02

- 837407732321 24E402-,50974245023331E400~,147840909073324E+0U~,425436A4GIABIQZEA 01

LH2764B811913795E401-,.56440887769032E+01~.30741845084608E+01 : :

-, 140345856745388+01 1721004920684 SEv0) L1 1G717647688592E4+02 . 72029475279936E+02
LBSBSZ08S070S19E+0ZY L 92514934352082E+00 L, 173432337385963E+01~,36230751180892E+02
L32748RO7LIEG2Z0E40D L 168098723043222E402~,71333023760451E+01 ’

1256. 37.07 102,692 186.623 214,589 254,968 ‘308;078, 412,438
4G0.08 S0G7.444 GRS .86 . . :
.2 008 00 BRIV L HH0S LR L0008 LS
.008 LO0S OGS _ '

1. L023213 L 308HuS LOSSHELS L 002a708 L 2852498 LO0937477 L 0IBLYLE
239448 ,0193101 JOGDTR? '

v -, 7308 -.8217 KT L 1G0T L0729 L0879 . 06
L1663 -, 0437 » 0004 :

LO022960 L0000 ,

G LEAE0

Zrnd ¥00d 40

O TTOrE

B DO

i et St



AR ROy SRR e B i s e s e S AL s R

92

3714 40 aN3

GO0 - 8900 ° -
2950 GIOf"
NES0 - ZEG0"

Ligo” grzo:*
VLEsy - 8LGT" -
LLED "~ TLOO"
969" 8zzZE"

196"~ S92 -

198C LBLZ”
HESL” £LOL"

<X e

R R AR T PIPE OB o,
N

T .



#854YS,.

WCHES 1041NG 37g9WYs

3 XIONI34y

T e o S 3B i 3?§

.



v6

2001026

ke
1] A
[ r
T Ty R A TR PP & ™ b
b T A P FY 4 (4 v RA SRR SO R S T A kil o o TR Y GUENEL Py b e
o
i
zo
w
fasy
é : :
1
_ ‘ Wl
DAST ARK-1 LD DAle SYMETRIC ROOT oLy AI/02/0 19,47, G oy
PR
SR
HACH - .05 11 wigRATIOn BODEY ‘”_‘f\_
. Lt
1STH QGRDER COMINUL LAWK CHARAGE LIS T He tannTa 97,80
ALTITURES TO BE WAL UATED-- -
150090,0
13
NODAL FREODUENCTES - B ) ‘ b
THELOD ST.uTun Yol G4l 186,06, [ R ISP Yeetd o0 28 410,908 S50 ,HV0 507,444 }
GS55.336 . i
MOBAL DAMPING- - - - ——— . ‘ : :
L 20RO LSunuunl, 92 Jhoonunb ool oot Lol G et gl Beieenf 02 JG00000E=02  (S00000E-0Z L SO0G0VE-0Z i
[STIIRIeIOI0) se e ’ ‘ :
GENLRALIZED MALLLS - o -
1. 05000 LESZHBOE 0L - L gty PEESTTICE Y ST S SO I XYTT Y SRR RN ¢ 1 a1 3 LA TATIE 02 L IGBABSE-O1  ,239449BE-01 L 193181E-0)
SADTEGE -0 : ' .
Pl MATRI--
LOUTOJUZE -ul L TIGY I v AN RN EN IRITT R YA FRTR T3 TITSTIS SETE R I N fd ~}JUDSIGE'01 - 286613 L,237287

REDRE ¥ SN
L386212
L7039

LRSS B 1)

[IeT I T
1.15524
2.26403
334702

2.80033

PRTERTLY B

S I o

S L.231976

L5519493 S S0I62
820617

. 9043887 LBTOUGE - !
246008

- ,434827

.261361

- 7EBL)

'

L3389

1.0 nl4d
YL
LR YY)

i
REATERE I
L2093
L44.°418

LGB

L250070 -.291920 - a8 1O0Y
.601398
. .3%4342 - 120363E 01 L8080
322287
P2 MATRIZ = -

PLa20367
L8630
.;hHAInT
Sy
A7 734
RRTTRY I
MB1IE KNI

LaA186Ga

SLHH921

LRIV

VY

LGOS ILE - el

2793 M6
it}
Jargnan
JEITL b R
T Fau TN
;liﬁth
L2 13586

LDA754T

1.68200°
1.0211
.453E81
76638
L5401
17973
.511937
L IBGT0S
D144

L7904

| IVATIEIPY ]

1.10193

L4 7090E-08 -, 7716G28BE-O) -

SLHI00I4E -0

5

ST
PRIVt 1]
1,000801
. 86394/
1.046/746

NI KUYA]

1.41691

S.44812

L275070
L 751653E-01

LS514243

~2.70876

-1;78487

- .555348

. = 3.,00940

-.92846/
-4.58308

t.566880

-1.69589
-.651739
-.993:43
~3.12381
-2.38757

..585698

-.820083

. 167309
358740
L161647

£133476 -

-.928920E-01

v

.26285G
. 386848 -
.4101428
3779722

;292938

.o

A A N B T



g6

~“8.3L83 '-3.é9223 I-B.SSSQO 2.98832 ~2.,34165 3.474835 ‘ 3.07237 -1.09431 ’ 1.58022 '4f99128
ubé??é:; 8.81477 19,2208 -49.8001  ° %2.5553 6.54578 10,6812 1.80733 4,74533 -10.6620
Af??g%g -7.34828 ~17.08u0 40,4850 ~a1.8086 ~4,34727 ~28.0257 '2.}6157 g «J336829E~01 -59.1764
f%;é?f;é 18.6730 \31. %008 ~114.414 111,603 4.01861  -24,2607 +681743E-01 -3.38007 38.2014
24,0353 ~13.7336 280203 a4.1680 -96.4409 . 7833216 2D.3400 .BI2230 4.84871 ~32.8734
é;:gsg; ~%5,.62004 +6.27999 1.30568 -fe 1468, S10.4884 -13. 4458 £, 19160 ~10.4669 - 27.4678
géé?ggz ~14,7332 -14.044¢ T13,5887 “12.8738 10,9832 ~48.9604 9.08770 -8.83270 17.8807
‘:éfggg? L.20191 ~3.63233 1.72682 -.639679 -.643167 ~. 291774 ~4,31038 ~5.80849 ‘ ~-8.66999
?igz%gg ~.54932387 -9.99943 4.24718 SHL,I0808 40.72322 ~13.1937. - .397841 ‘ -18.8332 : 35{5765
;:gé?égs 6.350935 $.35758 S M3273 3. 76626 15.61G1) 39.0244 S~ 10,2227 21.37986 - =99.uB48
i;é;igi ~10.3006 ~12.9438 20,3344 19,7392 -16.5050 ~23.0G86 L L381637 ~13.1535 6.807723
-5.5738 : :

P3 MATRIX=m=mrmmmiias s amommman

©54.8442 ~4.14788 -5,45229 27,0635 20,007 -,864973E-0) 24.1138 -2.96370 2.25067 -3.49068
»gé?g?;; ~11,7194 -22.4274 174.003 ~191.473 1.93830 118.862 15.3487 ~129.483 626,053
'iiﬁii?é 5.07701 -7,05098 62,4113 ~g34,8174 -18.7163 1.13760 70.8252 ~130.462 563.123
'!SS@??E -2.656%4 RYTTRYS 42,6269 Gi.76u6 17.5738 1.81487 -13.0m17 74.0671 ~299.249
;?5??52 1.00302 -4.209628 63.5948 -81.3264 ~14,7557 . 24.2325 12.6682 -83.8553 380.257
’?iafiéi -3.33841 -2, 216e3 17.1903 ~17.2644 -2.892395 4.64018 2.670845 $=2.15669 -3.19188
“?5?2??3 -, 000168 2.69780  S.71702 -8,749682 | -6,70538 -28.8003 8.58814 -8.€6888 23,5483
:;;T;:; 4,53293 . 9LY289 17,5344 15,7781 -5.61958 -11.6669 t.42089  -21.5581 78.1576
-§?5?55§ 3.297.0 2.02691 ~31.0101 32.6012 -0.16404 ~34.0852 ' 2.96137 ©-3.€7777 - -17.3328
:?525?32 ~3.74706 -4, 51407 1. 7000 ~79,508% 5.41434 83.0102 —4.95355 ~-35.4208 175,378
—;36;§:§ ~1.43602 “3.65376 30, 1062 -37.60647 ~13,§448 -21.5803 ' p.55404 -48.9301 167,734
~50.871 . o
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MATR A e m e cmc e e ———
20.86843 4,4742¢ 1.44409 -28.493) -31.1613
~.878682
871.981 37.7353 1.08041 19.8388 49,3950
~2.19524
~73.12€C4 ~108.869 -20.1983 9G62.302 1029.43
8.27012 3
2n4.068 Ga.6764 5.05188 -50E.689 ~536.563
c.340u8
-59.6088 ~46.4949 ~4.60378 434,342 466.390
1.34388
67.1296 ~7.07783 10,2361 16.6132 9.89673
-4.27871
-414.833 -73.8381 ~5,86313 461,148 496,285
¥.55208
30.86€2 ~11.2890 ~ ASGS9SE~01  117.367 126.592
. 724499
+117.695 -9.63773 . 7.88347 28.31897 22,9743
4,09083
343,381 26,1272 - 2.33186 ~88.00%3 -63.7408
~3.07418
- 140,348 -17.2100 11,5718 72,0295 65.6321
- 7.13339
~ END OF INPUT DATA .
WECW CASE NEW CASE NEW CASE NEW CASE NEW CASE
MACH = .B23000
& 19000.0
QBAR < .22986
YTRUE ~ 1046 7.8
THE GAiN FACTOR = 0.00u
EITGENVALUES CONMPUTED, ERROR CODE- D}
REAL FART IMAGIRARY PARY FREQUENCY
RAD/SEC RAD/SEL RAD/SEC
~-10812,44 0,00 t0812.44
263.74Q ING6,92 3726.26
2G63.78 1716.92 726,726
~263%. 31 G, U0 635,01
«§1%300,09 0,00 B S TYIV IR UR41

NEW CASE

~.761332
75
3.7%900

~8.92407

1.11377
4.18281
-.449819
~. 402376
-.508742

.825149

NEH CASE NEW CASE

~3.33698 -

-.598806
29.8354
-3.46068
4.17718
26,3311
1.11910
-3.63848
-22.5414
-4.25438
-36.2308

NEW CASE NEW CASE

DAMPING FACTOR

1.0090
-.0708
~,0708
T
1.0000

-1.4¥221
-6.16472

66.4163

-39.2774

31,5831
6.81425
40,2608
8.77643

6.873G8

~-5.63409

16.0987
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L6

-1439.91
1145.38
-2.02
-2.02
136.18
138.18
~448,65
~448,65
~16.68
-18.68
~4.64
~4.64
-294,70
-294.70

~J.d6

~3.98
-120.00
~120,00
~12.91
-12.81
~-28%.30
-2985.30
~1.43
-1.43
2.82
-2.52
-177.64
~15.60
-15.690
-50.09
~50.00
~-2.18
-2.18
~4.23
-4.33
~71.20
-50.00
~-5¢0.,00
~2.00
-38.319
-38.39
~251.20
-231.20

0.00
0,00
655.42
~-635.42
333.34
-333.34
300.27
-300,27
498.15
~496.15
438,27

438,27

326.46
-326.48
414.33
~-414.33
320.28
~320.26
307.74
~307.74
.00
=00
254.78
-254.78
202.82
~20l.62
0.00
145.18
143.16

100.22

160,22

107,20
feel. 0B
97.31
-97.31
0.0
28.38
-29.39
0.0
292.79
-292.79
1230.62
12300,62

THE GAIN FALTON

1459.91
1145.38
65%5.42
655,42
550,49
330.45
339.86
338.606
496,20
496,50
459,29
439.29
439.80
439.80
414.35
414.35
J42.00
342.00
308.01
308.01
293.30
293.30
2354.78
254.78
252.64
202.64
177.94
145,49
145,99

112,00

112,00
Bl 30
102,39
97.431
.97.41
1,20
S8, 00
58,00
Py
295,30
“95.30
128600
1206 .00

240,50
183.68
105,09
105.08
88.26
88.26
06.56
88.56
79.G1

79.61

23.64
73.464
74,32
79.52
6G.44
66.44
34.84
S4.64

-48.38

49.33
47.3%
47.33
40,83
40,85
32.49
32.48
20.53
23.41
73.41
17,69
17.96
18,40
16.40
15.62
15,62
11.42
3.20
9.30
.32
47,35
47.3%
201.39

S 201,39

1.0090

~1.0000
L0031
L0031
. 2474
2474
8310
8310
.0378

4

'

<0376

2010
10
.G670¢
6701
.0V96
L0098
.3508
».3508
0418
.0419
1.0000
1.0000
L0037
.0057
125

0125

1.0000
, 1088
10889
L4864
44864

40213
w0213
<1444
.048449

1.0000
.8821

.86Z1 .

1.0000
<1300

. 1309
+2006

Le000
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EIGENVALUES COMPUTED, ERROR CODE. ]

REAL PART INAGINARY PART FREGUENCY FREQUENCY .DAHPINO FACTOR

RAD/SEL RAD/BEC RAD/SELC CYCLE/BEC
0812.44 .00 10812,44 1733.67 1.0000
283.78 3718.61 3726.26 587.47 -.0708
263.78 ) -3716.81 3726.26 S87.47 <J0708
-2634.684 0.90 2634.84 422.47 1.0000
1145.74 : 0. 00 1145,74 193.73 1,0000
~1632.04 0.00 1632,04 {61.68 VL0000
-244.68 1234.72 1294, 77 204 .82 1549
~244,66 ~1234,72 1938.70 201,80 _ L1948
~1307.140 9.00 1307, b 209,58 1.0000
-530.76 237.34 6.16.65 102,08 . L8279
~%$90.76 -237.34 : 536.69 132,08 .9279
-2.02 653.3% 655,36 105.08 L0031
~2.02 -659.35 655,35 163,08 SO0
-168.10 355.684 542,114 86.92 : L7528
~408.10 -356.84 542,11 8G.92 : .7528
136.05 $33.91 $50.59 e68.28 -.2471
136,03 ~532.951 350.59 88.20 -.2471
-18.85 496.42 48G6.77 78.65 ,0375
-18.695 . ~48906G.42 495,727 . 79.65 . L0375
- 3,96 458.87 ' 439,09 73.74 L9086
~3.96 -459.07 459.89 73.74 L0586
~3.94 414.33 414.35 GG. 44 L0088
~3.94 ~414.33 414,35 Gh.44 L0095
~110.94 359.869 176,33 6. 34 S L2948
-110.94% -358,60 126,31 60.34 .2949
-12.89 307.52 In7.79 49.38 L0416
~12.80 T I I 3wz, 24 49,33 .0418
-110.84 Jod0 23 258,00 40,76 .4673
-118.84 -224.73 254,22 40,76 L4675
-1.45 254.78 354,78 40.a5 L6057
~1.45 - 254,78 254,78 40,85 L0057
~3.00 202.76 Jor.78 32.51 L0138
3,00 202,76 202,78 32.51 0148
~141.4% 9.00 141.44 22.68 1.0000
-19.50 146,45 147,75 23.68 L1320
-19,.50 ~146.45 147,75 23.88 : L1220
-9.47 125.79 126.15 20.23 L0751
-5.47 ~ 128,79 . 126.19 20.23 L0751
-2.01 101,40 101,42 16.26 L0158
-2.01% ~101 .40 101.42 16.26 . : .198
-78.84 0.60 79.64 12,81 1.0000
-33.60 £88.06 75.90 ' 12,37 . L4827

~32.060 -68,06 75.00 12.17 .44327
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-39.61 34.0% 52.23 ] 9.37 .7584
-39.81 -34.09 %2.23 8.37 .I5B4
-2.00 0.00 2.00 .az 1.0000 .
~38.29 292.79 ©29%,30 47.35 L1300 ’
-38,29 -292.79 293,30 47.35 © 1300

THE GAIN FACTOR = .30
3

EIGENVALUES CONMPUTED, ERROR CODE~ 0

REAL PART INAGINARY PART FREQUENCY FREQUENCY DAMPING FACTOR
RAD/SEC RAD/BEC RAD/SEC CYCLE/SEC '
-10812.44 0.00 10812.44 1733.67 1.0000
263.79 3716.91 3726.26 567.47 ~.0708
263.70 ~3716.81 3726.26 807,47 -.0708°
-2634,35 0.00 2634.35% 422,38 1.0000
1145.90 _ 0.00 ’ 1148.,90 183.73 ~1.0000 0
0 -1678.04 0.00 1678.04 2¢9,06 1.0000 -
¥ -238.51 1238.83 1284.58 202.28 . 1691 v H
: -238.51 -1238.63 1261.58 . 202.28 L1891 03
i ~1176.08 0.00 1178.06 i88.57 1.0000 Q =z
] -568.79 245,87 731.29 117,25 v .9418 22
: -638.79 ~249.67 731.28 117.25 .8419 O
-2.,02 655.30 $55.30 105,07 .0031 o
-2.02 -655.30 655.30 105,67 L0931 ORI
135.94 533.71 550,75 88.31 -.21868 Lo
135.94 -533.71 N80, 78 88,31 -.2468 S
-413.30 364.61 5%, 65 89.09 : .7546 )
~419.39 , -3646.61 SHH UL 82.09 . . 7546
~18.%4 46 .69 39/ 03 79.69 L0373 .
-18.54 <496 .69 497,03 79,69 .0373
-3.0% 460,36 A6y, 37 73.82 L0066
-3,08 -460,36 461,37 73.82 _ .OUE6
~3.91 414,34 414.36 66.44 _ © L5094
; ~3.91 414,24 . 414,36 66,94 L LOu04
; _-p8.94 370.00 181.40 61.19 . 2332
! : ~88.94 ~370.88 81,40 61.15 .2332
! ~12.65 307,23 307,91 49,31 L0411 . _ ‘
-12.85 ~307.24 307.51 49,31 L0411
~1.44 294,77 254,78 10.85 LO0S7
~1.44 -254,77 . 254,78 . 40.65 ' L0057
-87.789 227.64 243.98 392 .3598
-87.78 -227.54 243.98 38,12 .3598
-3.71 202,77 02,80 32.52 . .0183

-3.71 202,77 92,8 ' 32.52 .0183



-128.11
-23.901
-23.01

~35.385
~3.5%
~1.84
-1.94
-80.60
-27.84
~-37.64
-28.72
-29.72
-2.00
~38.33

©-38.39

ool

REAL PART
RAD/BEC

| ~10812.44
* 2632.80
. 263.80
g -2633,39
~1737,33

~227.27

-227.27

1146.22

-915,25

-915.25

~803.99

-2.03

-2.63

-427.67

: -437,87
| 135.74
135.74

-18.12

~18,12

-.75

-.75

~3.34

-3.84

THE GAIN FACTOR =

Q.00
151.36
-151.38
135.30
~133.30
101.42
~101.42
V.00
J4.062
-%4.62
38.33
-38.38
0.00
282.79
-292.79

EIGENVALUES COMPUTED, ERROR CODE=s

- IMAGINARY PART

RAD/BEC -

.00
3716.390
-3716.90
0.00
9.00
1247.02
1247.02
(8 PN TH)
337.2u
~337.29
0. 00
655,20
~653.20
367.26
~-367.286
534,14
-334.14
. 487.095
497,05
469.61
-459.,61
414.33
-413.31

1.000

130,88
12310
153.12
133.41
+35.431
101.434
101.44
80,60
66.45
66.45
a8.52
48.32
2.00
295.20
295.30

FREGQUENCY

RAD/SEC

10812.44
726,29

" 3726.25

2833.39
1737.35
1267.56
1267.50
1140, 22
97,.39
973.39
§63.39
655,00
63%5.20
63 72
T133.72
951,18
051412
397,34
447,30
460,61
460,61
314,34~
114,34

22,18
24,33
24.53
21.71
21.7%
16,26
16,26
12,92
10.63
10.65
7.78
7.78
.32
47,35
47.35

FREQUENCY
CYCLE/BEC

1733.67
537.47
597.47
422.24
278.57
203,24
2¢3.24
143.70
138.38
156.39
128.91
§03,06
t63.06
80.38
90.39
6a.37
A8.37
79.73
79.73
73.85
73.85
G6.4%
6G.44

1.,0000
1303
.1503
«0410
<0410
.0192
0192

$.0000
.5695
.5653
.6126
.8126

1,.0000

-~ . 1300
. 1300

DAMPING FACTOR

1.0000
-.0708 .
-.0708
1.0000
1.0000
1793
1,1793
-1.0000
8383
.8383
1,0000
.0031
0031
. 7588
7586
2463
2463 .
L0364
<0384
T
L0018
00393
L0093

.
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101

~37.33
~57.335
~12.09
~18.09
~1.43
~1.43
-34.07
~34.07
~5.48
~5.48
~-136.03
-28,7%
~28.75
~5.78
~5.78
~1.9}%
~1.91
~82.01
~45.18
-45.18
~16.83
~16.93
=2.00
~-368.39%
~38.39

THE GAIN FACTOR « 2,000

EI0ENVALUES COMPUTED.

REAL PART
RAD/EEC

-10012.44
263.81
263.81

~-2631..41
~1B12.54
1146.86
-208.12
-208.12
~1014,27
~1014,27
~708.98
~-2.10
-2, 10

A Ny

373.49%
-373.95
306,40
=30%,48
234.76
~254.76
237.22
~237.23
S 201,22
-201.22
Q.00
161.53
-181.53
142,03
~142,03
101,43
~104,43
0,00
51.63
~31.83
33.13
-33.13
0.06
292.789

~292.79

ERROR CODEs

RAD/SEC

GL,00
3716.89
~-3716.89
0.00
0.00
2,00
1262.83
~1262.03
353.18
-333.18
0.00
639 .06
653,086

PART

478,32
376,32
306.72
308,72
«~34.786
254,706
243,31
243.31
AIVY e 1
201,30
136.073

164,07

164,67
142,18
142,15
$101.45
101,45
82.01
68.61
68.61
37.21
37.21
Z.00
295,30
293.30

FREQUENCY

RAD/SEC

10812.44
3726.213
3726.24
2634 .41
1812.64

1146.86 .

1279.88
1279.88
1155.32
1155.32
709,99
655,06
655. 086

Gu.606
30.68
48.18
48.10
- 40,88
40.089
39.01
39.01
32.28
A2.248
21.81
26.31
26.31
22.78
22.79
16.27
16.27
13.15
11.00
11.00
3.87
. 3.97
.32
47.35
47.35

FREGUENCY
CYCLE/BEC

1733.67
587.47
387.47
421.82
280.64
18z.89
203,22
208,22
185,24
165.24
133.84
103,03
105,03

21316
1516
.0384
. .0384
L0058
0036
2222

—

« O
J175%
. 17528
0407 .
SO407
0188
0188
1.0000

6583

.69835

4348
* . 4549
1.0000
L1300
1300

DAMPING FACTOR

1.0000
-=.0708
~.0708
1.0000
1.0000
11,0600
<1628

. 1628
.8778
.8779
1.0000
. 0032
0032

¥00d 20
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~432.690
-432.60
135.583
135.98
~$7.32
~17.32
2.95
2.95
-3.73
~-3.75
-9.24
-8,24
“8,17
“B.17
-31.78
~31.78
~1.,38

{ ~1.38
~2.68
~-2.68
~134.84
~40.88
-30,86
-7.89

‘ ~7.88
51 -1.689
1 ~1.89
v -82.89
i,._ -47.78
5 -47.78
; . . -8.70
-9.70
-1.99
-368.39
-38.3Y

zol

REAL PART
RAC/BEC

-11034.83
~4793 10
~-4783.10

3346.91

3346.81
~8401.13

367.60
-367.60
535,15
~535.15
£87.01
~487,01
457.65
~457.65
414,09
~414.08
361.74
~361.74
303,81
~305.81
273 .18
~275.19
234.80
-254.80
188.69
~198.69
0,00

* 164,96
~164,96
144.33
~144.33
101.44
~101.44
0.00
51.01
~-81.01
28.41
-26.41
[EINTIY]
292.74
~282.79

THE ZEROS ARE LOCATED AT.

IMAGINARY PART
RAD/SEC
0.00
7047.87
-7047.87
7142,08

~7142.08
0.04G

557.69
©67.69
352.06
552.06
487.31¢

- 487,31

457,66
457.656
14,11
414,11
361,86
36:.06
305.87
303,87
277,02
277,02
254,01
254.81
188.71
188,71
t34,.84
i693.94
169.94
144,54
144,54
101.46
101.46
gz2.88
69.89
69.89
26.14
JH. 14

.94
295,30
295,30

g1.02
891.062
8d.52
88.52
79.74
78.74
73.38
73.38
68.40

68.40 .

S58.02
5,02
48.04
49,04
44,42
44.42
40.88
40.66
aJ1.86
31.86
21.62
27.25
27,25
23.18
23.18
16,27
168.27
13.29
11.21
11,21

4.51

4.51

47.35
47.35

« 7620
- 7820

-. 2456

— 2458
+01348
.0348

=< Q064

© . 0064

0090 -

L0090
0258
L0233
L0202
S202
1147
1147
L0033
L0054
0133
L0135
1.0000
. 2405
. 2405
L0546
L0548
L0187
.0187
1.0000
L6635
.6836
.2447
.3447
1.0000
. 1300
+ 1300

et o



At
e i A AT

B -

€01

END OF FILE

7407.26
143,42,
143,42

~-2850.16

781,25
791.25
~-668.29
~2.70
=2.70
~-4372.72
~437.72
141.57
141,87
370
C-17.01
-3,46
~3.46
-4,08
-4.08
~13.286
-13.28
~1.44
-1.44
~80.00
-GG.00
-1.21
~1.21
-133.52
-9.80
-9.80

-1.082

-1.648
~-83.92
=50.00
=54.00
~50.00
~50.00

.08
.08
~.16
~36.,39
-38.,38

Q.00

- 3539.80¢
~3339.80

0. 00
173,16
-173.16
Q.00
634,83
~-854.83
366.90
~366.90
534.13
-534.13
495,71
~-495.71
452.61
~432.81
414.20
414,20
308.79
=308.79
234,89
-254.80
300,08
-308.,06
200.60
-200.80
0,00
145,05
~143.05
101,45
a1, 48
MU IR
160,39
-166.39
G041
-50.41
w14
)
0.060
292.79
~3292.79
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