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ABSTRACT

3 A collocation solution of the flutter and vibration problems for a -

multiple corhponent system is presented. The formulation utilizes
structural, aerodynamic, and inertial characteristics in the fo rm of
matrices of structural and aerodynamic influence coefficients and a
mass matrix, respectively, for each component, The use of a rigid-
body modal matrix permits a general analysis for a system free in
space with up to six rigid-body degrees of freedom,

The computer program provides the flutter or vibration solution
for a system composed of as many as 20 flexible cpmpor{ents with a
“~aximum total of 49 collocation control points. An option is provided
to vary the density as well as the reduced velocity, Another uztion is
pfovided to yield the modes from a vibration analysis in a punched-

card format for use in flutter analysis by modal methods, | 3

ii
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SECTION 1
INTRODUCTION

The mathematical formulation of the flutter problem resuits in a

. set of integral equations whose closed form solution is impossible to

obtain for most practical problems. One of the most useful approximate

methods of solving these equations is by direct collocation. A solution

by collocation is one in which the equations are satisfied at a finite num-
ber of selected points on the structure, These points, known as collo-
cation points, are satisfied simultaneously, - The collocation solution
results in a matrix formulation which when cast in the canonical form
will yield eigenvalues that are directly related to the flutter stability
paramecters, This manual presents a digital computer program that
will perform collocation flutter analyses. The computer program,
which is written in Fortran IV, was developed by Rodden, Farkas, and
Malcom in Referénce ‘1, . .

The collocation formulation of the flutter problem has beeh pre-
sented in Reference 2. The equations are presented for analysis of
single component systems restrained (cantilevered) in space and for
sysmmetrical systems free in space undergoing either symmetric or_

‘ antisymmetric flutter. A method of generalizing the matrix equation
for free-free flutter to include up to six rigid-body degrees of freedom
has been given in Reference 3. The present program extends the form-
ulation of Reference 2 to include an arbjtrary combination of rigid-body
degrees of freedom {(Ref. 3), and to consider more than one flexible
component. In addition, an option has heen provided to vary the altitude

(i. e, density) as well as the reduced velocity, Finally, options have

heen added to éarry out a vibration analyais (which requires no aerody-

nami~ data) and t({ provide vibration modes in punched-card format for

use in a modal flutter or vibration analysis,
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SECTION 2

Thé NASA body axis system with the x, y, and z axes directed
forward, starboard, and downward, respectively, is recommended for
consistency with the formulation of the static aeroelastic probleras in
Reference 4. However, the usual fiutter convention with the x, y andz
axes directed aft, starboard and downward, respectively, may be used
instead, In either case, the vertical nurmal force and deflection are

positive downward,
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SECTION 3
Y
DERIVATION OF EQUATIONS

The integral equations of aeroelasticity consist of two basic
relationships: The first is the relation between the structural deforma-
tiox:,. the structural influence function, and the inertial and aerodynamic
loadings; the second is the relation between the aerodynamic disturbance
(downwash), the aerodynamic influeace (kernel) function, and the aero-
dynamic pressure, A collocation formulation of the deformation inte-
gral equation for a vehicle free in space may be written in matrix form
by requiring that the integral equation be satisfied at a discrete set of
controlipoints. We choose a single type of coordinate, viz., the deflec-
tion h, as an adequate measure of both the deformation. and the free-
stream disturbance, not only for simplicity in the resulting equations
but also because deflections have a more general meaning on a cambered
vehicle and deflection influence coefficients are more readily obtained
from a structural analysis than slope (or twist) influence coefficients,
The resulting deformation matrix equation is

{n} - {h } = Klaj qFy} + {F, D (1)

where {hl} is the set of components of the absolute deflections of the
control points,:{ho} is Fhe set of components of the deflections of the
control points due to the rigid-body motion of some reference points,
[a) is the set of structural influence coefficients (SICs, or flexibility
matrix) for the s sstem cantilevered from (or otherwise restrained at)
the reference point, {Fi}is the set of ‘nertial force components intc -
grated thraughout the region adjacent to each control point, {F_} is the
set of aerodynamic force components integrated over the vehicle surface
adjacent to each control point, and the scaler K has heen introduced as
e factor to the SICs for convenience in investigating variations in stiff-
ness levels, The inertial forces may be written in terms of a mass

matrix { M] and the control point accelerations,

e am - " . « 1 3
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{F,} = -1/386) {\4] {.h.l} (2)

where the diagonal elements of the mass matrix are found from inte- <

grating the structural mass density throughout the region adjacent to the -
control points, (N.B,, the mass matrix need not be diagonal, and, in
general, will not be so if the elements must be derived from a set of .
weight data previously lumped at a system of control points different fromi
those required in the aeroelastic analysis, The use of a coupled mass
matrix permits simulation of given inertial characteristics at a set of
control points frefuently dictated by more difficult aerodynamic consid-
erations, ) .

A collocation formulation of the aerodynamic integral equation is
more difficult than in the case of the deformation integral equation be-
cause of the ‘singularities in the aerodynamic kernel function, The de-
termination of three relationships is neceisary to derive a set of aéro-
dynamic influence coefficients (AICs) that relate thé control point forces
to the deflections. The most basic and difficult is the pressure-downwash
relation that is derived from numerical analysis of the aerodynamic inté-
gral equation, The simpler relations are the numerical inteégration of
the pressure to obtain the force, and the numerical substantial differen-
tiation of the deflection to obtain the do'wnwash. The effort involved in
each step depend.s or, the planform, Mach number regime, and frequency
range; a survey of the status: of unsteady AICs is given in Ref, 4, For
present purposes, it is sufficient to state the definition of the AICs in the ‘
oscillatory case. We write the ae:-odynamic control point forces in
terms of the control point deflections as

{F,} = usn12)p e[ W(cC,1{h,} (3)

where | Ch] is the theoretically derived dimensionless (complex) matrix
of oscillatory AICs, f is the frequency of the assumed harmonic motion,
p is the atmospheric density, br' is the reference semichord, s is the

reference span, and | W] is an empiricaily derived weighting matrix

Y n'.uv" & ’

E 00 |




for modification of the theoretical AICs. A method for obtaining the

elements of the weighting matrix has been suggested in Ref, 4.

The sum of the force components may be written now from Egs.
(2) and (3) for the case of harmonic motion,

{F,} + {F}

(41:-2f 2/386)([M] + 32,174 pbis[W][Ch]){ux} (4a)

(4v% 2/386)[M){h, } (4b)

We next discuss the¢ manner of inclusion of he rigid-body degrees
of freedom in Eq, (1), The matrix {ho} has been defined as the set of
components of the deflections of the control points due .o the rigid-body

‘motion of the reference point, Each component of the control point de-
‘ﬂ’e_ctions ho is lirearly related to the rigid-body translations and rota-
tions, provided the rotations are small., Therefore, we may define a
i"igid -body modal matri:.: ‘th as the transformation

{n} = [ngl{ag} (5)

. where {aR} is the set of amplitudes of rigid-body translations and ro-

tations of the reference point. As an example, if we consider symme-
trical vertical motion, [hR].is cnposed of two columns: the first is
a unit column corresponding to-the plunging mode, the second consists
of the x-coordinate of each control point corresponding to the pitching
'rr.xo'de; IaRl is composed of two elements: the first is the plunging
.displ?.cement Z the second is the pitching angular displacement 6.
Before proceeding in the derivation, we should review the format

of the various matrices in the case of a multiple flexible component
system, As an example, we consider a symmetrical flutter analysis

of an aircraft whose wing, aft fuselage, and tail are flexible, and whose
forward fuselage may be assumed to be rigid, We assume that the

reference point (cantilever point) can be located in the vehicle such that
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its various components are independent, If we choose a point at the -
intersection of the wing and fuselage, then the wing is independent-of T
the aft fuselage -tail combination, but the tail and aft fuselage muzt't}:g‘
considered together. The motion of the rigid forward fuselage is glq‘te;f
mined by the motion of the reference point, and the forward fuselage
will not enter into any flexible considerations but only into the free- - -
free boundary conditions, From the foregoing, it is seen that the vari-
ous matrices will appear in partitioned form. If we denote the wing

and aft fuselage-tail system Ly the subscripts 1 and 2, respecti\'r‘ely,‘

o e e

LT A LR AL A

then the flexibility' matrix appears as v . VJ, ,
21y Of | ',»‘ :
{a] = -3 po-e o A6)
‘- aa '(\.' . . oot 7
E‘ . the mass matrix as ' ol
, 3 . ..
: E M, 0 .
; % [ M] = ®ome - ) ‘7){-‘
‘_ 0 MZ ‘L
& -
t ' the weighting matrix as =
3 Wl 0 .
[ w] - e ise e e Ce (8)
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the AICS as

Cmi 0
[ch] = ----!----- (9)
0 ;Chz

and the rigid-body modal matrix as
b1

hel = |-—nf (10)
hp2

Two requiren'ie‘nts should be emphasized with regard to the AICs, The

first concerns the proper inclusion of the reference geometry associated -

with the nondimensional AICs. The dimensional form of Eq. (9) may bhe

. written.

2 co.
blleh1 L 0

A (11)
0 T ba82C12

2
brs[Ch] =

where br and s are the reference semichord and span of the composite
system, bl and s, are the reference geometry for the first component,
and b2 and 8, are the reference geometry for the second component.
The second requirement is that the AICs for 2ach component must be
determined for the same '"dimensional" reduced velocity V/w, 1If the

reference reduced velocity is
l/kr = V/brw (12)

the .~ the reduced velocity for the first component must be
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1k, = (k)b /b)) (13)

and, for the second component,

1k, = (1/k )b _/b,) (14)

Both of these requirements can be met in formulating the composite
AICs by choosing the same reference geometry in determining the AICs
for each component,

The rigid-body modal matrix provides the basis for a general
statement of the boundary conditions for the free-free flutter of the

composite system, The boundary conditions for harmonic motion may

be written as
[hg) T[] (h)) + [am] {ag} = {0) (15)

where [Am ] is an incremental generalized mass matrix, including aero-
dynamic effects, of any rigid component of the system attached to the
reference point (e, g., the forward fuselage that was assumed to be

rigid in the foregoing example), * and is not considered in the formula-
tion of the flexible component mass and aerodynamic matrices, The
form of the matrix [Am ] may be illustrated by the previous example
with ~ rigid forward {uselage again in symmetrical motion, We may

wri

[am] = [am] +[aQ] (s

* < s
N. B,: It is assumed that no dynamic coupling exists between the rigid

and flexible components, A suitable disiinction can always be made be -

tween the rigid and flexible components such that this requirement can

he met,
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where the generalized rigid component mass matrix of the forward

fuselage is

[Am] = (17)

Sy Lo

in which Mo. S, and I o 3re the mass, static unbalahce about the ref-
erence point, and pitching moment of inertia about the reference point,
respectively, of the forward fuselage, and the gen'eralized aerovdynarnic

forces on the forward fuselage (if not negligible) are found from
[aQ] = 32,174 pb%s_[h. 1T([C, Jlh, ] (18)
- * PP%6 1 Ro ho Ro

where [hRo] is the rigid-body modal matrix, [Cho] is the set of AICs,
and bo and s, are the reference geometry for the forward fuselage,
Again the AICs must be found for the reduced velocity of the composite
system,

We are now in a position to eliminate the rigid-body degrees of
freedom and to formulate the eigenvalue problem for the flutter of the
flexible free-free system. Substituting Eqs. (4b) and (5) intu Eq. (1),
and adding the structural damping factor 1/(]1 + ig) to the flexibility
matrix to provide the artificial structural damping necessary to sustain

the assumed harmonic motion of the flutter system, we obtain

(hy) - [hgl{ag) = (4n’Ke?/386(1 +1g))a] [M] {n,) (19)
o Miby) - [hp]{ag)) = 2] (M) (h)) (20a)
=[U] {n;} (20b)

9
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where )\ denotes the eigenvalue

>
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N T iN

R [ (21a)

386(1 + ig)/4n K¢ (21b)

Premultiplying Eq. (20b) by [hR]T [M], and multiplying Eq. (15) by %
and subtracting, permits solution for the amplitudes of the rigid-body
motion

Mag) = - [@]" ng ) (M1 (Ulin)) (22)

r}

where
[m] = [hg]T[M](hy] + [am] (23)

Finally, substituting Eq, (22) into Eq., (20b) yields the generalized

matrix equation for free-free flutter
iy} = (1) - (ng (@] (g )T (M U] () (24)

The »lution of Eq. (24) for the complex eigenvalues leads to the free-
fre frequency and the required structural damping. From Eq., (21),

we obt:.in the frequency

£ = (1/27) /386/KxR (25)

and the required structural damping

g = NJ/\

MR (26)

10
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Since the formulation of the AICs requires the assumption of a reduced
velocity 1/ kr' the velocity follows from that and the frequency obtained

in Eq. (25)

U = 0.5921 (anbr)(l/kr) (27)

Equation (24) is seen to be completely general, being applicable
frora the cantilever case (in which we let [hR] vanish) to the case of
six rigid body degrees of freedom, and for a vibration analysis for
which the aerodynamic terms and required structural damping are de-
leted., We observe that Eq. (24) is a matrix formulation of the algebraic
procedures for free-free vibration analyasis described in Ref. 4 (Par.
11.2).

From a series of solutions of Eq, (24) for vario s reduced velo-
cities, the conventional required damping versus velocity stability
curve can he constructed for a specific altitude, and the flutter pointis
determined as the velucity for which the required damping and actual
damping are equal, An alternative approach to the flutter analysis is
based on a single representative reduced velocity and a series of solu-
tions of Eq., (24), carried out for various densities, The density at
which the required damping and actual damping are equal may be used
to find a stiffness -altitude similarity parameter for flutter from which
the flutter stability may be determined, However, at present, the va-
lidity of this latter approach requires further investigation, particularly
the sensitivity of the results to the choice of representative reduced
velocity,

The generalized mass corresponding to each free vibration mode
is of interest in various modal analyses of flying qualities, stability
and control characteristics, or transient response of flexible vehicles,

If £q. (24) is solved for the free vibration modes (by deleting the aero-

dynamic terms) then the n'th generalized mass is given by
m® = WM B + ) Tlam] (i (28)

11
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where {hgn)} is the n'th {ree vibration mod . and the corresponding rigid

component mode it found froin Eq, (42)

(n), _
{aR } - *

41721(

386
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SECTION 5

DESCRIPTION OF PROGRAM INPUT {

UNITS
The dimensional data required for each component consist of the
mass matrix in pounds, the flexibility matrix in inches per pourd, and ;

the reference semichord and semispan in feet. The aerodynamic influ-

ence coefficients are dirnensionless. In tl.e case of free-free analysis,

“ ’

the rigid-body mass martrix, e.g., in a symmetrical analysis if So and -
Iyo are given in tne foot-pound system, the x-coordinates which corre- -
spond to the rigid body pitching mode must be measured in feet, whereas -

if So and Iyo are given in the inch-pound system, the x-coordinate must

be measured in inches. The density is required in slugs per cubic foot.

CLASSES OF DATA AND PROBLEMS -
Five classes of data must be provided: mass, aerodynamic influ- N

ence coefficients (AICs) and their weighting matrices, structural influ- '

ence coefficients, the rigid-body motion modal matrix, and the rigid e

component generalized mass characteristics. The cantilever case does
not require either the rigid body modal matrix or the generalized masses. & -
(For a vibration analysis, the aerodynamic input is not requirec.)
Several classifications of problems may be analyzed using the
collocation flutter analysis program. They are cantilever flutter
analycis — the structure is restrained from plunging motion. Free-
free ..utter analysis the structure is free to pitch, plunge, and roll.
The 2-free cases may have rigid components and flexible components.
However, when flexible components are coupled together, the structural
atta-hment between component must be statically determinate. When
rigid body components are used, any number up to six rigid body modes
may be used. Also vibration analyses may be performed when zero

acrodynamic forces are used.

14
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PROGRAM RESTRICTIONS AND OPTIONS

1. The maximum number of cbntrél points that can be used for
all flexible components of any system is 49. A maximum of 49 control
points may also be used for the rigi¢ component for the purpose cf de-
riving the generalized aerodynamic force.

2. The maximum number of flexible components is 20.

3. The maximum number of values used in the reference reduced
velocity (I/KR) series is 20,

4, The maximum number of values used in a density series is 20,

5, The program provides for varying the densities with each
(1/Kg) or for using the same donsities with all (I/KR)'s.

6. The maximum number of output modes is 25.

7. The maximum number of rigid-body motion mndes is 6.

8. It is possible to reserve a part{tion in the vpper left-hand
corner of the flexible components AIC matrices ior control points whose
aerodynamic forces may be neglected or found from.an alternate theory
to that used for the primary control points. This partition is termed
the external stores region since external stores are an example of a
source of additional control points requiring such special consideration.
The maximum number of control points that can be reserved on each
flexible component for external stores is 48. .

9. A weighting matrix is an optional input for each fiexible compo-
nent. The order of this matrix must be identical with the order of
the AIC matrices for the particular component.

10. Any number of complete sets (decks) of input data may be
stacked and run in one ma-hine pass.

DATA DECK SETUP

Loading Order

The data decks are assembled using cards punched from keypunch
forms and/or card that are punched-card output from appropriate com-~

puter programs. The data items in each deck have the following order,

15
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‘é 2 with the exception that some of the items may be omitted if indicators B
; § usad in the control cards specify their absence. T
' &
X l. Title card
- ; «. Data deck general control card 3
; 3. K card (flexibility matrix scale factor) +
i 4. Data card for change in matrix iteration tests ]’
l §; 5. Control card(s) for external stores and weighting matrices :
é 6. Reference semichord (br) and reference reduced velocities I
& (1/k)'s - ,
;} 1. Reference_semichord (bri) and reference semispan (Si) for
2 - rigid and flexible components (surfaces) I
E; 8. Density series (if same densities are used for all (I/kr)‘s .
9. (Generalized mass matrix ([Am]) for rigid component< }
10. Mass matrix ([M]i) for each flexible surface ‘
11. Rigid-body motion modal matrix ([hg ]} for rigid component ]‘
: 12. Rigid-body motion modal matrix ([hRi]) for each flexible )
surface T

13.  Flexibility matrix ([a]i)
14. Weighting matrices ([W]i)
15, Aerodynamic input repeated for each (l/kr)
a. Density series cards (if densities vary with each (1/k )
b. AIC matrix ([C, ]} for rigid component (if present) .
AIC matrix ([Ch]i) for each flexible surfac~

v
L3

Inpu Data Description

"1, The title card may contain any alphanumeric characters
desired in Columns 2 through 72.

2, Data diéck general control card (FORMAT 18H4):

Col 1-4 5-8 9-12 13-16 | 17-20 | 21-24 | 25-28 29-32 l33—36

A

A

Name |[NSUR [NAERO |NRIGID | NFUS |NDENS | MODES | NDELM | NPUNCH | NCOM
Ficld | (1) (2) (3) (4) (3) (6) (7 (8) (9

e

-~

16
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NEUR:
NAERO:

NRIGID:

NFUS:

NDENS:

MODES:
NDELM:

NPUNCH:

NCON:

Number of flexible components (surfaces), =20,

Number of reference reduced velocities, =20; NAERO =
0 is used for vibration analyses.

Number of rigid-body motion modes to be input (= num-
ber of columns in ([hR]); NRIGID = 0 for the cantilevér
case.

NFUS must = 1 if AICs ([c ]) ., j = 1, NAERO are input
for the rigid components; NFUS 0 if [C o] is not input.
If NDENS = 0 the densities are to vary with each 1/k

and are input as part of Item 15; if NDENS>0 this number
of densities must be input as Item 8, and each density
value will be used for all (l/kr)'s.

Number of output modes, =25,

NDELM = 0 if no rigid component generalized mass
matrix ([Am})is input; NDELM = 1 if [Am] is input.

This indicator is used to obtain a printout of the dynamic
matrix ((U)]) and to obtain the frequencies and modes in
punched-card format; NPUNCH = 0 if no printout of [U]
or punched output is desired; NPUNCH = 1 if only punched-
card output is desired and NPUNCH = -1 will provide the
printout of [U] and the punched output. (The minus sign
must be in Column 29 and the 1 (one) in Column 32.)
This indicator provides for changing five program test
numbers used in the matrix iteration subroutine; NCON =

0 if no changes are desired and NCON ¢ 0 if any of the
tests is to be changed.

3. Kcard (FORMAT 6El2.8)

Col 1-2

Name K \

Field (1) 3
L 1

17




ity etk I s 4

Field 1 contains K, the flexibility matrix normalizing constant; if the

[a]) matrix has not been normalized, enter K = 1.0.

The flexibility

matrix calculated by the program FLUENC has not been normalized.

4.

3E12.8 and 214).

Thc_are are three

Dat« card for changes in matrix iteration tests (FORMAT
Omit this card when NCON = 0.

test numbers and two control numbers that define the convergence cri-

teria for the flutter eigenvalue solution.

A suggested set of numbers
are huilt into the program; these, however, may be changed by the

program user. To alter any number, all five numbers must be reentered.

=‘A
Col 1-12 13-24 25-36 37-40 41-44
Name |EPSP | EPDP | AITKEN | NITRSP | NITRDP
Field (1) (2) (3) (4) (5)
t L ~ L ..L ol
EPSP = 0.5 x 10'6 or input number; test for eigenvector conver-
gence when the iteration procedure is approaching a single root.
EPDP = 0,5 x 10“7 or input number; test for convergence when the
interation procedure is approaching a pair of close roots.

AITKEN = 0.9 or input number; if this test is met, the program
uses a procedure (known as Aitken's 62 method) to
accelerate convergence.

NITRSP = 40; a maximum of 40 single precision arithmetic itera-
tions will be performed for each eigenvalue if its eigen-
vectors have not converged in a lesser number.

. ITRDP = 100; if the eigenvectors for any one eigenvalue have not
converged in NITRSP single precisions iterations, the
program will then use up to a maximum of 100 double
arithmetic iterations.

5.

(FORMAT 1814); omit this data when NAERO = 0,

18

Control card(s) for external stores and weighting matrices
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Col 1-4 5-8 9-12 13-16
| 4
Name l'SXTl BWI ISXTz ISWZ .
Field 1 A 3 4 A
1 | L l

Continue on successive cards to ISW; = IszSUR'

ISXTi = Number of control pointa reserved for the external
stores on surface i.

ISWi = 0, no weighting matrix is to be input for surface i.
= 1, weighting matrix is to be input for surface i.
Continue on next card, until i = NSUR.

6. Reference semichord, b, and reduced velocity (l/kr) series

(FORMAT 6E12.8): These reference parameters are used in computing
the flutter velocities,

Col 1-12 13-24 25-36 37-48 49-60 61-72

Name | b | (1/k) | (M/k)y | (M/k)y | (/) | (1K)
Field | (1) (2) (3) (4) (5) (6)

~ "L < !L ~N AL L

Continue (1/ kr)i's on next card(s); i<20. The br(feet) may be any value;
but it is noted that the (l/kr)i predetermines the (1/ ki) used when com-
puting the AIC matrices for each surface. The l/ki for surfacei is
found from the relationship (llki) = (llkr)(br/bri) where bri is the
reference semichord for surface i.

7. A reference semichord (bri) and semispan (’i) must be input

for the rigid component if NFUS = 1, and for each flexible surface if
NAERO>0. :

19
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When NFUS = 1| (FORMA'l 6E12.8)

NS e T
NSNS sy e

- Column 1-12 13-.24 25-36 37-48 49-60 61-72
! Name bro | 1o bry or) bra or2
Field (1) (2) (3) (4) (5) (6)
|
* Where bro and 8r, are the reference semichord and semispan {cr the
3 rigid component. Continue on next card(s) until b"i = brNSU‘ R and
i 8ri * SrNSUR'

~ When NFUS = 0 (FORMAT 6E12.8)

| Column 1-12 13-24 25-36 37-48 49-60 61-72
Name br) 8r) byy 8rp - brgy 8ry
# Field (1) (2) () @ | (6)
| | 1 ] 1

Continue on next card(s) until by, = bryeyp and 85, = 8pycun.

8. Density series (FORMAT 6EIl2. 5): Omit this input if NDENS=0
in Item 2. If NDENS>0 begin in field 1 of this card and NDENS densities,
€ 20. Continue on successive card(s).

C .umn | 1-12 13-24 | 25-36 37-48
Naiwno ' Pl P2 P3 Py .
Field ‘ 1 2 3 4

TR
cladian
]

9. Rigid component general?zed mass matrix fAm]The[Am] mat;ix h
forthe rigid component(s) of the system must be compatible with the flex-
ible surfaces product matrix given by [hR]T[M] [hR], i.e., each element
in [Am] is based upon the same rigid-body motion generalized coordin-
ate as the respective element in the product matrix. Input by column
beginning each column on a new card. Orhit this data when NDELM = 0.

20
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Col | 1-12 |13-24 25-36 |
Name Aml,l Amz’l an’l . 1 Am(NRIGID-l).l AmNRIGID,l
Field | (1) (2) 3 | | (NRIGD-1) (NRIGID)
]

Continue on successive card(s) until

10. Mass matrix [M]: The mass matrix is partitioned as shown
on page A-1C, only the nonzero partitions are input; i, e,, a separate
mass matrix ([Mi]) is input for each surface. The sequence for con-
sidering the surfaces is the same as that used in Item 5 and 7 if
NAERO>0. Repeat the following input for each surface fromi = 1to
NSUR.

Size Control Cards

Column 1-4 5-8 9-12

Name NSIZEi

Ficld (1) (2) (3) ;
L4

NSIZE, = the order of [M]i

Ofte’ n.any of *the elements in a mass matrix are zero; the following
forma. has been provided so that most of the zero elements will not

need to be entered into the program as data.

Control Card(s) for Omitting Zeros (FORMAT 1814)

kY 2
L 4 L3

Column 1-4 5-8 9-12 13-16 17-20
Name LOW 1 LHIGH ] .L.OW2 I..HIGH2 LOW3 LHIGH {
Field (1) (2) (3) (4) s | ] ()

L L AL NL ‘L
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1

appears in Column i.

it

appears in Column i.

The row number in which the first nonzero element

The row number in which the last nonzero element

If only one nonzero element appears in Columni (i.e., a diagonal mass
matrix) the row number in which it appears must be used for both LOW

and LHIGH.
Mass Matrix Elements (FORMAT 6E12.8)
<
Col 1-12 13-24 25-36 ' .
[ § |
Name am; ; ow| 4m1, LOWHam) ;owsal |%®), LHIGH-]°™), LIGH
Field (1) (2) (3) ‘_ f '
| 4

The elements are entered by column; each column begins on a new card.

Any zero elements in rows between LOW and LHIGH must be entered
or their respective fields left blank.

If external stores are present

(ISXT>0) all store control points must be entered before the surface
control points; i.e., the elemenfo representing the external stcres
' mass must occupy the upper left-hand corner of the mass matrix.
11. Rigid component 1nodal matrix, [hRo] (see page. 7 ). Omit
this input when NFUS = 0. The number of rows in [hRO] must be the
same as the number of control points considered when computing the

[Cp, | matrices; the number of columns must agree with NRIGID.

Column
Name

Field

Size Control Card(s) (FORMAT 18H4)

1-4 5-8

NROWS

A

(1) (2)

Ly

~

v

NROWS = The number of rows in [hg ]
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Matrix [hRO] Elements (FORMAT 6E12.8)

Column 1-12 13-24 25-3¢6 37-48 | 49-60 61-72
Name |hR.) | | BRo2,1 | PRo3, 1| **++ | **** | PRonRrOWS, 1’
Field (1) (2) (3) {4) (5) (6) :

The elements are entered by column, with each column beginning on a
new card.

12. Rigid-body modal matrix, [hg] (see page 7). Omit this in-
put if NRIGID = 0. [hR] is to be input by partitions [hR]i’ each partition
is of order (NSIZE x NRIGID) for each surface. Tl.e following data. is
to be repzated for i = 1, NSUR.

Size Control Card (FORMAT 18H4)

Column 1-4 5-8 E .
. I
Name NSIZE
Field (1) (2) A
. {
NSIZE = Number of control points on each surface
Matrix [hR]i Elements (FORMAT 6E12.8)
Column | 1-12 | 13-24 | 25-36 | 37-48 | 49-60 61-72
Name th. l th' 1 hRB, l ce e R hRNSIZE’ l
Field (1) (2) (3) (4) (5) (6)

The elements are entered by column, with each column beginning on a

new card.

23
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13. Flexibility matrices, [a] (see page 65. '“Ti.}"e —ﬂexib{iity matr‘i.;c-'—
is partitioned, only the nonzero partitions [a]i corresponding to the
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flexible surfaces are entered. The matrix may be formed by any of
the well-known procedures using elementary bearn theory, force or
displacement methods.

peated for i = 1, NSUR.

Control Card (FORMAT 1814):

The program FLUENC will generate this matrix
using the displacement method. The punched output from FLUENC may
be used as direct input into this program. The following data is re-

Column | 1-4 5-8 9-12 13-16

—
Name m, (BLANK) | IFORM | IROW
Field (1) 12) (3) (4) B

!

b “

b

L,

m, = The number of rows in [a]i

IFC-M = 0 if the elements are to be input using column

binary format.

= 1 if the elements are to be input using FORTRAN
(FORMAT 6E12.8) or FLUENC output is to be used

@

-t

BL)

-

directly.
0 if the matrix elements are to b¢ entered by

IROW

< e i i T ~ e
O S s L T L IR

column.

1 if the matrix elements are to be entered by row.

Matrix {a.]i elements (use format specified above):

st e

R e T

C. . mn
Name

Fi.ld

For IFORM = ! and IROW = 1 (FORMAT 6E12.8)
1-12 | 13-24 | 25-36 | 37-48
4,1 ) %1,2 | 31,3 | 21,4 N
I §
(1) (2) (3) (4)
.:_!‘
r. " ‘L JL J,' dl

Each row starts on a new card.
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For IFORM = 1 and IROW = 0 (FORMAT 6E12.8)

Column 1-12 13-24 25-36 37-48 ,
Name a.l’ 1 az’ 1 ‘3. 1 a4‘ 1 R
Field (1) (2) (3) (4)
%
,L & < aL <

Each column starts on a new card.

If IFORM = 0, then IROW must = 0: The matrix elements 2re input
using column binary format; Column 1 starts in Origin 1. Column 2
starts in location (1 + mi); ‘Column 3 starts in location (1 + Zmi); etc.

A TRA'card must end each [ai] deck., (The column binary forrmat should
be used only if the data are available as punched-card output from «p-
propriate computer programs.) The only advantage of the C-B format
is the minimum card storage space required.

14, Weighting matrix, [W] (see page 6), The weighting matrix
is partiticned, only the nonzero partitions [W]i corresponding to the
flexible urfac. are entered. No provisions have been made for enter-
ing a [Wu]i matrix {u~ the rigi¢ component; any adjustment to [Chc.]
must be made before it i8 input as data, If ISWi = 0 omit this data.
Repeat the following data for i = 1, NSUR.

For (ISW)i = 0 and (ISXT)i>0

Conirol card foi external stores elements (FORMAT 1814)

Column 1-4 5.8 9-:2 13-16 .
r""—‘ —
Name | NXST, |.BLANK) [NFORM | NROW
Field (1) (2) (3) (4) -
4 L - L & -

che em——— . i —a sro

*The TRA card has a 7 and9 punch in Column 1, Column 2 through
72 are blank and Column 73 through 80 will contain the characters used
for identification and seuencing in the punched card output deck.

25
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NXST, = 0 if no [W ]i matrix is input for the external stores
area (the program will use a unit matrix, I)
= n the number of control points reserved for stores.
NFORM = 1 if the [W]i matrix elements will be input using
FORTRAN (FORMAT 6E12,8)

- 0 if the elements are to be input using column
binary format

NROW = 0 if the (W, ] matrix elements are to be input by
column '
= 1 if the matrix elements are : .: input by row

External stores elements [W]i. Format given on control card above.

For NFORM =1 NROW =1

Column 1-12 13-24 25-36 37-48 -,
Name Wig | Wiz | Wis | Wi B
Field (1 (2) (3) 4 )
-

& P ~ A -y

Each row starts on a new card.
For NFORM = 1 NROW =0

Ce wmn 1-12 13-24 25-36 37-48 .
Nah ? Wl. l wZ. 1 ws. 1 W4’ 1 .
rield ) (2) 3 (4) A
-]

A A A A <

Fach column starts on a new card.
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I NFORM = 0, then must NROW = 0: The matrix elements are ingut
using column binary format; Column 1 starts in Origin 1. Column r

‘starts in location (1 + IXST,); Column 3 starts in location (1 + 2IXST,);

etc. A TRA card must end each [ai] deck. The column binary format
should be used only if the data are available as punched-card output
from appropriate computer programs. The only advantage of C-B-
format is the minimum card stoi'age space required.

Control card for flexible surface weight{ng matrix [W]i

(FORMAT 1814) The [wi} matrix is often sparse, rometimes
diagonal and may be of large order, =49; for this reason we provide
for partitioning of the matrix and entering only the nonzero partitions.

s :~—<~:me%§'?-ﬂ!-‘_?‘fff"fr§,§?

Column 1-4 5-8 9-12 13-16
Name | NSIZE, | NPART | NFORM | NROW B
Field (1 (2) (3) (4)

o L JL -~ J -] J v

NSIZE = The number of control points used on surface i.
Do not include control points for external stores.
NPART = The number of partitions in the [wi]j surface matrix
NFORM = 1 if the [W]i will be input using FORTRAN (FORMAT
6E12,8)
= 0 if the elements are to be input using column
binary format

NROW = 0 if the [wi] matrix elements are to be input by

column

1 if the matrix elements are to be input by row

27
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Repeat the following two data item for each partition j = 1, NPART.

Column
Name

Ficld

Elements in partition [Wi "j’ Format given on the couiso! card for

Control card for partition [wi]j FORMAT (1814)

1-4 5-8 9-12 13-16 17-21
N; .
(1) (2) (3) (4) (5)

4

flexible surface weighting matrix.

Column
" Name.

Field

C u.nn
Name

Field

N, = The order of partition j of [Wi]

NFORM = 1 NROV, "= 1.
1-12 | 13-24 25-36 ,37\-,43‘3 j
Wi [ W2 [ | Wia 4
W @ & |« - -

Each row starts on a new card.
NFORM =1  NROW = 0

112 ] 13-24 | 25-36 | 37-48 j
Wie | Y21 | W, | Wa o
m | @ | @ | @
.

PO

Each column starts on a new card.
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If NFORM = 0, then must NROW = 0: The matrix elements are input
using column binary format; Column 1 starts in Origin 1. Column 2
starts in location (1 + D(STi); Column 3 starts in locationh (1+ ZD(SIi)
etc. A TRA card must end each [ai] deck. The column binary format
should be used only if the data are available as punched-card output
from appropriate computer programs. The only advantage of C-B
format iz the minimum card storage space required.

For (ISW)i = 0 and (IISXT)i =0

Control card for flexible surface weighting matrix [W]i (FORMAT 1814).
The [Wi] matrix is often sparse, sometimes diagonal and may be of
large order, =49; for this reason we provide for partitioning of the

matrix and entering only the nonzero partitions. Repeat the following
data for i = 1, NSUR.

; Column | 1'x ! 5.8 | 9-12 |13-16 | 17-20 B
5 Name |NS':... éNPART NFORM | NROW

Fed [ (1 @ | @ | @ | )
! 4 J, 4 4 & A )

NSIZE = The number of control points used on surface i
NPART = The number of partitions in the {wi]j surface matrix
NFPORM - 1 if the [W]i will be input using FORTRAN (FORMAT

I3

CRBGAEDT, ¢ PG, TR I RO T S T A PR

6E12.8)

= 0 if the elements are to be input using column
binary format

NROW - 0 if the elements are to be input by column

i

- 1 if the elements are to be input by row

PR

Repeat the following two data items for each partition j = 1, NPART.
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Control card for partition [wi]j FORMAT (1814)

Column 1-4 | 5-8 | 9-12 13-16 R
Name N.
J 4
Field (1) | (2) (3) (4)
A 'JV JL A~ Jh

N.i = The order of partition j of [Wi]

Elements in partition [wi]j format given on the control card for flexible
surface weighting matrix.

-

NFORM =1 NROW =1

Column |1-12 | 13-24 |25-36 |37-48

Name W, | Wy 2 [Wy,3 [W),4

Fiew () (2) 3y [(4)

FEach row ctarts on a new card.

NFORM =1 NROW = 0

Cciumn | 1-12 13-24 | 25-36 | 37-43

Name | Wy | W 1| W3 1| Wy,

Ficld (1) (2) (3) (4)

Each column starts on a new card.

If NFORM = 0, then must NROW = 0: The matrix elements are input
using column binary format; Column 1 st-.rts in Origin 1. Column 2
starts in location (1 + mi); Column 3 starts in location (1 + Zmi); etc.

A TRA card must end each [ai] deck. The column biﬁary format should

30
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‘qed only if the data are availabl: as punched-card output from ap-
propriate computer programs. The only advantage of C-B format is
the minimum card storage space required.

15, Aerodynamic data: The aerodynamic input consists of
NAERO sets of AIC's. Each set of AIC's consists of the AIC's for
each surface which have the same reference llkr (see Item 6). If
NDENS = 0 a density series will precede each set of AIC's. Input the
density series (if Item 8 was omitted) and the AIC matrices for each
surface with the following input order. Repeat the order for each
(I/kr)j j = 1,NAERO.

Control card for density series (FORMAT 18I4). Omit this input if
NDENS>0.

Column 1-4 5-8] 9-12 13-16 .
Name NRHO
Field (n @ | o (4)

o ~ ~ ~ A

NRHO = The number of densities to be entered for

(1/k) j=20
Density Series (FORMAT 6E12.8)

Column 1-12 13-24 | 25-36 37-48
Name Py Py P3 Py X
Field (1) (2) (3) (4) -

~ A ~ R P ~

Rigid component AIC matrix [Cho]j‘ Omit this input if NFUS = 0. The

l-Chon matrix may be sparse; thus, provision has been made to parti-

tion the matrix and enter only the nonzero partitions,
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Reference 1/ k for (Cho]j (FORMAT 6E12.8)

Column | 1-12 | 13-24 | 25-36 | 37-48

Name 1/k

Field (1) (2) (3) (4)

l/k = The reduced velocity used in computing the rigid
component [Cho]j' The AIC's in [ChO] must be
computed for a 1/k which properly rel.tes them to
the jth k.

Control card for [Cho]j matrix (FORMAT 1814)

Column 1-4 5-8 9-12 13-16

Name NSIZE |NPART | NFORM| NROW
Field (1) (2) (3) (4)

NSIZE = Number of control points on the rigid component

NPART = Number of nonzero partitions in [Cho]'
= 1 for an unpartitioned matrix
NFORM = 1 if the [Cho]j matrix is to be input using FORTRAN
(FORMAT 6E12.8)
= 0 if the [Cho]j matrix is to be input using column
binary format
NROW =

1 if the [Cho]j matrix is to be input by row

0 if the [Cho]j matrix is to be input by column

Repeat the following data for each partition, K = 1, NPART.
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Column | 1-4

Name

Field

Partition Size Card (FORMAT 1814)

Zar i UL ]

g Y VU

5-8

9-12

13-16

N

(1)

2 | 3

(4)

N = The order of partition k

Elements in partition K of [ChO]j. Format is given on the control card
for [Cho]j matrix. All the elements in the AIC matrices are complex
numbers, but the complexity is considered in the program. Thus, each
partition may be input as though it is a real matrix of size Nx2N. The

real elements form the odd number columns’ and the imaginary ele-
ments in the even numbered columns. .

For NFORM =1 NROW =1
Column 1-12 13-24 ] 25-36 37-48 .
Name at(Re)l’1 a(I)l'l a.(Re)l,z a.(I)l'Z X
Field (1) (2) (3) (4) -
~ A ' 4 < A
Each row starts on a new card.
.For NFORM =1 and NROW = 0
Colunn 1-12 13-24 25-36 37-48 | 49-60
Name ;l(Re)l’ | a.(I)l’ 1 a(Re)Z, 1 a(I)Z' 1 ‘
Field (1) (2) (3) 4 | 5 -
- 'L ~ A ~

Each column starts on a new card.
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For NFORM = 0, NROW must = 0, Use column binary format. Column

1 starts in card Origin 1, Column 2 in location (1 + 2N), Column 3 in
location (1 + 4N), etc. A TRA card must end each deck. The column
binary format should be used only if the data are available as punched-
card output from appropriate computer programs, The only advantage

of C-B format is the minimum card storage space required.

Flexiblc component AIC matrix [C,],. The AIC matrices are
often sparse; thus, a provision is made partitioning the matrix and
entering only the nonzero partitions. The following data is repeated
for i = 1, NSUR.

For BXT1>0.

Control card for external stores partition of the surface i
AIC matrix [ch]ij (FORMAT 1814}

.
Column | 1-4 5-8 9-12 13-16
—
Name NXST | (BLANK) | NFORM | NROW
Field (1) (2) (3) (4)
A - - d A A

NXS'I‘i = Number of control points reserved for external stores

NFORM = 1 of the matrix elements are to be input using
FORTRAN (FORMAT 6E12.8)

0 if the matrix elements are to be entered using

column binary format
NROW

1 if the matrix elements are to be entered by row

Elements for external stores partition of AIC matrix [Ch]ij
For NFORM = 1 and NROW =1

o

Column | 1-12 13-24 | 25-36 37-48

P

Name ia(Re)l’ 1 a(I)l’ ) a.(Re)l,2 :;.(I)l’2
Field (1) (2) (3) (4)

~

~

~ < Ai
Each row begins on a new card.

34

0 if the matrix elements are to be entered by column
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Colurun

Name

Field

If NFORM = 0 then NROW must = 0 use cvlumn binary format,
Column 1 starts in card origin 1, Column 2 in Lucation (1+ZNXTi),
Column 3 in Location (l+4NXSTi). etc. A TRA Card must end each
deck, The column binary format should be used only if the data are

Viee BN RTIT O aStaar

For NFORM = 1 and NROW = 0

1-12 13.24 25-36 37.48
a(Re)i.1 {a(I)1,1 | a(Re)2,1 | a(Re)2,1
(1) (2) (3) (4) )
& A

available as punched-card output from appropriate computer programs,
The only advantage of C-B format is the minimum card storage space
requirements.

Column
Name

Field

1/1<i

Reference 1/ k,; card for control point AIC matrix [Ch] i

FORMAT (6E12,8)

1-12 | 13.24 | 25-36
1/k
(1) (2) (3)
<4 A -L
= The reduced velocity used in computing the flexible
component [C ij* The AIC's must be computed for a

l/k.l' which properly relates them to the jth 1/k .
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Control card for control point AIC matrix [Ch]ij (FORMAT (1814)

Column
Name

Field

NSIZE
NPART
NFORM

NROW

Repeat the

1-4 5-8 9-12 | 13-16 ‘
NSIZE | NPART | NFORM | NROW
(1) (2) (3) " (4)
L -~ uL ~ . ~

Order of control point AIC matrix [Ch]ij

Number of partitions in lch]ij

= ] matrix elements are to be input using FORTRAN
(FORMAT 6E12.3)

= 0 matrix elements are to be input using column binary
format

= 1 elements input by row,

0 elements input by column,

following data for j = 2, NPART. j =1 corresponds ‘o the

external stores partition

Control card for partition size of partition j FORMAT (18J4)

Column

1-4 | 5-8] 9-12]

Name

Field

m @1 (3)

N = Order of partition j
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Elements of control point AIC matrix ICH]i j partition j
9

For NFORM = 1 and NROW = 1 (FORMAT 6E12, 8)

Column
Namne

Field

Column
Name

Field

1-12 13-24 25-36 37-48 -,
a(RE)1,1 | a(I)1,1 | a(Re)1,2 | a(I)l,2
(1) {2) (3) (4) )
4 nL A 4
Each row starts on a new card
For NFORM = 1 and NROW = 0 (FORMAT 6E12, 8)
1-12 13-24 25-36 37-48
a(Re)l,1 |a(l)l,1 | a(Re)2,1 | a(l)2,1
(1) (2) (3) (4) .
A L J. .JL

Each column starts on a new card

For NFORM = 0 then NROW must = 0 use column binary format,

Column | starts in card origin 1, Column 2 in Location (1 + 2N),
Column 3 in Locatitn (1 + 4N), etc.

A TRA card must end each deck,

The column binary format should be used only if the data are available

as punched card output from appropriate computer programs, The oniy

advantage of C-B format is the minimum card storage space

requirements
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For ISXTi =0
Reference l/ki card for control point AIC matrix lchlij

FORMAT (6E12,8)

Column. 1-12 | 13-24 ] 25.36

Name l/ki

i
i

1

i

I

Flew [ [ @ [ — !
| I
l

|

]

]

I

TP PRI Y NP PIRY S s 27 o)

3
E _ ,
1/ ki = The reduced velocity used in computing the flexible 1
‘ component [Chlu The AIC's must be computed for a z
‘ 1/k; which properly relates them to the jth 1/k .
. i
Control card for control point AIC matrix lchiij FORMAT (1814)
Column | 1-4 5-8 9-12 13-16 \ i
% Name | NSIZE | NPART | NFORM | NROW i ;
Field (1) (2) (3) (4) o *
¥ t
: 4 L i 4 L
i NSIZE = Order of control point AIC matrix lch]ij -
3 NPART = Numbet of partitions in [ch] i .
NFORM = ] matrix elements are to be input using FORTRAN
3 ' (FORMAT 6E12, 8) B
= 0 mat.ix elements are to be input using column binary "
format, -
NROW =

1 elements input by row

0 elements input by column

38




-

R T A PECia 31
L R SIS Y R Rt 2 1Y

TITTEVER TRV TR ETETUL Tepraer L T g TR R s e

Repeat the following data for j = 1, NPART,

Control card for partition size of partition j FORMAT (1814)

;‘g‘
3
B
E

Column | 1-4 | 5-8 | 9-12
Name ° N
Field (1) (2) (3)

N = Order of partition

Elements of control point AIC matrix lch]i j partition j

For NFURM = 1 and NROW = 1 (FORMAT 6E12.8)

ey emy demg e Y AN SBS N R B

% Column 1-12 13-24 | 25-36 37-48 ;
: Name a(Re)1,1 |a(I)l,1 | a(Re)l,2 | a(D)l,2 :
1 Field (1) (2) (3) (4)- -
5 1 Each row s;;rts on a”new card - -

{ N For NFORM = 1 and NROW = 0 (FORMAT 6E12, 8)

E % Column 1-12 13-24 25-36 37-48 ;
Name a(Re)1,1 | a(D1,1 | a(Re)2,1 | a(l)e,1 ﬁ
oy Field () (2) (3) (4) -

1 1 J i) 1

For NFORM = 0 then NROW must = 0 use column binary format,

Column 1 start in card origin 1, Column 2 in Location (1 + 2N),
Column 3 in l.ocation (1 + 4N), etc.

A TRA. card must end each deck,

The column binary format should be used only if the data are available

as purched card output from appropriate computer programs,

The only

advantage of C-B format is the minimum card storage requirements.
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SECTION 6
DESCRIPTION OF PROGRAM OUTPUT

Printed Output

1.
2,

4.

5.

All input data,
The dynamic matrix or flutter determinant if NPUNCH = -1
is used in the general control card.

© For the vibration analysis or 1or each l/kr in a flutter analysis

a. The eigenvalue for each output mode followed by the
number of singie- and double -precision iterations and
the number of Aitken accelerations,

b. The normalized eigenvectors (modes) followed by the
check eigenvalues and eigenvectors.

c. The frequencies (omegas) in cycles-per second followed
(in a flutter analysis) by the structural damping coefficient
and the velocity (knots) assoicated with each frequency,

d. If NPUNCH = %1, the sequencing numbers used for identi-
fying the punched-card output (frequencies and modes);
this will conclude the printout for each llkr used in a
flutter analysis,

In a vibration analysis, the generalized mass corresponding

to each output (free vibration) mode will follow the abzve

printed output [ see Eq, (28), Section 1].

A number of different statements may be printed which indicate

machine or program detected errors in input data (wrong for-

mat or incompatibility in the number of rows input for a matrix
and the number designated),

If the program or the machine fails in the iteration portion of

the program, a note will be printed stating the type or cause
of failure,
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7. If convergence is not obtained in the allowable number of
iterations, a note will be printed and the program will con-
tinue, (In this case the eigenvalues and eigenvectors should
Le compared with the check eigenvalues and eigenvectors to

determine if the convergence is sufficiently accurate,)

8. The printed output for the example problem is shown on the
following pages.,

D UER—— R L RS e b R e L L

AR

t
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ké SECTION 7
£

3 EXAMPLE PROBLEMS

As example problems, we choose a cantilever flutter analysis and
a free-free symmetric flutter analysis of the jet transport wing (and
rigid fuselage) treated throughout Ref, 5 and shown in Figure A-1. The

e b e

PASROENPIS

wing mass, flexibility and aerodynamic matrices and the fuselage aero-
dynamic matrix (symmetric case) can be seen in the example problem

i printed vutput (pages 41-62) and will not be repeated with the list of in-

; put Jata to follow, The flexibility matrix normalizing factor is K = 10"'7

The wing weighting matrix is taken as unity ([1]) and, in this case, re-

: quires no input. The symmetrical rigid component (one -half of the

; fusela.g.e) generalized mass matrix is given below in the pound-inch
1 system
M S
: o o 17, 400 1, 370, 250
(5 [Am] = =
| So Iy’o ;.1’ 370,250 4,457,907, 200
3 25% CHORD
35% ELASTIC AXIS

—
vy MR I

!

PITCH AXIS = ==t »
225" Xz

l.k‘
45
ROLL AXIS

¥, 575

Figure A-1, Jet transport wing geometry,
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In the antisymmetric case, the rigid component generalized mass matrix

would be [Am] = (1 xo]' and in the composite longitudinal-lateral case,
the generalized mass matrix would be

Mo So 0
[Am] = So Iyo 0
0 0 Ix o

The symmetrical case requires the two rigid-body degrees of freedom
of plunging and pitching. The rigid-body modal matrix, therefore, con-
sista of two coiumns: a unit column, and a columa of the x-coordinate
of each control point, The rigid-body modal matrix for the wing is

r L

1 20,25

1 -81.00

1 17.85

1 -71.40

[hg] = [1 x] 1 15,80
1
1
1
1

"63. 20 "
13, 30 -

"53. 20 )
11,05

: Ll -44, Z(L

The rigid- body modal matrix for the fuselage is"

-373. 30
-248, 30
-123, 30
+ 1.70
+126. 70

[hp ) =11 x] =

St pt St Dt P

Note that the above matrix is used in computing the incremental gen-
eralized mass which results from the aerodynamic loads on one-hzlf of
the fuselage and, therefore, the x-coordinates must be given in the
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proper order for the control points used in computing the fuselage AICs,
[In this problem the fuselage AICs are hypothetical, but the x-coordi-
nates are given in the order necessary for the slender-body theory AICs.]
The reference geometry for the wing is "rw = 5,468 ft and 8,
37.917 ft. The reference geometry for the fuselage is bro = 5,468 ft
and s, = 18,9585 ft. [We assume that the wing reference geometry
was used to nondimensionalize the fuselage AIC matrix, and, because

we require only one-half of the fuselage aerodynamic force,

¢ can be
obtained by setting s, = (liZ)sw. ] Both example problems are carried
out for the single reduced velocity l/kr = 16, 67 with the reference
semichord for the system br = 5,468 ft and with sea-level density
o = 0.002378 slugs/ft>,

The output rnodes, the flutter frequencies and velocities, and the
required structural damping can be seen in the example problem printed
output (pages A-55 through A-65),

The input keypunch sheets are given; followed by the computer
output,
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OPTION FORTRAN
FORTRAN LSTOU.DFCK
MATN FILUTTFR QOVERLAY
JAN 13.1967 ,
COMMy 4 [T(21R) -

CHANGE BCD TAPES TO BINARY TAPES
10 AL LLINK (AHPARLTT)
CALL PART

TAL) LLINK (AHPAR/TT)

CAtL PART?
60 TN %
END
FORTRAN LSTNN, DFCK
MPRINT
SURROUTINE MPRINT (A,M,N,MD,NTAPE:
RIMENSION A(1), 1T(6), C(6)
FOUIVALENCE (IT,()
? FORMAT (1H , 4%, 6( 6%, 7HCOL UHN 114 ) 17/ )
X FORMATY (1H 114, X, (AE 17.8)Y )
N1=N
N2=6
Nd=h
NA =)
4 IF (N3=N1) A,AR,H
E N?2=N1=-Nij+h
N3=N1
A K=n
np 7 1= N4, N¢
K=K+¢1
7 11eK)=1
WRITE (NTAPF,”?) (IT(1),1=1,N2)
np 9 j=1,M
K=pn
L=MD# (N4=~1)+1
Pp B J=N4,N3
K=Kl
C(KY=A(L)
f L=L+MD
9 WRITE (NTAPF, %) 1,(C(K),K=1,N?)
IF (N3=-R1) 19,111,111
I NA=NI+A
NA=NA+ 6
noTn A
11 RETURN
FND
FORTRAN LSTNUL.DFEK
MPHNECH
SURROUTINE MPUNCH(A, M, N, TOUT, ITRA, TORG, HCDZ,MAXM,NTAPF,NCARDS)
DIMENSTION A1)
RE TIIRN
FND
L I NK PARYVIT
FORTRAN LST10H.DFCK
PARTH
SURFOUTINE PARTI
NSUKR=TOTAL NIMRFR OF SURFACES ALLOMED,
NONFNS=TOTAL NUMBER 0OF NENSITIES ALLONED.
NRIGIND=TOTAL NUMAER OF RIGID HODIFS ALLOMWED
NSTIZF=TOTAL NUMBFR CONTROL POINTS ON ANY ONE SURFARE ALLOWED
NMOBFES=TOTAL MIUMBER MODES INPUT ON ANY ONE SURFACE.,

P~

KM14007
HM14007
HMt4007
HM14008
HM14008
HM140M0BA
HMT4008
HM14008
HM1400R
hWM1400R
HM14008
HM140439
HpLaNga
Hut4neQ
Hr1 4009
HM1 4009

HM14009
HM14009
HM14009
HM14009
HM14010
HM14010
HM14010

HM1401n
HM14010
HM14010
HM14010
HM1 401N
HM1401N

001
ho?
003
o4

ou1
002
oy
04
005
noo

H
|
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ISXST(20), ISH(?U)Y, HBR(21), S(v1). RHO(20), UM(6,6),
BUCA,17), NMBAR(GL,172). RARMRR(A, 7)), LOW{(sNO), LMIGH(Y»0)
» ITU21R), VELCT'(?n). NSIZES(/M),
A(")n.1h")o r(‘i":]n“)o U(bn’1u")p HR(BO}(\),
Ht("o‘"n)l G((\.\U")

HRT(61U0),

£ THF FOLLOWING STATFMFENT(S) HAVE REFN MANUFACTURED BY THE TRANSLATOR Y0

COMPENSATE FOR THE FACT THAT EQUIVALFENCE DOES NOT REORNEP COMMON-~-

COMMON

FOQUIVALFNCE

17

CETCLYLISXST). (IT(21),1SH). (1T(41),RHN)

1 +CITCOV),NTAPEY), (IT(A2),NTAPE2), (1T(61).NTAPE3),
? (TTCadY NTAPEA), (IT(AS),NTAPES), (IT(6<).NTAPES), .
3 (TTCO7),NTAPE7), (IT(ABI,NTAPEB), (1T(60),NTAPEY),
4 (TTC/N)ANSUR), (IT(71),NRIRID)Y, (1T(77).BREF),
5 (FTC/3) . AAERDD, (1T(/4),NFUS), (1T(75),MDENS),
6 (1T(/76)sMODES), (11(/7),NPOINT), (IT(78),NPUNCH),
7 (ITC/9).,MAXR)Y, (IT(RU)Y,MAXDY, ('](81)0"AXS);
8 (YTCH2)aNC), CIT(REI,NSURFS), (17(84),Np?),
9 (ITC4m)HBR)e CITCI1UA)LS), (TT(127),VELCTY) . ,
FOUIVALFNCE  (1TC147),NTAPFU), (1TC(148),NRHO), (FT(1AY),NITRSP),
] (TTOISH),NITRDP)Y, (ITC151),EPSP), (I1TC(iny),EPDP),
? (TTC158),PICON), (IT(194),NVEL), (IT(1%5). NCARDS),
3 (TTCLSA),ATTKENY, (ITCIS7)0NGO)» (FaB3s (F(AUI,1),HT)
4, (B,LOMY . (UEH1, 1) LHIGH), (1T(158),FKy, ({T(159),50R
HEON) » (1TC160),NSI2FS), (IT(1RU),DM), (DH.AR, BARMRR)
6 ' s (IT(216),NDELM), C1T(21 /), ATTKED)» (1T(214),LPARY)
1 FORMAT (1814) - : '
2 FORMAT (HE172.4)
% FORMAT--(TH 16X, 41H FLUTTER ANALYSIS BY-A COLLOCATINN METHOD
1 7 47H USING AERODYNAMIC INFLUENCE CUEFFICIENTS /// UH NSUR =
? 112, 1°H NAERO = 174, 11H NRIGID = 112, Yu NFUS =
3 117, 100 NDENS = 114. 14H MODFS OUT = 110 '
4 s+ OH NDELM = 112,10H NPUNCH = 1/ )
A FORMAT (1HN.22X, 11H B (REF) = 1R20.8, %X, 4HK = 1FZr.8./1HY 25X,
1 7THSURFACE 1RX, THR 19X, 1HS 1NXK,7?0HFXTERNAL STORES S12& /77)
5 FORMAT (1Hu 10X, ?21H R RIGID NOMPONFNT = 1F18.8, Sy, 8H § RIBID
1 ‘LIW COMPONENT = 1ET8.H ) '
6 FORMaG (LtH 1129, 2( 55X, 1F2n.8), 1112 ) !
10 FORMAT * (1H1 ABX, 12H MASS MATRIX )
L1 FORMAT  (41HN NUMBFR OF CONTROL POINTS THIS MATRIX, ¢ 114,
1 48H)Y AND TOTAL NUMBER OF CON{ROI. POINTS EXPECTED, ( 114,
? S7HY DO NOT AGREE, PROGRAM CONTINUED,.., y
12 FORMAT  (1H] 42X, AH RIGIN BODY MODAL MATRIX )
L3 FORMAT  (IH  RX, HHSURFACE 112, “1H, 116+, 15H CO-TROL POINTS)
14 FORMAT (1H1 43X, 2uH FLEXIBILITY MATRIX )
1% FORMAT (1M1 46X, 1AH WEIBHTING MATRIX )
1A FORMAT (1HI ~»nX, 2u¥ RIBGIND COMPONFNT AERU MATRIX, 119, HH CONTROL
1 TH POINTS ) -
17 FORMAT  (1RI - 33X, 20H AFRODYNAMIC MATRIX 68X, LAH )./K'R =
1 1"Ho0.8 )
18 FORMAT (1Mo snX. 74H RIGID POMPONFNT MOPES, Yi10,
1 1/ CONTRIML POINTS. ) .
10 FORMAT  (LIHU suX. 2uH RIBGID COMPOKFNT MASS MATRIX )
20 FORMAT  (47H' FRROR IN INVFRSE ROUTINE. PROGRAM TERM'NATED )

’1 FORMAT
]

7?2 FORMAY

2% FORMAT
|
e

A FORMAT
1

( 1H 48X, RAHSURFACF

7H MATRIX )

( St1r2.8., 214 )

( HHOEPSP = 1EY6.8, X, BH EPIIP = 1F16.B, 11X,
1NH ATTKEN 1Ein.R, 1X, LOH NITRSP = 314, 31X,
10H NITRDP 114 )

(1HU aaX, ?20H GENFRALIZEN MASSES

YH MASS 114, JH =

112, 1H, 6X, 13H NO CEJGHTING

1777 (1u

ShX,
1E16.8 ) ) '

|

lull 4

LB
01
n
LAY

h
1]
"

425

ﬂ?ll
¥

78

e
g

433

URY.
] nsi
1 15

3%
03
03
638

03
04
n4T

na3
0a-

(Pt 8
nae

045
MZ‘
n43°
050
osi
ns
ny3
o
053
056
053,
051
05v
860
ne""
nb"
063
061
ne-
ned
67
86 .
16w
070
0/1:
074
*

073

74
w"
07¢

nzi

ﬂn'

g
i
3
:
i

¥ o sk

3
3
1
:
1
b
!
H
’1
i




| "
2% FORMAT  ( 1HO  3uX, 23H.RIGED COMPONENT MODES /// ) 079
26 FORMAT ( 214, A2X, LAG, 114 ) - 080
2?7 VORMAT  ( 1HB 34X, 23H PUNCHFD CARDS NUMBRERS 1A6, 114, -6H THRI 081
u 1 TA6. 114 ) - he2
-k 7R FORMAT (1HD 20X, 3H Kz 1E1A.R ) _ 083,
2 DATA QONOCT/N20205044000%/ - :
2 RCNZ =20000CT ‘ 085

OPTION FORTRAN

FORTRAN LSTNI.DECK
MATIN FLUTTFR OVFRLAY

JAN 13,1947

COMMON IT(218)
THANGE BCD TAPES TO HINARY TAPES
CALL LLIUK (AHPARLTT)
CALL PART1
CALL LLINK (AHPAR2TT)

DA AR

(e |
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OPYION FORTRAN
FORTRAN LSTNU.,DECK
MAIN FLUTTER OVFRLAY
JAN 13,1047
COMMON (T(214)
CHANGE BCD TAPES TO HINARY TAPES
10 CAtl LLINK (AHPARITT)
CALL PART1
CALL LLINK (AHPARTT)

AR S

b ]

CALL PARTZ2
60 106 10
FND
| FORTRAN LSTNU,DECK
T MPRINT
SURROUTINE MPRINT (A.M,N,MD,NTAPE)
DIMENSTON A1), IT(R), C(6)
FQUIVALENTE (IT,0)
? FORMAT (tH , 4%, 6( AX, 7HCOLUMN 114 ) /77 )
3 FORMAT (1H 114, X, (6E 1/7.8) )
Ni=N
N2=6
N3=¢6
N4=1 .
4 1F (N3=N1) A,.6,5
65 N2=N1=~N346
N3=N1
A K=n
N0 7 1= N4.NZ
K=K+1
7 1T(K)=1
WRITE (NTAPF,?) (IT(1),1=1,N2)
N0 9 [I=1,M
K=0
l.=MDe{N4=1)+¢]
No 8 J=N4A, N3
K=K+1
C(KY=A(])
f l.=L+MD
9 WRITE (NTAPF,3) I.+(C(K),K=1.N?)
1F (NS-N1) 10,111,111
10 NI=NJ+¢
N4{=NA4+A
GOTNH 4
11 RETURN
END
FORTRAN LSTON.DFUK
MPUNCH '
SURKOUTINE MPUNCH(A,M,N,10UT.ITRA, TORG,BCDZ,MAXM, NTACE »NCARDS)
NIMENSION ACY)
RFTURN
FND
L I NK PARITY
FORTRAN LSTOU, DECK
PARTY
SURROUTINE PART
NSHR=TNDTAL NUMRER OF SURFACES ALLOWED.
NDENS=TOTAL NUMARFR OF DENSTTIES ALLOWED.
NRIGIN=TOTAL NUMBER OF RIGID HODIES ALLUWED
NST/F=TOTAL NIMRFR CONTROL POINTS ON ANY ONE SURFACE ALLNHWED
NMOHES=TOTAL NUMBER MODES INPUT ON ANY UNF SUKRFACF.

N

IA N

iy I B e Jio ]

lwwgmmmwwﬁme”"“

HMI14007
HM14007
HM14007Y
HM14008

HMI4D0R

HM1400R4
HM14008

nn14nual
HM14008/
HM140DH¢E

qunowx
uM14009®
HM140091
HM14OOQI‘

HH1 4009}
HM140094

HM1 4(!09(}‘
HMt40po ™
HM140098
HMI 4nrws]’
HMY 4010
HMt140101
HM14010¢

HM140104
HM14010Y
mnunn:I
HM14010
HM140108
Hn14o1nsr

hu1y
”UN’
Ny 31

Gn4u

(IRIR N
ha2¢
an3u
Vo4yg

uoau'
Ly
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NIMENSTON  [SXST(/N), ISHW{?20), RR(?1), $¢(21)» RHO(?2UY, LM(6.6), 6120

1 DACA,Y2), DMBAR(6,12), RARMRR(6,17), LOW(S0), LHIGH(S0) 130

? » IT(?2)R), VELCTY(ZN)., NSIZES(20). 0140

K] Alnn,140), FeBa.100), Y(S0,100), HR(%0,6). 'RT(&s100), 031%,

. 4 HY(A,1un), G(A,10N) 1160
£ THE FOILIOWING STATFMENT(S) HAVE REEN MANUFACTURED BY THE TRANSLATOR YO 6170
c COMPFNSATE FOR THE FACT THAT EOU!VALFNCE DOEX WOT REOKNER COMMON==- 0180
COMMON I f _ 0190
FQUIVALENCE (1T(1),1SXST). (lT(’l)olSH). 11T(A1),RHN) ’ 01250

1 C(IT(A1) L, HTAPEY ). (IT(A2),NTAPE2), (1T(67),NTAPEY), 0264

? (IT(6A), NTAPE4). (IT(AD),NTAPEYL), (IT(6~),NTAPES), 0270

3 (TTCAT),NTAPE?), (IT(ABY,NTAPFH), (IT(67),NTAPEY). 0280

4 TTC70),NSUR)» CIT(71).NRIGID)Y, (IT(72).HREF), 0290

5 (ITC/3),NAERO)Y, (TTC74),NFUS), C(IT(75),NDENS), N300

l 6 (1TC/A), MODES)s (1T(/7),NPOINT)Y, (IT(78),NPUNCH), 0310
7 (ITC/9), MAXR). (IT(ROIIMAXU), (I1T(B1).MAXS), N32¢

H (1TCR2),NC)s (IT(RI),NSURFS), (I1T(84),NR2), 0330

9 (TT(n%),8R)s CITC10A),.SY, C(ITCL27),VELLTY) 03490

' FOUIVALENCE  (1TC147),NTAPEG), (1TC148),NRHO), (I1T(149),NITRSP), . 035540
1 (ITCISu) L NETRDP), (ITC151),FPSP), (I1T(1s2),EPDP), 0360

2 (ITC154),PICON), (IT(194),NVEL). (I1T(15=),NCARDS)., 0370

' 3 CITCLIRA),ALTTKENY, (ITC(157),N60), (F,G)» (F(AUL1,1),HT) 0380
4, (UL,LOW), (U(D1,1),LHIBH)Y, (IT(158),FKY,(1T(159),SAR 0390

5G0N) » (IT(1A0),NSIZFS), (1T(1R0),DNM), (DMAR, BARMRR) 0400

6 v (ITC216), NDELM) . (IT(237),A1TKED)»C1T(?731R),KPART) 0410

' 1 FORMAT (18]4) . 0431
2 FORMAT (6E12.R) ' 0449

3 FORMAT (LH 16X, 41H FLUTTFR ANALYSIS BY A COLLOCATINN MFTHOD 0450

' 1 A7H USING AERODYNAMIC INFLUENUE COEFFIPIFNYS ///10H NSUR = 0460
? 112, 100 NAERD = 114. 11H NRIGID = 112, yit NFUS = Va7n

3 1172, 10H NDENS = 114, 14H MODES OUT = 11° 048y

4 » OH NPELM = 112,14H NPUNCH = 112 ) 0490

l 4 FORMAT (THN 22X, 11H B (REF) = 1E20.8, S5X» 4HK = 1E27.8 /1H0 25X, N500
1 THSURFACE 1AX, 1HB 19X, 1HS 10X,2nHEXTERNAL SYORES SIZE //) LYK

5 FORMAY  (IHH 10X, 2)H'R RIGIDR COMPONENT = LE18B.8, v, 8H S RIGID R0

l 1 134 COMPONENT = 1E18.8 ) : 0y 3u
6 FORMAT (1H 1129, 2( &YX, LEZ2N,.R), 1112 ) 544

1h FORLAT  (1H1  48X%, 17H MASS MATRIX ) . 0550

' 11 FORMAT (41HN NUMBER OF CONTROI POINTS THIS MATRIX, ¢ 114, NH60
1 48H) ARD TOTAL NUMBER OF CONTROL POINTS EXPECTEND, ( 114, %70

? S7HY DO NOT AGREE, PROGRAM CONVINUED ... ) 0580

172 FORMAT  (1H1 42X.74H RIGID BODY MODAL MATRIX ) 159y

' 19 FORMAT  {1H J4RX, HHSURFACE V12, 1M, 116, 15H CO4TROL POINTS) nano
14 FORMAT (1HY A3%X, 20H FLEXIBILITY MATRIX ) N610

Ih FORMAT (1MH) 46X, 1RH WEIGHTING MATRIX ) 1620

l i6 FORMAT (1HI 28X, P9H RIGID COMPONENT AERO MATRIX, 119, AH. CONTROL 0630
1 /H POINTS ) , Neay

17 FORMAT  (1HI 34X, 20H AFRODYNAMIC MATRIX 86X, 10H 1./K R = 0650

| COMrON.8 ) NeéL

l 1R FORMAT  (LHn snX, P5H RIGID COMPONFNT MODES, 1110, 0670
| 1/H CONTROL POINTS. ) 0681

19 FORMAT  (lHn snX, 29H RIGID COMPONFENT MASS MATRIX ) 0690y

l 20 FORMAT  (47H' FRROR IN INVFRSE ROUTINE., PROGRAM TERMINATED ) 0700
21 FORMAT  ( tH SAX., AHSURFACF 112, 1H, 6X, 13H NO HYEIGHTING 0710

1 M MATRIX ) 0720

‘ '? FORMAT  ( Stto.4, 214 ) n739
/8 FORMAT (. BHNEPSP = AF1A.8, "X, RH EPDP = 1E16.8, iX, n740

1 TOH ATTKEN = 1E16.8, IX, 10N NITRSP = 114, 1X, 01750

? INH NITRUP = 114 ) 0760

i ¢A FORMAT  (1Hn anX, 20K GFNERALIZEN MASSES 177/ (1v  $nX, 0770

1 “H MASS 14, 3H = 1F16.8 ) ) 780
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25 FORMAT ( 1H0 1aX, 23H RIGIND COMPONENT MODES v// )

76 FORMAT ( 214, A2X, 1A6, 114 )

27 FORMAT ( 1THn 33X, ?3H PUNCHFD CARDS NUMBERS 1A6, 114,
1 1AA, 114 )

28 FORMAT (THO  2uX, SH K= 1E1A.% )

DATA QPUOCT/02n20304400057/
RCNHZ =QnnoCY
NTAPED PUNCH OQUTPUY TAPE
NTIPE2 INPUT TAPE
NTAPE3 OUTPUT PRINT TAPE
NTAPE4 /
NTAPFS
NTAPES
NTAPE?
NTAPES
NTAPFY=/
IF  ( NGO=987ak )
97 F ( NAFROD )
IR NAFRO = NAERD-?
IF  ( NAFRO )
99 NTAPEN = 8
NTAPF2=6
NTAPF3=f
NTAPE4
NTAPES
NTAPES =
NTAPE7=11
NTAPER=1
NTAPEY =19
MAXR = &0
MAXO = 6
NCON=1)
MAXS=50
REWIND
REWIND
REWIND NTAPFA
REWIND NTAPEO :
SORCON = SQRT( 386,0) /
EPSP = .5E-uéh
FPRP = (HE=07
AITKFN = .9
ALTKFD .9
PICON = +%921#7,083,14159
NCARDS f
NVFL = 1
NC=1
NITRSP=4an
NETRDP =100
RHN(1) = #Bow

/
/
;)

[T I T N R L | O

90,97,
98,370

99,99,

9
3
4

991 NTAPEA

NTAPES

(7

"ou

/ AKE UTILITY TAPFS

99
« 9R

179

Nei,14159 )

£ READ IN TITLF, CONTRNLS AND CONSTANYS AND PRINT,

1o CALY

‘RFAD

RDIN  (NTAPFZ.NTAPF3,1)
(NTAPE 2,1 )NSUR, NAERO,
INDFI M, NPUNCH, NCON

REAN  (NTAPL”,2)FK

WRITF (NTAPE ¢, SINSUR,NAFRO,

1 + NDBFIM, NPIUNCH
NRZ2=NRIGIDwNC
NSURFS=NSUR+NVUS

14 ( NCON ) 102,10

102 REAL (NTAPE?,22)EPSP,FPDIP,A

NRIGID, NFUS. NDENS, MOrES

NRIGID.NFUS, NDENS,MODES

1,102

TTKEN, NITRSP,NITRDP

6H THKU

Nesrsntsasstsdrint ottt ntstodenaitantiapantaatiagaaetacaadratanitaordtanntas

PYRNN
M

-l/Ql]
cangs
141 Ug'
LR

09203
LR
§94a:, o
49hy 3
n960
097y
poun
119G 1) als
1000
*
1Y
1045

16503
£

10807
109u
BRI

11101
1129™
1130

114ni
1150 a&

1140

1220
173y
12407
1250,
12hy0
i27u;-
e By
129y 7
1300

-

1514 ]
IRYD RS
1358y
1544
1359
1360
1374
13880
13590

& e §
. .
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READ (NTAPE?,22)ATTKED .
WRITE (NTAPEZ,?3)EPSP, EPOP, AITKEN, NITRSP, NITROP

104 F ( NAERO ) 105,103,106
103 WRITF (NTAPEZ,”H)FK
GOTO 111
105 READ (NTAPE?,.1)CISXST(1),ISW(T),[21,NSUR)

READ (NTAPF?,2)RREF, (VELCTY(1),1=1,NAEROD)
NC=?
NR?= NRIGID «NC
READ (NTAPE?,?)(BR(1),S(1).1=1,NSURFS)
TF ¢ NDENS ) 106,107,106
196 READ (NTAPE?,?2)(RHOCI), 121, NDFNS)
187 IF ¢ NFUS ) 10R,109,10R
1uR WRITE (NTAPEZ,HB)BR(1), S(1) :
109 MRITF (NTAPE3,4)RAREF »FK
DO 110 J=1,NSUR
J=T+NFUS ,
110 WRITF (NTAPEI,A) 1o BR(J), SLI) JISXST(D)
onoovn000000.000¢||UQ00090000000.oobo.oo..ol.ooonoo'oodu‘.0000000!00000
READ IN FUSE' GF MASS CHARACTERISTICS
119 1§ ¢ NRusID ) 112,117,412
112 IF ¢ NDELM ) 115,113,116
113 DO 114 I=1,NRIGTLD ‘
no 114 J=1,NRIGID
PM(I,Jd)=n.n
s0Tn 117
N0 116 [=1.NRIGID ,
READ  (NTAPE?2,2)(DM(J, 1),J=1 NRIGID)
WRITE (NTAPES,19) B _
CALL MPRINT (DM,NRIGIN.NRIGIN,MAXQ.NTAPES)
BRABBNBB SRR P RADERRETRRRNRRNBBRRRBONASRAERNRRADIRR QR BRBGNaaBansannantas
READ MASS MATRIX FOR EACH SURFACE, STORE SYSTEM MASS MATO[X ON NTAPE4
117 XK1= . :
~ WRITE (NTAPE3,14) _
no 120 1=21,NSUR J
READ (NTAPE?2,1)INSIZF
READ  (NTAPE2,1)(LO0A(J),LHIGH(.}),J=1,NSIZE)
nn 119 JU=1,NSIZF
DO 118 K=1,NSIZE

- - Py
- g ~—
0 n

118 A(K,d)=0.0
Ni=l OWCD)
N?2=LHIGH(J)
1o READ  (NTAPE?,?)(A(N,J)»N=N1.N?)

WRITF (NTAPEA)INSIZE, NSI2E, ((A(N.J),N=1,NSIZE),J21 NSIZE)
WURITE (NTAPF3,14)1. NSIZE
CALL MPRINT (A.NSIZE,NSIZE.MAXR,NTAPES)
NSIZFS(I)=NSIZF
120 Ki=K1+NSIZF
X R I R X X N I X Y Y Y Y XX Y Y I X Y X Y X Y N Y L XY XXX XYY XX

NPOINT = TOTAL NIMRER OF CONTROL POINTS ON ALL SURFACES.

NPOINT=K1
RFAD IN RIGID RODY MODAL MAIRIX FOR FACH SYSTEM,
TF ( NFUS ) 121,123,121

READ (NTAPE?,1)NSIZF
no 1?22 J=1.NRIBID
READ  (NTAPE2,2)(HR(1,J).i=1.NSIZE)
WRITF (NTAPE 3,1 RINSIZF
CALL MPRINT (HR,NSTZF.,NRIGIL.MAXS,NTAPFY)

WRITF (NTAPEA)INST/ZE. NRIGID, ((HR(E,J),121,NSIZE),J=*,NRIGID)
123 IF ( NRIGID ) 124,128,124
174 K1=1

o b et ame e LS ars v e sl b G e wre e — e - - - . -

14040
1410
1420
1430
1449
1450
1460
1470
1484
1494
1504
1519
1520
15310
154y
L1
1564
1574
1580
1590
1600
1610
1620
16390
1640
1651
1660
1670
1680
1690
1700
1710
1724
1730
174y
17590
1764
177
1784
179¢
160y
1810
1820
1830

1850

1860
1870
1881
1890
1900
1910
1920
1930
1949
1954
31960
1970
1980
1990
2010
2021

T




TSI

IF  ( K1=NPOINT=1) 127,128,127
127 MRITE (NTAPE3,11)K1, NPUINT
I I I R I E Y N R R R YT N N T T R Y Y R Y Y X R N Y Y R YR NN A YN Y R R YL ¥
READ IN FLFXIBILITY MATRIX FOR EACH SURFACE, STORE ~N NTAPES
128 Ki=t
WRITE (NTAPF3,14)
M0 153  [=1,.NSUR
READ (NTAPE?,1)INSTZE, Js» I1FORM, IROWS
CAUEL MRFAD (A NSIZF,NSTZE, IFORM, TROWS,H,1,F ,MAXR,NTABE2,NTAPES)
WRITE (NTAPES,135)1,NSIZE
CALL MPRINT (A, NSIZF,NSIZE.MAXR,NTAPE3)
- WRITF (NTAPFS)INSIZF, NSIZ2E, ((ACH,K),J=1,NSIZE),K=1,1nS12E)
193 K1=F1+NSIZE

3
:g 70
H WRITE (NTAPE S, 2)
; N0 126 ISUR=1,NSUR
} PEAD  (NTAPE?,1)NSIZF
& Y7=K1+NS1/7F-1
3 PO 12%  J=1.NRIGID
ok Y 4 READ  (NTAPE?,2)(HR(1,J).1=K1,K2)
¥ WRITE (NTAPES,11)ISUR,NSIZF
: CALL MPRINT  (HR(K1,1),NSI7F.NRIGID,MAXS,NTAPED)
3 126 K1=KI+NS17F
| WRITE (NTAPES)NPOINT, NRIGID. ((HR(M.,J)»N=1,NPOINT), 121,
: 1 . NRIGID )
i

hsra o st v aa v aropue

lF ( K"“PO[NI ) 158:164.159
19R WRITE (NTAPE3Z,11)K1, NPOINT
164 {F ( NAERO ) 166,165,166
th%5 NRHO=) :

DO SN0 I=1,NRIGID
- o RO S48 J=1,NR
500 DOCE,Jd)=n,.n
WRITF (NTAPF%)((DH(!,J).l=1.NRlGID).J'1oNRIbID)
‘N )=NC
80TN 215
r'lil!..llﬂlﬂiifi“Ohlibﬁ.0.i"l".l...0’..!..'....'00.0’0..IOIGQ.QIGQ.OQ
C READ IN WEIGHYING MATRIX FOR EACH SURFACCG.e«.+STORE ON NtAPE6'
166 . HRITE (NTAPER,1%)
no 1/R  1=1.NSUR

IF o C ISHC) ) 167,177,167
167 NI=1SYST(D)
IF NL ) 168,172,16R8

thA LLLCR NV E S I )
PO 149 L=t . MAXR

AJsLd)=n,H
149 ML) =t
170 ACJ.dy=1.0
READ  (NTAPE?,1)NXST, J, IFORM, 1ROW
14 ( NXST ) 171,172,171

171 CM L MREAD (A, NXST.NXST,IFORM, TROW,0,1,F,MAXR,NTAP" 2, NTAPES)
1/7? K=N1+1
READ (NTAPE?,1)NSTZF, NPART. IFORM, JROW

1F € 1FORM ) 174,173,174

1713 CALL MREAD  (A(K.K),NSTIZF,NSTZ2F,0,040,1,F,MAXR-NTAPE? ,NTAPES)
K=KeNSTZF '
GotTo 176

1/1 no 7%  J=1,NPARY
REAN  (NTAPF?,1)NSI2F
NzK NS
e 1741 .=K,N
o 1747 M=1,x
1741 A(M,L)=n.10

| IR R

H

2030
2044--
2050
20607
207w
2080;
209v:.
?3iny
Y1147
21?n
2130
?1507.
RN
;E‘lg‘
S
2190
27Ny,
22140
227y~
/?sm
244"
250,
2264~
P28y
2290
2304
?31¢,
2328
233,
234y
2350 -
2360
238"
239¢,
72404
241 (-
242¢
243¢°
2444
245
246i..
2474
24817
/49L
)500
2510,
7521
“HJye
54y
255"
2961,
2571
?5R M.
2591,
600"
2614,
26210
263U:-
2649
2650
26610
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175
1764

177
178
179

n

CALL MREAY (A(K.K),NSIZE.NSIZE. 1. IRON,0,0,F ,MAXR,NTAPLE?,»NTAPEY)
K=K+NSIZF
K=K=1

0"..’0..QICOOOQOOOCl.Q.i.......'.Q'.QQQQQC.CDQ.O...Q..Q...'.0.'.0..'..

WRITE (NTAPER,14)1, K
CALL MPRINT (A.K,K.MAXR,NTAPFJ3)
WRITF (NTAPEA)IK, K. ((AC(JsL).J=1.K),L=1,K)
GOT0 178
WRITE (NTAPF3, 2?11
CONTINUE
REWIND NYAPES
REWIND NTAPF7?
NCX=NC
NVFL = NVEL#?

'0.00!0.0000!..!.0 li..ll..lI'.....00.Q00..0..'.'.0."..0...Q'QOOQ.Q’Q’O.

If SERIES OF DENSITIES FOR EACH V/R OMEGA, READ IN THAT SERIES.

I
I
P
¥
|
I
I
I
I
I
I

140

181

1F  ( NBFNS )
NRHO=NDENS

ROTN 147

READ (NTAPE”, 1 )NRHO
REAN  (NTAPE?,?)(RHOC1),121,NRHO) ,

180,181,140

'0000.0.0 2880808000000 IO..O..QO.’.00000'.........0..'.....C..QQ.'Q.Q’..

READ- IN COMPLEX AFRODYNAMIC MATRIX FOR EACH SURFACE

1R?

144

1 4R

140

190

193
194
196

No 210  1=1.NSURFS

K=1

K2=1

IF  ( NFUS ) 183,184,183
1IF ¢ 1=-1 ) 184,188,184
L=I-NFUS

IF ¢ ISXST(L) ) 185,188,185

K=1SXST(L)*)
K? = K+ISXST(L)
PO 1RE J=1,K
Do 186 L=1.K?
AlJsL)zn.
READ (NTAPE2,1)NXST, J, IFORM. TROW
1t ( NXST ) 187,18R,187
N= NXST sNC
CAI) MREAD (A,NXST.N, IFORM, IROW,N, 1»0.”‘XR NTAPE2,NTAPES)
READ  (NTAPF?,7)VFLC
RFAD (NTAPE?,1)NSIZF, NPART. IFORHu IROW
IF ( IFORM ) 190,189,19n
N= NSIZF oNC
CALL MREAD (A(K,K?),NSIZE,N s IFORM.IRON.0,1,U,MAXR, NTAPE?,NTAPES)
NST7F=NSTZEsK~1
AUTo 1948
DO 192  J=1.NPARY
READ (NYAPE?.,1)INSIZE
N=K/ NG
no 191 M=K?,N
no 191 t<1.K
ACL ,M)=n. 0
N= NSI/F aNC
CAID MREAD (A(K,K2),NSTIZE,Ns1,TROH. O, 0,0, MAXR,NTAPF2 . NTAPEDZ)
K=K+NSIZ7F
K2=K?+N
NS 7F=K-1
Nz=K?=|
11 ( NFUS ) 195,197,195
WRITF (NTAPES,15)NSI7E

o Thr s ey v,

2670
2680
7690
2700
2710
2720
2739
2740
275y
27640
2770

- 2780

2790
2800

- 28180

2824
2830
2840
2854
2R84

. 2B70

28Ry
2831
2oy
7910
2920
2930
72940
2950

2960

297U
2980
299
Jony
3010
30y
Jo3u
Ju4y
Josg
Ju60
3070
3080
3090
d10¢
3110
3129
3130
31440
3159
3160
3170
3184y
3199
3200
3210
3220
323y
J240
32650
3260
3270
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g CALL MPRINT (A.ANSIZ2F.N.MAXRINTAPES)
3 CRonns st tEiaatastssus o ntatanttanneteltisRedatusadanteginansspndansasanntan
s 0 COMPUTF (NQ) = (HR)T #» (CH) #» (HR)
] Ki=}
LS
M=NC -1
READ  (NTAPEAINSITZFE, L. ((UCL,J).L=1,NSIZE),Jd=1,NRIGTD)
CALL MMULTD (A, M,U,0,F,NSTZE,NSTZF.NRIGID,MAXR, MAXR, MAXR)
N0 196 L=1.NS:i2E
Do 19& J=1.NRIGID
124 Acd,L)=ueL. )
CALL MMULTD (AL, 0.F. M, D0, NRIGID NSIZE,NRIGID,MAXR, HAXO.HAXQ)
ROT0 210
197 N0 19A. L=1.NRIGID
PO 19B  J=| . NR?
19R DQ(L,J)=n,n
199 | =1=-NFUS
1 € 1SHIL)Y ) 202,200,774
290 WRITTF (NTAPI-7)NSIZE, N, ((ACI M), J21,NSTIZ2E), M1, Ny
500 208
242 READ  (NTAPHA) +- Lo ((F(J,M),J=1.L)oM=1,L)
TF ( NSIZE~L ) 204,204,704
204 WRITF (NTAPE3.11INSIZE.L
2u6 CALL MMULTD (F,U A NC=1,U,L L, L, MAXR, MAXR,MAXR)
WRITE - (NTAPF7)INSTZE, N, ((U(J,M),J=1,NSIZE),M=1,N)
26R WRITE (NTAPFS,17)VELC
I 2 1=NFUS
MRITE (NTAPE3, 1)L, NSIZE
CALY MPRINT (A,NSIZE,N,MAXR.NTAPER)
21.0 CONTINUE

c.'l.'l.i.'.!l..DOQQllll.Qll'..l..l.i.’.l""ll........’l..l’i.......'.’

] 215
i

£ 216
E
E[r

% 3
31 21R
%
¢
3 2.0
¥

272

c

2”1

276

C CARRY ON FROM HFRQ

B2y

TN END ONCE FOR EACH DENSITY.
DO 300  [RHO=1,NRHO
K=N#NPOINT
N0 216 1=1.,NPOINT
ﬂO ?16 J=1.,K
(t,Jd)=t.0
REWIND NTAPF4
REWIND NTAPEHS
REWIND NTAPF
CON=RHO(IRHNDY*RR(1)ue2eS(1)
IF ( NPIGTIDD 21R,22?2,21R
no 2s4 F=VL.NRIGID
no 270 J=1L,NR? . NCX
PMBAR(T, J+1)=CONSDQ(L,J¢1)
K=J/NUsNC -t
DMBAR(T, )=

#12.174

IM(T,K)+CONDO(T,J)

Credassnazadiatetitsisntstasdadassntalsgaaataaitnasntstantidasgntaesirannnnins

C READ ENTIRF HR MATRIX.

READ (NTAPIS)YE, T, ((HR(':J).|=1-NPO,“T)0J=1:NR1610)
K1=0
0 2464 ISHR=1,NSUR

' K=TSURsNFUS
CON=RHO(TRHO)sRR(K)®e28S(K) #32.174

R s nasssneun st itsREnttsRatanaiRsntissnatRadttslanlalagitiyessassantusadas

READ (M) |
REAND (P TAPFAINSTZF, NSIZE. ((F(1,J),1=1.NSIZE), 121 ,NSIZF)
I# ¢ NAFRD ) 221,221,774
Ny 226 1=1.NSIZF
no 226 U= NSIEZE

ACl,J)=t (1. )

e o 4 el Ammeen

3740

3294
.Hntll
3314
sJ2u
3330
33ay
3351
J3n
3740
384
3304

34‘!0]
3419

142

1430
jad,; &

tasgp
LY Y.
]
5#90”
3bgu

551u§
3524 #

1539

RELTR
KLY YU 1
3578

3589

3590 §
a0y e
$6tu

162y
36305
3640

3691 5
S&AL "
AR
LYY

169457
37004
$710

§724»
S730 ¢
s744"
37654
$760
377 tims
37840

s7090°"
seon’
810

$821) s
Audy’
SB4y
SLLTI
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’J‘ i 13 . -
a8 | =NSTZE : 910
- B ' 6O0TN 231 - ‘ 3924
:’ Fn.e;lccuacooooiui‘iOQQlOQ!OlQQIQQOQ'.QQDllQOQ.QQQGOQQQOQGGOCu0000000*!’ $93¢
2 READ  (W)e(CH) 1 e 3949
2 l READ  (NTAPE7INSIZE, ‘Lo ((ACT.d)s 151, NSIZED, Jol. L) 3950
-7 ,nnntiﬁtnvull.!h»c;l!lDQQOOQQQQQ00000QOOQ000000'QQCODOQQOOQODOGQQO&QQOOi . 1°7.Y]
. COMPUTE (M BAR) =((H)oRHOORR0°”s0(H)'(CH) ) | 3974
. B l NO 228 1=).NSIZF : 3980
Z no 228  J=1,L.NOX : ) . L N 399y
. B K=J/?+1 : _ - ) ; BN . AGRUE
20 ACT,J)=CONACTL,0)YeF{1,K) - h ’ T - .. 4010
B l 278 ACT,J41)=CONSACT, Je1) / | - Lo 4021
3 ¥ f'!.il.di.c0ODIOQ.'il00.0IO19.00000.0000QQ6000000QDQQ...Q..CQQ'QQQQ...Q... . 40304
R B . READ FIEXIRILITY MATRIX. FOR SURFACF - ) . . 4040
S < ' 241 RFAD (NT‘P}B)NQIZFL NSTZE» ((F(T1.,J),1= I.NQIZE)oJ 1.WSIZF) e~ 4050
AY KeNC2KY 49 4060
L & CALL MMULTD (F,0.A.NC=1,U(K1+1.K),NSIZE,NSIZE, NSle.qun nAxR. T 4070
-k 1 MAXR) = 4080
o l IF C NRIGID ) - 232,245,239 ‘ - : o 4090
> & Pl.!olilliiQll.'lo..!!&l'!el.l..!'l.lll...lOOOQDQQGCQQOQCOGQ'000.000'00‘ . 41nyg
1 %; C FIND_ C LITYLE M nAR Y = (DFLTA M ) + (H R)TRANSPOS&D . BAR) & (W R) 4110
& . 232 DO 240  1=1.,NSIZF - : . K ; 4124
6 K=K1+l ' . - B 41%%
n PO 240  J=1.NRIGID ‘ _ . 4143
i l G(J, 13=HR(K,J) ‘ ' . 4154
2 K=NCoK1+1 T 416¢
L b CALL MMULTD (G.0,A/NC=1,HRT(1,K), NRlGlD.“SIZE NS'ZE.'AXU.HAXR.\ - 4170
E %’ 1 MAXQ) . 4181
2 4 l CALL MMULTD (HRY(1,K).NC~- 1oHR(K1¢1.1).U.A.NRlGlDoNSlZE.NPIGID: T 4190
- g 1 MAXO, MAXS, MAXR) 4200
2 244  [=1.NRISID : 4210
W l nn 244  J=1,NRZ - 4220
é iz 234 BARMRR(1,J)=RARMRR(]1.,J)+A(].,J) 4230
§ 246 X1=K1+NSIZE 42490
- L=NC#NPOINT p 4250
3 l IF ¢ NRIGID ) 247,768,247 4260
3 747 GROTO (252,?24R),NC ’ 4270
‘ 748 N 250  1=1.NRIGID . 4280
' PO 250 J=1.NR-.NEX , 42% 4
7 K=J/2+1 a3ny
7 G(T1,K)=HARMRR(I,J+1) 43114
3 I 790 BARMRR(1,K)=RARMRR(I, ) : 1372y
i CARPactBasNNR NN ORI EERNIRARROBORRRRRBNRGRANPRAINNIQRReestantestabasstiong A3R 4
 THEN (LITILE M BAR)INVERSF AND P INAL U MATRIX STORED UN uTAPFY, 434y
252 OALT NMNVRSX (HARMRR,GB,A(1,1), AC1,MAXQ),NRIGID,IR,NC=1) 435)
l F ¢ IR) 310,754, 410 4364
254 QOTH (760,7200)NCX 437
i 206 DO P98 I=1 . NRIGID 1384
l N 288 =1 NRZ,NCX 43590
K=NR?=~J 4400
M=K/?+1 141
RARMRR( | .K)SRARMRR(],M) 442
l 20K RARMRR(1.K+1)=6(1,M) 443y
2A0 CALE MMULTD (RARMRR,Nf =1 ,HRT,NC=1, F,NRIGID,NRIGID, POINT, 4449
1 MAXD, MAXOD,MAXR) 445y
' CAtl MMULTD (F,NC=1,U,NC~1,HRT,NRTIGID,NPOINT,NPOINT . MAXR, MAXR, 4451
1 MAXO) 44%72
CALE MMULTD  (HR, 1,F .NC=1,A,NPOINT,.NRIGID,NPOINT,MAX®, MAXR, MAXR) 4460
NO 264 1=1.NPOINT 4479
I e 2872 g=1.1 4480
FCl,h=uct ) 4499
- D mets st
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H

280 A(',J):‘A(I,J) 45(}“
T K=1eNC=NG ! a9ty

264 ACT, )= ueA(],K) 4574,
CALL MMULTD (ACNC=1,F,NC=1,0.NPOTNT,NPOINT,NPOINT,MAVR, MAL R, MAXR) ORY

IF  ( NAERO ) 268,766,768 ahd =

246 REARN  (NTAPES)IA(1,1) 455!
MRITE (NTAPES)((HRT(1,J),1=1,NRIGIN),J=1.NPOINT) 1544

258 WRTTE (NTAPFO)INPOINT, L, ((UCI.J),1=1,NPOINT),J=1,1) abRgn,
300 CONTINUE - 4661
REWIND NTAPES 46148
REMIND NTAPFs 462§
REWIND NTAPF/ 4637
REWIND NTAFKFS 164 g
REWIND  NTAPF9 4650

. KPARY = 2 464
7T RETURN. 467 }
%N MRITE (NTAPE S, 20) 468y
M 070 941 . 469y
370 REWIND - NTAPF4 47n§
TREWIND  NTAPEY 471 sz

: IF ¢ NRIGID ) “330,332,440 472y
350 REAU  (NTAPES)HI, 1, ACi.1) , 473>
332 XK1=} : 4745
DO 334 1=1.NPOINT ' 475y

PO 334 =1 ,NPOINT 476 4.

© 334 F(l,Jd)=n.0 477"
N9 336 ISUR=1,NSUP 478"
K?=K1+NSIZFS(ISUR) =1 , 4794

READ  (NTAPFR)I, I, A(1,1) agnT

READ (NTAPFA)NSIZF, NSIZE. ((F(1,J),1=2K1,K2),J=K1 K?) 481,,

356  KI=K1eNSI7F 4820
' READ (NTAPEA)INSIZE, MODE, ((A(1,J)»1=1,NSIZE),Jd=1,MnDE) 4834
M=MODE /NC 484!

CALL MMULTD  (F,Nn,A,NC=1,U.NPOINT,NPOINT,H, HAXR, MAXR. MAXR) 485"

1F  ( NDELM ) 337,348,437, 486y

347 IF ( NRIBYL 338, 348,438 487
TR READ  (NTAPHS)C(NMCT, ), 1212 NRIGTUI»J=1,NRIGID) AB8 s
READL (NTAPHH\’(G(!.J).l=l-NRlGlD).J=1oNPOIN7) 4499

No 349 [=) N«IGID . 49p~

PO a9 J=1 . NPOINT 49ni

3459 BT, z-6(1,) 4903
CALE MnotTD (GL,0,A, N, HRT.NRIGID.NPOINT M, MAX), MAXR, ~AX0) 4904,
READ (NTAPFAY (HR(I.1),1=1,H) 401

DO 540 f=1.M T

NO 340 J=1.NRIGID 493y

40 G(J, 1) = HRT(J.II/HR(I,1) ay4T
WHTIF (NTAPF §,2%) 508,,

CALL MPRINT (G.NRIGID,M,MAXU.NTAPESR) 5014

1F  ( NPUNCH ) 348, 54%, 4% 50D

$44 URTIF (NTAPEN,DAINRIGID, M. BCNZ. NCARDS ST
NCARD = NCARNS vt

GALY MPUNCH  ( G NRIGIN,M,%.,1,1,RCNZ, MAXQ.NTAPEY,NCAOD) 5%y
‘WRITF (NTAPH $,2/)HCHZ, NCARDS, BCUDZ, NCARD SUnt
NCARDS=NCARD 1 e

$ah CONYINUE YRy
CALL MMULTD (DM, 0.6, 0, HRT,NRIGIN,NRIGID, M, MAXQO,MAXQ. MAXD) b O

N $46  I=1 . NRIGID bia

N sah J=1,MODE a1y

346 HR(J, 1) = B(T.J) h12u,
S48 DO 390 1=1,NPOINT 5137

LTI T ) I=1 . MANF $14n-
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MATRIX READ SUBROUTINE

75

FedoD)=a(1o )
CALL MMULTD  (F,n. U, N, A, M, NPGINT, M. HAXR, MAXR, MAXR)
1F ( NDELM ) 352,358,352
1F C NRIGID ) 154,358,454
CALL MMULTD (MR, 1 HRT,0,F M. NRIGIN, M, MAXR, MAXO, MAXR)
N0 3%6  1=1.M0DF.

Po 356 J=1.M

A(J, 1) = ACS 1) ¢ F(JLD)
HR1TF (N'APF‘.") C 1, A(laD)slz1, M)
f0T0 991
END
FARTRAN LSTOU, DFCK

CALY MREAD (A M, N, IFORM, TRON. ITRAL, TORG, T, MD,NTAPF2 .NTAPER )
MATRIX TOD READ IN
NUMARER NF ROUS

NUMAER OF COLIIMNS

ITRA TRA CARD +FTER -MATRIX
..'A CARNM +FTER EACH KOW
(OR COLUMN )
FORMAT(12A6) 10KG = ORIGIN OF FI2ST f.Be CARD
n, COLUMN BINARY T =MDXN TEMPORARY CrLLS
v1, FORMAT(6E12.8) M= DIMENSLONED NUMGER OF ROWS
s MATRIX BY COLUMNS e T IN A
41, MATRIX HY ROWS  NTAPE? INPUT TAPE
NTAPE3 = QUTPUT TAP:

A =N,
L | =41,
N
1

Suumn

F

-1,

SURROUTINE MREAD
NIMENSTION ACLY, TCL) ;
FORMATY (6E12.8) g
FORMAT (1246)
FORMAT ( 77 26H THATS ALL YOUR DATA. )
FORMAT (4E16.1)
MN=MDeN
no & 1=1,MN
T(1)=nad
A(!)‘-‘"o"
[F ( IFORM )
IF ( 'ROW )
K3=1
K4=N
KS=MD
Kh=Me1
K?=1
anTh 9
K?7=MN .
K$=Mp ~
KA=M
Kh<=;
K=t
no 1 I=1,K4
KizteKbS=-KhHe)
TF (K6) n. 1,10
K7=K14K6
1F (TE0ORM - 1)
REAND (NTAPF?.,4)
680 10 11
READ
CONTY I Nt
fOTO S6
Ki=N
K2=M

’

39,15,6 -
8,/,8

It 11,109 ¢
(a(l.) oL = K1,K2.K3)

(NTAPE?, 1) (ACL),L2KD . K?,KS)

(AsMyN, IFORM. IROW, ITRA, IORG, T, MD,NTAPE?,NTAPFES )

5154
5160
5170
180
5199
5200
521
5221
5230
5240
5260

MO01D
nnozao
LU Y]
LT

AN LT

L UKENT]
nho7s
HenAy
LId A2
nu16y
Mi0130
M0120
MOA30
MO140
M0150
M0170
MO1Ry
M019¢
M019%
Mo2ny

mu219 .

ne224
MBE3y
Mh24ag
Moz5u
nez260
Me27w
MOZRY
MOZ9u
MD30Y
MO3tg
MND320
MO &30
LURYY!
LUK
MO 36
MO370
MO38u
MO39y
MN40D
Mo4n2
MO4N4
MO 4nhe
MDAl
Hh41s
MO42y
MN43Y
HO44¢

*r dteteen 8
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76
K$=1t
IF ¢ 10RG=1 Y 1A,V /,17
1A K32
17 If ( 1P0NW ) 1H,10,14
1P KP=N
Ki=m
19 IF ¢ JTRA ) 22,721,029
1 XK1=}
22 K=
nn 23 1=1,K1
Ka=KeK3
k'/'-’l

CALL  RINRD (T(K4), Kn, L. NTAPE?2. NTAPES )

GNYD (23,38,23,20),1
23 K=K+K?
1F ( 1ROW )Y 28,/4,7H
24 =0
1fF ¢ TORG-1) 26,:,26.,7%
25 L=10RG~1
A D0 27 1=1.,N
J=laMD=Mp
RO 27 K=1,M
J=Jet
x| +1
27 ALJI=T (L)
G070 34
2R =0
COIF L1ORR=1) 20,380,729
¥9 L=10RG-1
40 DO 3t K=1,N
J= KeMD-MD
PO. 31 T=K,MN,N
J=Jd+1
. Ki=L+1]
1 A(J)=T(K1)
36 RFTHRN
3R WRIVE (NTAPER,])

STOP
$9 RFAD  (NTAPF?,2)(A(1),1=1,M)
070 3n
FND
) FORTRAY 'STon. DFCK
. RINRD
SURROUTINE INRD (T,K,l{ ,NTAPF1.NTAPE?)
DIMENSION T(1)
RE TUIRN
FND
.3 FORTRAN LSINU.DFUK
C RN

SURROUTINE RDIN  (NTAPE?, NTAPES, | )
1 FORMAT(HINH
1 )
FORMAT(IHY)
FORMAL vTHN )
READ (NTAPE?, 1)
R AT (4,%).1
4 UKRTIE (NTAPE S, )
GOTH 1
o WRTIF (NTAPE 4, %)
6 NRITE (NTAPE S,
RFTURN

- N

Mitgh(
M4k I
Mihazy
Mt 4R
Mt 49y
Hn&nul
MidHYy
MOLH2y
MO530
Mab 40
MY
MOHAL
LR
MNBRAY
M1 5Q
Rara,
L HERWT
MUE? G
Mha3g
MOb4y
Mhes50
MfI6AN
Mi67
MUAHBY
MO69y
MO 71y l
MO /10 &
Mu/2u
Mi 750
Md740
MD75u
MO7610
MO 770 I
MO/RQ
MH794y
MUBOU
H"81U]:
MOR3p
MOs4y
M85y I
Mucso

RN} I

Ny
sy
bus4n I

Nptu o
anag =
tnity
Qude
[HETRITY
Diay
wnna
R
finuy
ltu
11
h12a

ey

b ey

O |

e 20,500 L LBGE Ftae * anar st

¢
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END
FORTRAN LSTOU.DFCK

MMULTD
SURROQUTINE MMULTD CAN1,8.N2,C, M, NoK,MA, MR, MC)

-

in.

11

1?2

13
14

1%

16
4
1A

NIMENSION A(1), B(1), C(1)
1C=1
TA=MCaK
1H=1AsN
1DxMA
TH=MC
1J=MC
IF ¢ N1 ) 4,35,.4
IF ¢ N2 ) 7.8.7
18=7+1R
Ih=velD
IF ( N2 ) ©,A,5
IC=2
8070 7
TH= e H
1C=s
TA=re A
TJd=%2e]
D0 18 1=1,M
INC=2p
no 11 J=1,1A, 1M
C(J)=N0.0
INZING
Do 10 L=T,.18,1D
IN= 1IN
C(JIISCCIYeA(LYRKCIN)
INC=INC+MH
INC=D
B8OTD (1R8,172.1%),1|C
nNo 14 J=t,1A.14
TF=1+MA
TF=J+ M0
IN=INC
Do 18 L=1F. IR, 1D
INSIN+
IR=IN¢MR
COIFI=C(IFY+A(L)eB(IN)Y
CCNI=CCII=ACLIR(IG)
INC=INC+MR »" °
NI 18
=Ml
1F=1+MA
nn 17 J=16. 1A 1D
TNz NI
C(di=hoth
no 16 L=1t.0R. 0D
INSIN+Y
CONIZCCIIVvACLIORIN)
INC=ING MU
CONTINNE
Rt TURN
FND
FORTRAN LSTINU.DFLK

MNVRSX
SURROUTINE  MNVRSX (AR.AT,R,0,KS7,16G00FN,NOP)

NIMENSTON ARCH A AL(A,H),
16ODF =0

f e e e e el s PR T SNGTTIR Y, 2 OV g <,

77

R(rsn). C(H,AR)

[T RN R

)

u130

601¢
0020
11040
8050
80060
0074
feRao
9090
“fin0
¥ile
0120
11306
034y
0159
016y
8170
0180
6399
0200
0210
0220
0230
0240
0250
0260
n27u
- 02R0
0290
0300
031
0320
UKEL
0340
0350
03606
Wary
N3RY
UK LX)
G400
0410
ha240
043y
044y
D459
0460
Na70
0480
0499
05040
0510
%240
0530
0544

LN RN
029
No4u

A D T AR 300
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| l
s

. 1F ¢ NOP ) In-,iNn1,1A0) NEY)
- 14 AL INVERS (AR.KSZ.IGOIFD) nnﬁul
o nN 10 20 NNz

10/, CONTINUE DRy
N0+ K=1.,KS2 hgnyg
no 1 L=1,KS?2 nlnul

¢ 1 B(K,L)=AR(K.,I) f11g

! NO= 1124

. CALL INVERS(®,KS7,NO) Ny 3y

: IF (NO) ?2,3,? 14y

4 6 REAL MATRIX NOT SINGULAR n1%4

'} € NMULT ReAl  STO. € ﬂ]ﬂﬂ'

: 3 DO 4 K=21,KSZ 037u

NO 4 L=1,KS2Z ' 01AY
(K, L)=n.t 019y
ng 4 1=1,K82 ﬂ?hlll

4 c(KoL)=C‘Knl’0R(Kol)'5‘('o|~) 9210

C MULTY, Al»C + AR ST0. B Wy 2y
O - K=1.,KS7 hziu'
e » L=1,KS? 4
R(K.LI=AR(K,I) Bl
3 N0 - 1=1,KS7 - tzhl
3 5 BIK.LI=B(K, 1 YeAT(K. 1)l CT,L) e? I
3 - NO=w» ° fizuy
7 CAL lNVfRQ(R.KS? ND) 7o)
3 TF (NOQ) 2,72, . nsnuI
4 . SECOND HATRIX NNDT SINGULAR 31y
é € MULY. -C}R ST0. Al ALSO SET AR=8B 032y
. 7 no K& K=1,KS7 US30
[ N0 & L=1,KS7 ﬂddUI

) - AJ(K,L)=Nn,n 135y
S AR(K,L)=B(K,)) XY Y.

Zg N0 # 1=21,KSZ 03701

) f Ak LISAT(K,L)Y=0(K, 1)eB(T. L) N3ny

i £0 10 20 n39n

;. C RFEAL MATRIX OR SECONND MATRIX SINGHLAR TRY IMAG. ROUTC U¢HUT

s no v K=1,KS? 14104
N0 v L=1,KS2 ' 0423

9 R(K,L)=AL(K,L) 143y

¥ NO=! f;qq,,;r

1 CALL INVERS(H.KSZ.ND) : N Y

IF (ND)Y Yu,1 .00 - Haky

C IMAG. NOT SINGUL AR a7

£« L MUILT. HeaR Sin. haKp
: 1 no 12 K=1,K87 - ‘ ) N409
4 Ny 2 L:1,KS?7 avny’

a f(K.L)=n, n51UI
3 f ny 1? l=1vKS7 16H20
{ E 12 UKL E)=CUK, L)Y +R(K, T)mAR(],L) AH 30
- g 0 MUET. ARSCoAL STH B Nhagy o
¥ nO 13 K=1,KS7 hhhy™
2 no 18 L=1,KS87 LYY
" B(K,L)=AT(K, 1) ~ N7y 7

. NG 18 121,KS7 NoR0 i
b | 13 BEKLL)=2R(K, L YL ARCK 1Yo (T, L) H59y
’ NO= 06Ny =
S CALL INVFRS(Q,KS7.NM) 0610}
b 3 T (NDY Y0, 05,00 62y
: O THIRD MATRIX NOT SEINGUL AR TR
FH L O MIET -Led STO AR ALSN SET Al=-n 640
15 00 e K=1,K87 hewn -
4 &1

R R ML A e ot 7

!




’9

N0 16 L =1,K$7 0660
AR(K,L)=0 ve7u
AT(K, )==R(K. 1) . 06R0
no 14 1=21,K87 0694
1A AR(K,L)=AR(K.()+C(K, J)eRCT L) ©oL 0780
80 10 21 0719
in 1 GOOF p=1 #7220
] 20 QETURN 0730
3 END , 0740
S FORTRAN LSTOU, DFCK

: {NVERS .
; SURROUTINE INVFRS (A,N.1 GOUF D) 6010
X NIMENSTON ACALA), LEAY, M(6) Hn20
3 CALL OVERFL (KunoFX) nhay
3 l BO TO(HON,500),Kun0uFX nosu
] 504  CALL OVFRFL(KINUOFX) S 1 1Y)
. & GO TO(SNRTL,501),KU0ufFX onz24
E 2 lsna CALL DVCHK (KHNOFX) 008y
.k 60 TO(HN2,502),KN0uFX : 0690
; 502 1GNOFD=N _ . nin
> SEARCH FOR LARGEST ELEMENT : 3119
; I no 80 K=1,N 15 R
: L(x)=K 130
M(K)=K n149
ok l RIGAZA(Y,K) 0150
: no 20 1=X,N 0160
{ no »0 J=K,N n17¢0
2 IFCARS(RIGA)=ABRS(ACTJ)))ILN, 20,20 N1AY
. b :I1n RIGAZA(T,J) #1190
i L(K)Y=1 h2no
M(K)zJ 0210
' 20 NONTINUF _ \ 0220
;o INTERCHANGE ROMWS 0230
JROW=L(K) 0240
] IFCLIKY=KIZY, 45,25 - 1954
.25 DO a0 1=1,N 0260
: HOt P==A(K, 1) nNz79
- ACK, 1)=ACIROM, 1) 0289
1 I I ACJROW, 1)=HOLD . 299
I INTERCHANGE 0L UMNS n304
P a6 1001 =M(K) : $39¢
: I TF(MIK)=K)an, 45,3/ 6370
§ 37 np an J=1,N 0334
3 HOL Pz=A(J,K) 0340
L A KY=ACD, 1000 ) 4350
1 I A0 ACHICDE )Y =HOL D 360
. NIVIDE COLIMN RY MINUS PIVOT . daze
; 4% N0 'S5 IC=)1.N . 038v
» I 46 LECI0=K)SU, 55,50 0390
S50 ACIC,K)=ACIC.KY/C-A(K,K)) 0400
’ 5% BONTINUF 041y
‘ Ir: REDUCF MATRIX 0420
S § no ub 1=1,N Naxg
E no 6% J=1,N a4y
" g YA TECI=K)OT, 60,47 0459
I 57  IFCI=K)ION, 65,40 0460
g A0 ACT. D TACE KYRA(K, JYeACT, D) 0470
65 CONTINUF naeay
ln NIVINE ROW RY PIVOT . 0490
“ no /% JR=1,N 0500
1 (] ”<(JR"K)7"07‘5070 0511
] . - oz b vt bt R




80

3
[
7 AL, JRI=A(K, URY/ZAL(K,K) 524
15  CONTINUE "5501
L E o - CONTINUED PRNDUCT OF PIVOTS nsa0
S N REPLACF PIVOT RY RFCIPROGAL ns50
Ok ACR,K)= 1 /7ACK,K) . 0564
I CONTINUE COMPLFTF OPFRATION f")7!’]
. £ B0 CONTINUE N560
L CALL DVCHK (Kn0nFX) 1594
- f G0 TO(510,505),KunaFX 06001
- 503 CALL OVERFL(KRROFX) fo1v
Ck GO TO0(510,504),K000FX 0620
- 9n4  CALL OVERFL(KNAQFX) 0631
! 60 TO(510,505),KenpFX : "o4ul
e FINAL ROW AND COLUMN YWTERCHANGE H65y
b 505 K=N : U6ty
E L 100 - K=(K=1) “670|
= B IF(KIL60, 150,108 HNARN
] E 108 1= (K) n69g
¢k 1FC1=K)120,120,109 07m’l
g g 105 N0 110 J=1,N . N7y
- % HOLD=A(J,K) : ' 0724
: § ACS.K)==ACJ, 1) 730
* F 110 ACS, 1)=HOLD "7‘”l
" 120 J=M(K) . /5y
TFCI=K)10U, 100,129 n764
125 N0 130 121, N : : 0/?0]‘
HOLD=ACK, 1) 78y &
ACK,1)==A(J, 1) 790
: 130 ACS, 1)2HOLD nenn
% t 80 10 180 . UBHII
; 160" RETURN 8z
510 | GOOF n=1 : _ (ERY
B0 TO 150 "84UI
EN” ) ' 1HS y =
* TLINK T PAR?TT,PARITY
€ - FORTRAN LSTOW.DBFCK T
C PARTZ ‘ : 1
SURROUTINE PART? 0n1uy
C PARTieeee? VIBRATION AND FIUTTR ANALYSIS BY A COLLOCATIUM METHOD. 6020
DIMENSTON IT(219), VELCYY(?0) . NSIZES(20),DM(6,6),RHO(H) I
COMMON/C i/ U(49,196),8UFSS(49,2),H(49,50),EIGroN),
1 TEMP(?2 734, NAKSR(Z5), NAKDR(?5)y, NITER(/%), niay
7 OMERA(25), DAMP(25). VELC(25) ' I
C THE FOLIOWING SIATFMFNT(S) HAVF REFN MANUFACTURED RY THE TRANSLATOR TO 6070
€ COMPENSATI FOk THE HACT THAT EQUIVALFNCE.DOES NOT REDRNFR COMMON--- nNn8o
COMMON 17 nnou'r
FOUEVALFNCE  (1TC1),ISXST), (IT(21),1SH), (IT(41),RHN), N1by §
1 CIT(AI ) NTAPEY ), (IT(A2),NTAPE?Z), (1TC6:),NTAPE3), u160
? (IT(ha)  NTAPEA). (IT(AD),NTAPED), (1T(6+),NTAPES). 0170 o,
3 (ITCO7),NYAPE/). CIT(AB),NTAPFH), (1T(6n),NTAPEY). 180
4 (ITC/70),NSURY. C(IT(71),NRIGED), (1T7(/2).8BREF), n19y
b CITC/3),NAFRO)Y, (TT(/74),NFUS), (1T(79),MDENS), Cuonu
6 (ITC/A), MODES), CIT(/7),NPOINT), (IT(781,NPUNCH), 021y
’ (11C/79) MAXR)Y . (ITC(RN) MAXUY, (I1T(BL1),MAXS), 0220 I
R (TT(82),NC), C(IT(HI),NSURFS), (I1T(84),N0?), 0230
9 (IT(85),BR), (IT(10A),S) 0740
FOUIVALFNCE  (1TC127),VFLCTY), C(T1T(L147),NTAPED), (1T/148),NRHO), £259 I
1 (1TC149) , NETRSPY, (4 TCI50),NIETRIP)Y, (1T¢151),EPSP), (T e
? (ITC%2) FPAPY, (ITCL53),PICON). (1T(151),NVEL), 0270
3 (ITC1%%),NCARDS), (IT(156),AITKEN), (I11c¢L%/),NGO)., neay I
4 (ITCI58),FK)y C(17(159),SORCONY, (IT(16061,NSIZES), n29n i.
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6 (ITCIRB),PM), (ITC(217), ATTKED), (IT(21R).KPART) n31
200 FORMAT (tHY 48X, 12H OUTPUT DATA /// 1H 11X, tH FLUTTER 03240
1 H2H ANALYSIS RY A COLLOCATION ME HOD, USING AEROUYNAMIC 03340
4 24H INFLUENCE COEFFICIENTS /7 1HO 14X, 11u DENSITY = 0340
3 1Ezn R, &X, 20H REDUCED VELOCITY = 1E20.n, // 1HN 33X, n350

4 116, 324 RIGID AODY DEBREES OF FREEDOM /111717 ) N3a0

200 FORMAT (1H1 2nX, SH MODE 7X%X. 17H OMEGA (CPS) 1UX, H#H DAMPING 0370
1 4%, 17H VFLORITY (KNOTS) /// ( 1M 2% V14, LR LY
2 IE2u,8) ) 390
202 FORMAT ( 214, 62X, 1AG, 114 ) nN4oy
203 FORMAT ( 1HM 34X, 73N PUNCHED CARNS NUMBERS 146, 114, AH THRU 419
1 A6, 114 ) ] Haz2¢
204 FOPMAT  (1HY 45X, 18H DYNAMIC MATRIX ) 430
205 FORMAT  (S1H FIEXIRLE MODE SHAPES., SURFACE 114 ) 044y

206 FORMAT (5H MDDF 116, 32H, BIVFS AN IMAGINARY FREQULMCY. ) 04%90

NATA QOUNRCT/Z02n20 30440005/

RCNZ =0000CY 0470

NVFL =NVEL nagy

MAXP=Z49 Na9Y
K=NCeNPOINT 0500
N0 290 I=3.NPOINT 1510
PO 290 J=1.K 0%2¢
29n UeE,ds0. ) ‘n51g
REWIND NTAPFO LYY
DO 314 IRHO=1,NRHO LY
MONRE=MOOES : 1564
READ (NTAPED)INSTZF, NSIZE?, ((UC1,J),131,NS1ZE), n570
1 J=1.NS1ZE2) 1580
IF ¢ NPUNCH ) 302,304,304 * 0599
3u? MRUTF (NTAPES,204) _ Heny
I CALL MPRINT (U.NPOINT,K,MAXP,NTAPE?Y) 0610
: J04 MRITF (NTAPES.20n)RHO(IRHO)» VELOTY(NVEL), NRIGID T n620
: no 36% I=1,M0DF : 0630
: I NAKDR(1)=0 v 0640
1 305 NAKSR(1) =0 . 0650
3 ALY MITERS (U,.GUESS .0 +NPOINT,MODE ,MAXP ,NC +EPSP 0660
3 ] EPNP S NAKSR ,NAKDR NITRSPNITRDP,AITKE, AITKED, 0670
- I 2 IR » TEMP oH yEIG 'NITER NYAPE®,NTAPEJ) UoB1
‘ 1F  ( NAFRO ) 3055,30%4, 3055 n690
] IN54 MRITF (NTAPEA) NPOINT, MODE., ((HM(1,J),12),NPOINT),;J=],MODE) 0700
Y I MRITF (NTAPEA) (EIGCI), 121, MONE),NPOIMT,MONE,NPOINT,HODF, MODE 0710
; INHE CONTINUE ) 0720
MODESY = ﬂCOMOHF . 0734
- no 3N 1=1,MODFS?, NG 0740
1 I K=1/NC ¢NC =1 0750
{ 1" (EIGCDY) 3051,3052,80%52 0761
3 ANt WRITF (NTAPE ¢, 206)K 0770
I NMFGACK)=0,40 0780
a0THn 3059 0790
052 OMEBA(K)S SORCON / ¢ SORYT( FKeFIQ(L)) ) 080y
'I ANHY BITO CIR6, SR, NG 0810
Wk NAMPLK)I=ZN,N AR20
; VEIC(K)=0,0 0830
A foTo 310 e
] ] 10A DAMP(K)= FIGCI+L) / FIG(T) 1850
: VELEIK)= PICONSOMEGA(K)#RRFF ¢ VFLCTY(NVEL) tas0
£ 3N CONTINUF 0870
l WRITE (NTAPI §,201)(K, OMEGA(K). DAMP(K), VFLC(K) , 0880
: 1 K=1,MODE ) 0R9Q

IF ¢ NPUNCH ) 312,314,312 0900

SRR
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AT

24

N
v
3
:
N
L
1
{
1
}
}

112

J121

Y122
1123

318
314

NOR

_DiMiNSTON

1un
111
120

14n

25
210
2.0
240

nn

Yo

40
400
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K1=1
NRITF (NTAPEN,202)NSIZES(1),
NCRNS = NCARDS+Y
CALL MPUNCH (OMEGA.MONES?,1,0,1,1,ACDZ, MAXP,NTAPEU,NiRDS)

WRITF (NTAPFS,”03)BENDZ, NCARDS. RCRZ, NCRDS
NCARDS=NCRDS+ |

PO 313 ISUR =1,NSUR

IF ( ISUR=) ) 121,310, 85121

MRITE (NTAPFA,202)NSTZFS(ISUR). MODEST,neNZ-NCARDS
NCRDS=NCARDS 1

60 10 $123

NCRDS=NEARDS

CALL MPUNCH (H(KY.1),NSTZESCISURY,MODES?,6,1+1,8C02,%AXP,NTAPEN,
1 NCRDS )

WRITF (NTAPE S, 208)ISUR

WRITF (NTAPES,203)RCDZ, NCARDS,RCNZ . b with
NCARDS=NCRDS + 1

K1=K1+NSTZES(ISUR)

CONTINUE

REWIND NTAPEO®

NGO = 9H765

KPART = 1

RETURN

FND

_Fu TRAN LSTON, DECK

M7
SUAPOYT INE

MODES?, BCDZ, NCARDS

.NORM
ACY),
INDEX )
B0 I0 (110,14v),NP
B0 Y0  (Baa,120),NC
RIS = C(1)8a2:0(?)0e?
n0 70 AR
CALL DNORK
50 10 748
SINDE Xt
NSTART=NP*1
NSTOP=NaNP
K=NraMAXR )
IF { NSTARI-NSTON )
80 10  (0,490). N0
AIe-ARS A1)
No - 248n  =NSTART.NSTOP,NP
11 ( HIG=-ANS(AC])) )
INDEX=]
RIG=ARS(AC) )
CONTINUF
N0 10 a0
RIB = A(1)en
oo 3
Jig e}
Pt RIG-(AC ) e oA (J)aeY) )
BRIt = All)es” 4 A(J))ee?
INDEX = ]
CONT I NlE
J=NPoRC
T=INDEXe(NC=Y)uKs (NP=}) '
Ced)=A(y)
Jsd-(NP=1)
I=1=-(NP=1)
CCAI=A(])

(A-ﬂ.N.C‘.INDFX.HAXR-NC;NP)

H(1), C(1)s TL2)

1E( 100,200,200

{AR,N'C,MAXRINC,T)

208,205,400

220,220,280

A(Ks1)ne?
I=NSTART.NSTOP,NP

420,320, 330

BB AR AT T A

el
u9?l|
[(RRY
Ho4tH
nys

nNQ6
NQ7u

QR
qj
140

1010
102¢
158
10490
106
16
10740
TRy
109y
110
1114
1124
!130'
1140

|

NTR4ﬂu0£'
HIR40O0U4
H1R400nol
MTRA40DG?
MTRA0NNSY
HlR4nnn9I

e sty 3 ol el SRR

3 AR

e e PATEL S T 7S

MTIR4001
MTRANNT 2
MTIR40D1
MTR40D1S
MTR4NO1H B
MTR4ANO1)
mIang1s-
MIR4N11G
PIRSGGL 2
HIRANGLD
MiRA0U2,,
MTR4u 241
MIRAN N2,
MIR40Q2 Y
MTR400128 J
MTR4ND?9
MIRANNIY
MTRAOR3Y l
MTRA"03S
MTR40034
MTR4D035 I
MTR40D36 W&
MYR40038
MIRABO4N
MTR4ND4]
MTRANp4
MTR4NBA3 .,
MTRAUN44 !

MPRAD a4 e
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T=INDEXC(NP 1) MTR4NN4S
CINP)=ACTD) . MTRA0047
C(1)=ACINDEX) : MTR40N4SH
R0 10 (410,140),NP MIR4005)
410 R0 TO  (Su0,ANN),NC : HTR4NES51
540 DO 10 I=1.N MTR40053
S10 R(I)=ACI)/C21) MTR40054
80 70 700 MTR4005%
Al BIB = C(l)ea2:C(P)0a? MTR40057
N A10  J=1,N : MTR40058
J=T+MAXR ' ~ MTR40060
T= AC1)#C(1) 1 A(J)INC(?) . . MTR40061
A(J) = ( ACJY®C(1)=A(])eC(?) ) / BIB MTR40062
10 R(I)= T/BINB MNTR40069
700 INDEX = INDEX/NP +NP-| _ MTR400A4
RE TURN MTRAN06Y
END HTR40067
FORTRAN LSINN, DECK :
NNORMZ .
SURROITINF DNORM . (AR, N.C,MAXR,NC.T) MTR400AO
NOURLE PRECISION A(1), B(1).CL1)Y,.T(1) MIR40071
410 B0 10 (B50n,A00),NE ' MTR4NRT 2
506 NO S0 J=1,N NTR4N074
510 R(I)=ACI)/0(Y) . MIR4NN7S
0 10 704 MIR40076
A0 RIR=C(1)8C(1) + £(?2)e0(2) MTR40078
N0 ALN  I=1,.N _ . © T MIRAMGTY %
J=TeMAXR . _MTR40080 %j
T= ACI)I*C(1IeA(D)Ie0(?) : “MIR40081
R(J)Y = ( ACIIeC(1)=A(])eC(?) ) / BIB HTR40082 %
410 R(])= tzaln MTR4N083 i
700 RETURN MTR4ANOG4
END ‘MTR4N0RG &
FORTRAN LSTNU,DECK £
POHS bk
SURROUTINE POH  (LMBNN,LMADY , LMRU? , HN, HNL, HY ,H2, N, Nr) MIR4NORY
NiMENSTAN  LMADNCI), LMRDLCL), LMBD2C1), HN(1), HNI(-), HI(1), MTR4NU9L 3
1 H2(1), A(?) WTR4NA92 1
NONKLE PRECISION LMBON, LMBDL. ILMAD2, HN, HN1, M1, u2, A HTRAD095 7
80 10 (700,100),NC rTR40NGS 1
110 I=1,N ' nTR4NN9 )
=TeN MTR4069Y i
AC1) = LMEDNCIIWHNCT)=LMBRDN(?) sHN(K) MTReN101
A(2) = LMEDNCL)IOHN(K)Y+LMBDN(” )eHNC(T) MTR4NL0Z2 1
HY (Y = LMAD?(1)aHNLCT)=LMAD?(2)eHNLI(K)=A(1) MTR4010q i
HIC(K) 2 LMADO (1 )OUNLY ") eLMAD?2(2)eHNL( L) -A(?) MTK4010> !
Hetl) = ACT)-LMHEDI (), aHNTCL) o LMBDX(2) *HNT (K) ‘ MTR4DIN7 ]
110 HAEK) = AC(P)=LMHDI (1) sHNI(K)-LMBDLI(2)*HNI (1) MTR4N106
RF THRN MTR4N1L 0
200 DO 210 Iz .N MIR4AN112
Alry= LMBRONCT ) eHN(T) MTR4G114
HICT) =2 LMANZ(1)oENI(T)<A(Y) MTR49116 3
210 HZ (1) = AC1)=LMHADIoHNTI(]) MTR4D117 ¥
RFTURN MTR4N119 |
FND MTR4N121
FNAHTRAN LSINN. DFEK
AJVTENS
SURRAUTINE ATTKNS (HN,ENT,HN? ,HNEH, R, Ns MAXR,NC, NP, IR MTR4N12Y
NIMENSION  HN(1), HNI(1), HN2(1), HNEW(1), A(2), B(4y, C(2)s D(Z) MTR4D12S
IR=1 : MTR4N127

L=NPeN MTR40129

© eI




84

(1) = Res? MTR4u13y
N0 11a Iz NP MTRANIRY
F‘ PEY1Y = o MTRANT IS w-
;- N2y = MTR41134
PO 100 =t N MTRANY 36+
i K=(J=1)eMAXR | #TR4N) 38 |
' PET) = BE1Y + (HNL(K)=HN?(K))ea? MTIRAN] 45
% 1un DE?) = DY) + (HN(K)=HNL(K))an? MTIRAN141
‘ IF ¢ nery ) 1U5,110,1u% KTR4N1 43
- 146  CONTINUE MTRAN] 44°
. 1E(N2)/n() - o)) 110,110, Ry CMTP4ANI 4
0l 110 CONTINUE HTR401461'
§ R0 10  (300,200), NP . MIR40144
§ 2100 ALt ATTKND (HN.”N‘DHNZpHNEHONoNﬂXR.NCo\oﬂDCJD) MTR41 {49
] 80 10 700 MTIR4N1S5y
. 1 30 D0 600 J=).N NJRM!)SZI
b GO TO (470,%509),NC MTR4N154
- 400 C(1) = HNCIV=2 . HNL{])+HN2(1) MIR40155
1F ( 6(1) ) | ALO,600,400 nmunso]’
T 410 HNFWOI) = HN2CE) = ( (HNICL)=HN2(T))esz /C(1) ) MTR4H153 &
2. - 60 TO 660 MTR41159
T sun A1) = 9, PIR4G AL P
; ey = 2, r194«1‘e1,
5 Dty = 0, RTR4ULIAY
; Do SN 4=y,2 MTR40164 .,
§ K o= Le(Jg-1)eMAXR MTRA01Ah |
: R(J) = HN(K)= . aHNT (K)+HN?(K) MTRA01A/ =
C = Co(HNI(K)=HN?(K)) MTR4014H
. A = ~(HNY(K) - HN2(K))ee2 - MTR4N1AYy T
}810 - Rz R(J)es? 4 MTIR4NI7g Z
i SAFL Cn ) BN, 600,520 MTR4N] 72
T 570 0 HNEW(I) = HNZ(1) = (R(1)#ACLY+R(?)eC(1))/ B(1) MTRA017S o
X HNFW(K) = HN2(K) = (R(1)#C(1)I~R(2)eA(1))/ D(1) MTR4D174 =
(£ 4u0 . CONTINUE MTR4D176 =
I AT T AP MIR4N173
T 940 RETHRN - MTIR4MI Gy T
4 END MTRANIAY &
-z s FORTRAN LSTYNU.DRCK
£ C AILTKND o
5 SURROUTIN®  ATTKND  (HN,HN1,HN?, HNFN, N, MAXR,NC, A, H,C.D) MTR4O1R4 .
5] NIMFNSIO'  HNCT), HNT1(1), HN2C1). HNEW(Y), A(1), B(?) C('). N(1) wMIR401Rp =
i NOVRLE ¢ *FCISION  HN, HN1, HNZ. HNEW, A, H, G, B MIRABIR7
'g 00 PO 6o |: ) .N MIRAGIRY
] QO TO  (avn,hnu) NG MIR4N1UY =
o 4NN (1) = HNC|)=2.sHNT (1) eHNZ (1) MTR4U102
3 IF C ARSCCCEY) «. utupufsng ) AOD,600,4L1 MIR4B198 "
E AN HNFHODISHNT (D) = ( (HNTCT)=HNZ (1)) CHNY (T )=HN2(1)) /C(1) ) MTRAN1OY
: a0 To AR KIRAN] Q4
1] Act) =, MIRADI98 -.
: Py = 2, MTR40109 °
. Pe1y = o, MTRA0z2py
i e w0 g=y.,2 MTR4021 |
. K = 1e(J=1)reMAXR MIR4OZA S
RCJ) = HN(K)=2.oHNT (K)+HN/(K) MIRAO204 &
C = Co(UNT(K)=HN2(K)) MTR4N20
Az =€ (HNYCK)=HN2(K))# (HNT (K)=HN2(K)) ) = A MTRANZ0p =
510 it = RCJ)sR(J) o+ D MIRAN207
; " D) 520,600,457 MTRA0Z0Yy ™
: 570 HNFROI) = HUN“(1) = (RC1)*AC1)I+R(2)eC(i))/ D(1) MTR4Z214 .
: HNFW(K) = HN?(K) = (R(1)#C(1)=R(2)8A(1))/ D(1) MTRANZ1)
g 640 CONTINUE MTDANAY ¢ .
Q
£
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10

IR = 1
RETURN
END
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FORTRAN LSTOU.DECK
LERISS
SURROUTINE I FGIS (LAMBNA,PQS.FEi F2,NC,IR)

DIMENSION

LAMADA(T), POS(1)

NOURLE PRECISION LAMBNDA, POS, R',» R?A, RZE

fR=n

0 10 (1"“07"”)0~c

R1 = ( DABS(

R2A = DNAKS
R?A =  DAHS(
CAll MPRINT
NAlY MPRINT
LAtL MPRINTY

IF ( R1=R2A )
1F ( R1=R?R )

IR=NC
RETIRN

LAMRDA(Y )=LAMBDAC(?) ) )/E1
NARS(POS(?)/PAS(1))=1.) / E?
NABS(POS(4)/POS(4))=1.) /7 t2
(R‘o)h‘|706’

(R2A,7,1,2,64)

(R2R,7,1,2,6)

120,140,140
130,140,140

R1 = DSORT( (LAMBOA(1)~LAMRDA(3))o(LAMBUA(1)=LANBDAC®)) « (LAMRLA
(7)=LAMRDA(4)) o (LAMBDA(?)-LAMBDA(4)) ) / F1

MTR4N21Y
MTR4021/
MIRA0219

MIR4V?222
RIRAN2?24
HTR4N27%
MIR4N227
HTR40?229
HTR40231
MTR40232
MTRADZ23S
MTRA02 44
MTR4N235
MIR4N2I6
MTR4B218
MIR4N249
HTRAN242
NIRaN24s
NIR4NZ Ly
*IRANZ 4]

P2a = DABS( NSORT( ((PAS(3)#PAS(1)+PAS(?)ePUS(4)) (P SL3)ePUS(?) +emTRABZAY

POS(2)ePNS(4)) + (POS(3)ePOS(2)-PAS(4)*POAS(1>)*(PAS(3)»
POS(?)-PQS(4)ePQS(1)) ) /7 (PAS(1)#PUS(1)+P0OS/2)ePAS(?2)) ) MIRAUZ50
Y /1 F?

“Le

MIRAN249

MIR4AN?5Y

R?R = NABS( NSORT( ( (POS(7)#PAS(5)+PAS(A)=POS(8)) / (POS(5)+P0OS MIR40Z53

(5) + POS(a)ePAS(6)) el (POS(7)*PUS(H)+POS(6aPUS(B)) / f
(PUS(~)uPQAS(H) + PQAS(A)aPAS(6)) ) ¢ ( (POS(7)4P0S(6) ~ PUS(MTIR4UHZSY
HISPOS(%)) /7 (PNS(H)ePAS(%5) ¢ PAS(6)+POS(6))
#PUS(A) - POS(H)IEPAS(S)) /7 (POS(5)IePUS(5) ¢+ P S(HIePAS(A)) MTRANZS)
) ) =t) 7 F2

RO T0 110
END

FORTRAN LSTAU, DFCK

MAD?

1nn

SURROUTINE

MADS (A,B,C,NSIZE,NC)

DOURLE PRECISION A(1), B(1). (1)

Kz=NCeNSIZ2E
121,K

no 100

C()zA(1)=R(1)

RETURN
FND

FORTRAN LSTNU.DFLK

MUl 18

tah

200

o

SURKROUTINF M 7
H]Mi NSINN

KA=KRCoMAXA
KA=NCoMAXB
KC=NCeMAXC

RO 10 (200, 100),NP
AL DMULY (AR, Col1Z2,NT12:.M12.KA,KB,KC,NC)

o0 10 700
no  6un
no o 500

L=1.112
"'—"o"'?

K= (M=1)eKR ¢}
= (M=1)eKl o}

f{1)=v,

GO0 70
no

(3nn,4.40),NC )

N‘.“o""

JE(N=1 ) eKA+|

(AR, CLLIZINIZ MIZoMAXA, MAXR, MAXC, N, NP )
A(1), HELY. CCV)

MTRANZ54

v & ( (POS(/) MTIR4AOZ%6

MIR4ANDKY
MTR4N?264
MTRAND2A2

MTR402h4
MTR4D265
HIRAN267
HTR4N249
wIRaN27}
rIRANZ??
NIREN? 7Y

MYRA0275
MTR4077/
MTR40279
MTR40280
MTR40281
MTR4N2A S
MTR4028%
MTR4N286
MTR40288
MTR4N29¢
MTR40292
MTRAN203
MTR4D295
MTR4V297
MTR4N20y
MTR40301

S R
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86 i-
3 %s
g JB = (Ne1)eK MIR4U302
. 3N CCEI=CCIY+A(J)eB(JR) MTR4030Y I°
G0 10 Sua MTR40304 ],
- 400 IC = L+MAXD MTRAO 3N,
s CLIC) =2, HTR4HSU/,.
' DD 410 N=1,N12Z MTR4NSNY ],
Jz (N=1)eKA+L MTR40 81 "
c JHE (N=1) K : MTRAG S,
; JC= JeMAXA MTR4N31 S T

JRC= JReMAXY HIRANSL 4 .
i CCLI=COIIvA(IIOR(IR)I=A(JC) #H (IBCH MTIRANITH
L 4 CUICI=CCIC  A(IISH(IRC) s ALIC)I SR IH) MIR4OSY ) 7
& san, CONTINLE MIRAOS1Yy o
S An0°  CONTINUE HTRA ST
£ 1 700 RETURN PIRASIZ Y
! END MFIRANA? S G
o1 8 FORTRAN LSTNH, DECK '
. - C NMINLTS :

E SURROUTINE NMULT (A.R.C,LIZ,NI1Z.M1Z,KA,KH.KC,NC) MTR4NSZ 7 7
- NCYRLE PRECISION A(1), B(1), C(1) MTRANS?Y 3
- MAXA=KA/2 MTRANSIU

MAXR=KR/? MTRANDIZ] o
o6 MO 6N L=1.112 MTR40432 |
! DO Sah M=1.MIZ MTR4D.534 "
i Kz (M=1)aKR ) . HTR40X36
1= (M=1)sKE oL ' FTRANSZ) -
Cilyr=o, MIRAN339 3§
GO TO (tun,4aun) NG MTR4034)
300 NOo 31 N=1,N12 MIR4H34J;§
JS(N=1)0KAL MTRA034Y i
: JB = (N=1)+K MTR4N 346"
i 310 COEI=CLI)sA(J)eR(JIB) HMTR40347
i 60 T0 S0 MTRAN34B {5
! 400 . _1C=1+KC/? MTRABAG G =4
' cere) =n, MTRANSHY
I N0 410 N=1,NI1Z MTK40O75 7T
L Jz= (N=1)sKA+L MIR40355 |,
JR= (N=1) +K MTR40 454
i JC= JaMAXA MIRANIS ] .,
’ JR’ 3 iJRMAXH MTR4D35H it
i CCEI=CUIYeA(I)I®HIIR)=A(JIE) 2B (JRC) MTR403IAN "
410 CP™)=0CICYIvA(JI)SB(IRC) +A(IC)SR(UB) MIR4NSA)
L 500 CONTINGE - MIRANSAY S
. AN CONTINUE MIR4D36KY 3.
Lt 700 RETURN MTRAD$AK)/
§ FND ' MTRANI6Y <~
s "FORTRAN LSTON, DFCK i
, 0 PULMS o
' SURROUTINE POIM (PN, PN1,ON.ON1,E2,1 MBD1,LMRUZ,NC, IR, 1G0) MTRANST 2,
DIMENSTION PNCY), PNI(1), ONCI), ONI(1), E2(1), LMRUD1 (1), LMBU?(1)IMTRaNS74]
. POUKLE PRECISION PN, PN1, OUN, ON1. LMBD1, LMBD?, A(?) MIRAG37y * -
‘ THR=0 - MTR4A0S706
; O 10 (1H0, I n0,160), [RO MTRAOST/ | ;
: A RO T (1IN, 70N, NG MTR4N379 |1
i TIN 1 ¢ DARSC (PN=-PNiI/(DNSORT( DARS(ON) D)) ) =E2 ) 12,120,117 MIR403R1L
: 112 1F ( DARS( PN=PN1 ) = F72047 ) 120,120,170 MTR403R? .
| 120 1F C DAHS( (ON/ONID=1.) = F2 ) 13,190,170 MTR40SRA |
- 140 1 MRNZ = (PNSPN =4, e0N) MTR4D KO ©
1 LMRN? = DSQRT (DARS(LMRD?) ) MTR40387
: LMANY =(<-PN + | MRD?) /2, MTR4N3IBA

PR

: LMBN? =(=PN - |MRN?) /?,

MTIR4NIRO
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8233 TF ( ARS(LMAD1) - ARS(LMRD2) ) 140,150,160 MTRAN39}
3 . 140 Az | MBDY MTR40392
i LMRN1 =L MB1)2 MTR40303
o LMRI?=A MTR40304
e l G0 10 160 MTR40395
a4 190 )F  ( LMBDY ) 140,160,160 MTR40396
& 140 JR=NC MTR40398
b l 1/0 RETURN MTR40400
3 Tt 60 TO (130,220),NC MTR4A0401
_ 200 AzDSORT( ON(1)#ONCT) + ON(?)#QN(?) ) HTR40404
& IF ¢ DSORT( ( (PN=PN1)#(PN=PN1) + (PN(2)=PN'(2))#(PN(2)=PN1(2)) )MTR4040>
l 1 / A) ~E2) 210,213,170 MTR40406
B 210 A = ON1#ONT + ONT1(2)8QN1(?) o HT%404n7
> IF O 0 (ONONT=-ON(2)eQN1(2))/A Yo (ONSONT=QN(2)0nNI(7))/A ) & MIN4040Y
- ' 1 C (ONsQNT(2)+QNTISON(2))/A Yo ( (UN®QNI(2)+ON1QN(2?))/A )  MTR4DALG
- 2 1. ) =~ E2) 220,220,170 MTR40411
v 220 A(1) = PN#PN =« PN(?)aPN(?) =4.#0QN MTR40412
3 l A(?) = 2.0(PNePN(?)=2,80N(?)) MTR40413
3 PO ALY ) 250,250,290 MTRAN 41
- 230 A(1) = DSGRT( (=A(1)+DSORT( AC1)eA(L)+A(2)®A(2) ) ) /7. ) MTR40417
' A(?). = A(2) / (2.¢A(1)) MTR40418
~ lA?s? LMRNI (1) = (=PNeA(?))/?, MTR40420
] LMRDT1(2) = (-PN(?)sA(1))/2. ‘MTR40421
LMRD2(1) = (=PN=A(?))/?, MTR4G422
: ] LMBD2(?2) = (~PN(2)=A(1))/2. MTR40423
Tb ( DSQRYC LMRDY#LMANT+LMBD1(?2)sLMBD1(2) ) = DSORT( LMHNZ2eLMBNZ +MTR4N425
o 1 LMBD? (?)eLMBD?(2)) ) 240,160,160 MTR40426
240 AzI MRD1(2) MTR40427
! LMRNT (?2)=LMBNZ(2) MTR40428
LMBN?2(?2)= A N MTR4N429
. GO TO 140 MTR40439
B I 220 A€1) = DSORTC (ACLI+DSQRT( AC1)eA(1)4AL2)8A(2) ) /2. ) MTR40432
A(?2) = A(2) 7 (2.%A(1)) MTR4N433
: LMRET1=A(D) MTR4N434
AC1)=A(?) MTR4N43S
; I A(2)=LMRD} MTR4NA436
GO 10 232 MTR4NA437
FND MTR40439
: 1 FORTRAN LSTON, DFCK .
, POS .
3 SURROUTINE PO (FL, HN, HN1, HN?, HN3, P, 0, NC, MAYR ) MTR40441
l NIMENSTON  FECY), HNCE), HNI(1), HN2(1),» HN3(1), P(1)y, G(1), MTR40442
| ACS), HOY) MTR40443
NOUBLE PRECISION FL, M2, HN1, HN2, HN3. P, 0, A, R MTRAD445
MAXR = MAXR/? MTIR4AN447
I B0 10  (200,100), NC MTR4N448
10 A(1) = FLOL)#HN = FL(P)OHN(MAXR+1) MTR404%5¢
AC2) = FLOIIWHNL = FL(A)SHNL(MAXR+1) MTR40451
I ACS) = FLID)IWHNY = $LC 6)#HN? (MAXR+1) MTR40452
(1) = FLOYSHHN(MAXR+ 1)+ FL(2)eHN MTR40454
A(2) = FLII)RHNL(MAXR+1)+FL(4)#HNL MTR40455
i i) = FLIHISHNZ2(MAXR1I4FLC H)aHN? . MTR40456
I PL1) = ACS)aHNT « R(I)OHNI(MAXR41)=A(1)®HN3 + B(1)eHu3(MAXR+1) MTR40458
P(2) 3 ACS)UHNT(MAXRO1I+B(IIoHNT = A(1)*HNICMAXR+1Y=n(1)eHNS MTR40459
BC1) = ACL)SHN? = RO1)SHN 2 (MAXR41)=A(2)2HNT + B(2)oH 1(MAXR+1) MTR40461
‘] BC2) = ACL)OHN?(MAXRO1D+R(1)#HN? ~ A(2)®HNI (MAXR41)=-"(2)#HN1 MTR40462
AC1) = AC2)8HNS = RI?2)SHNA(MAXR41)=A(II®HN? + B(3)#H:? (MAXR*]) MTR40464
RO1) = A(2)eHNC(MAXRIDI4B(?)I8HNS = A{S)®HN? (MAXR*1)==(3)eHN2 MTR404585
:I A(2) = ALID®P(1) + K(1)eP(?) MTR4V46)
; R(?) = AC1)eP(?) =~ RH(1)eP(1) MTR40468
ACT) = ACD)I0(Y) + R(1)e0(?) MTR40469
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B(3) = A(1)*Q(?) - B(1)=Q(1) , MTR4047¢
AC1) = ACLI®A(Q1) + R(1,=R(1) - . MTRA047 .
A(?) = A(2)/7A(1) MTR4047 &
R(?) = B(2)/A(1) : MTR40474
A(3) = ACSY/A(Y) . MIR4D47 -
B(2) = B(I/A(1) MIR4N4T,
P(1) = FL(I)®A(2) = FL(4A)R(?) MTR4N478
P(?) = FLI3)®B(2) + FL(A)SA(?) MTR40479,
A(?2) = FLU3)OFL(%) ~ FL(4)*FL( 6) MTR4048
R(?) = FLLAYSFL(B) ¢ FL(3)oFLC( &) MTR404RY
0(1) = AC?)aA(A)=H(?)eR(3) MTR404B4
0(?2) = A(?)eR(I)+ALS)OR(?) . MTR4o4m]
MAXR = PSMAXR MTR4048
RETHRN MTR4D4RS
200 A(Y) = (FLCZ7)YOHNI®HNS = FL(I)Y*HN?2HN?) NTRAUAOGR
P(1) = (FLCSISHN?(T1)#HNLI(1) = FLOL)®HN(I)*HNS(1)) VIEYES MTR4N4A9
0(1) = ( FLOY)RHN(T)®HN2(1) = FLC2)*HNT(1)#HN1(L) ) /7 A(1l) MTR40A49
P(1) = P(1)IeFL(?) MTR40494
A1) = O(1)eFL(P)*FL(T) uta40493
MAXR = 2#MAXR . MTR4049
RETURN MTR40409
END MTR4050"
FORTRAN LSTOU,DECK 1
NLOSES ,
SUBROUTINE CLOSF, COMPUTES 2 CLOSE ROOTS. MTR405N 2
nrnqoan
U = MATRIX, DIMENSIONED (MAXR,2#NC®*MAXR) MTR40%05
H = STARTING GUESS, DIMENSIONED((MAXR,2eNC#4)+2anCaN) MTR40506
NS1Z2€ = SI1ZE OF MATRIX MTRA0507
MAXR = UIMFNSIONED NUMBER OF RONS OF U aND H MTRADSD .,
MAXTRY = MAXIMUM NUMBER OF DOUBLE PRECISION ITERATIONS. MTR4N509
EPS1 = SINRLE ROOT CONVERGENCE CRITERIA MTR4NH] "
EPS2 = NOYRLF RGOT CONVERGENCE CRITERIA MTR4ANSY |
R= AITKENS CONVERGENCE CRITERIA MTR40517
IRR = ERROR RFTURN INDICATFR. =1, OVERFLOM MTR4051 4
=2, DIVIDE CHECK HTR405Y |

1

=3, BOTH OVERFLOw AND DIVIDE MTR4051%
CHECK. MTR40516 .

ITERS= NUMRER OF ITERATIONS PERFORMED, - FOR DOULE ROOT MTR405Y >
+ FOR SINnLE ROOY MTR40U51:
NC = 1, REAL ?, COMPLFX MTR40519
SURROUTINE €t 0SES (U, H,NSIZE,MAXR,R,EPS1,EPS?,NC, IRR,MAXTRY, ITFRS, nTR40521,
NATTKN, INDEX1, INDEX2, VALUE, MSIZE) MTR405?
DIMENSTION  U(1).  H(L), VALUF(1) MTRA0Y2 5
CALL OVERFL ( 1OVFLW ) MTRANS26
fALL DVCHK ' IDVDGT ) MTR40O52 ™
IRR=N MTR4052
NX=/7eNSTZF MTR4052¢
N2C=2aNE MTR4NS3 ™
CALL CHANGE  (J,MSTZF,NCOMSIZE.MA* (h1) MTR4053,
CAlL CHANBE (H,NSIZE,NC.NSIZE.1) MTR40535
1h=NPCeNST 2t MTR40535
11=1 ntn4nsaq'
17=1116 MTR4053 o
18=12+16 MTR40538
ta=13¢16 MTR4053:7
Ib={4+106 MTRANSA(
Ki=11 MTR4054)
Ka=1? ’

MTR40542
K4=13 M1R4054‘I
K2=14 MTR4054
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ITFRS = 0
100 K=0
160 = 1
120 (TERS=ITERS+1
IF  ( ITERS-MAXTRY ) 140,140,130
130 1F ( K=0 ) 132,140,132
132 TTFRS = ITERS=-1
80 10 an0
140 K=K41
1=K1
Ki=K4
KA=K3
KseK?
K2=1 H
CALL MULTY (U sHIK2)  HIK1) ,NSTZE,NSIZ2E,1,MAXR,NCIZE.NS]12E-
1 NC.2) '
ITNDEX=0
IK=fSe(4~K)aNC
CALL NORM  (H(KL),H(K1),NSIZE,H(IK), INDEX,NSIZ2E,NC, 2
CALL OVERFL ( lOVFLM )
60TO (150,1A0) » TOVFLW
150 |IRR=IRR+1
1a0 CALL DVCHK ¢ tDVDCTY )
GOTO (170,1R4) ,1DVDCY
170 IRR=IRR+?
130 IF ( IRR ) 200,200,640
TEST FOR CONVFRGENGE TO A SINGLE ROOT
20 N0 220 I=1.,.16A,?
J? 2 K24]-1
Js = K’ L4 ""
IF € ABS(H(JZ2)=H(J3))I=-EPSY) 220,220,300
220 CONTINUF
ROTH 750
3in ROYO  (120,1°0,124,38720),K
320 U1=]R+(160+O)8N2C
J2z[5+(160¢5)eN2C
J28 INDEX-2?
JizK1 ’J
JH2K?+ )
J7=K3+
Jozkde)
COMPUTE PN AND 0O N.

MPTRAVSES

‘NTR40S4;

HIR4ES4B

‘MTR40549
‘MIR40550
‘MTR40551
MTR40552

MTIR40553
MTR40555
MTR40%5%56
MTRA0557
MTR4NS5S
MTR40559
MTRAUSHO
MTR40562
MITR4056S
MIR40564
MIR4NSAS
MTRANSA6
HTR40568
MTR40569
MTRA0570
MTR40571
MIRANS 72
MTR40573
MTR40574
MTR40576
MTR40578
MIRANS 79
MTR40581
MTR4NSA]
nIR4ANSA2
NYR4OHA ]
PIP4E545
*TRA058)
MTRAULAR
MTR40590
MTR40591
MTR4NS92
MTRANSO ]
MIR40%94
MTR40596

CALL PO (HUIS), HEJ3), HOJS), HIJ7), HUJ9), HGJI), 1(J2), NC, NXINTR4N597

BOTO (350, 340),16G0
340 Uiz [He48N2C

J2= JyenN?C
Jiz J2eN2C
J4= JA““?C
Jh= 154N2C
Ihs J9+N2C

> TEST FOR DOUBLE RUNT CONVERGENCE AND IF SO, COMPUTF LAMBNnA 1 AND 2.

CALL POLM (HUI2)oHEJ1 ) HUIA) s HOJZD) EPSRIH(JS ), H(J6),»%CHr IR, 160)
BOTD (344, 544,400),1080 ‘
344 IF ( TR ) R4A, 4R, 400
146 14 ( 1TFRS=MAXTRY ) 347,800,800
147 N0 34A =i .N2C
CIRUBRELINYE
H(JS)Y=H(J4)
Jiz)re+1
NVENEED)
Jus e

MTR40600
MTR40601
MTR40602
MTR4D6NI
MTR40604
MTR4060Y
MTR4NA0O
MTR406NS
MTR40610
MTR40611
MTR406%2
MTR40613
MTR4061 4
MTR40615
MTR40616
MTR400617
MTR40648
MTR40539

*n KR




90

148 J4a=Jg441 MTR4067y
‘ 350 x=3 MTR40622
- 160=? MYR4062 ;,
e N0 354 J=1.34 MTR40624
' L=15+(3~J)eNog MTR40625 -.
‘ Liz15+(4=J)aNoC MTR40676 ;
! PO 354  |=1,NC MTR40627 "'
. LaL+(I=1)aNC MTR4062y __
i LizL1+(1-1)sNC MTR4NG2Y9
;! HOL1)=H(L) : MTR40639 =
E 154 H(L1+1)=H(L+1) MTRANATZ]
{ CALL  ATTKNS (H(KI), H(K2), H(K3), H(K4), R, ' ..E, nS12F, NC, 2. MTRANAT, ™
i 1 IR ) PYRAGY Vg
: IF ¢ 1e ) 360,120, 360 FIP4ANRY,
I 50 1=k FTR4NGS/ -
; Kizr4 MTRAGAY -
; K4:=k3 HTIRADASY =
: Ki=k? MTR4NG6AY
i K2z2) MTRANG41
: NATTKN = NAITKN+1 MTR4V647 .
¥ 80TH 100 MTR40D643
L L 400 CALL POH (H(IS), H(JS), H(J6)» H(K1), H(K2), H(K3), n(K4), NSIZE, MTR4ANG4S ~
L 1 NC) MTR40646 °
o BOTN  (404,4n2),NC MTR40648 ©
L 402 VALUE(?)zH(JK+2) MTR40649 _
| VALUE(4)=H(JA+?) MTR40650
. {404 INDFX=0 MTR4065] «
P VALUF(1)=H(J5) MTR4N65?
L VALUE(NC+1)=H(J6) MTR40653 ~
L] CALL  NORM  (H(K3),H(K3),NSIZE.H(J1), INDEX,NSIZE,NC, ) MTR40654
i INDEXT = INDEX NTR40656
. TTFRS = ~ITERS MTR40657 __
s i=K4420 [NDEX-? MTIR4GASH
8 HOJ1)2H(T) MTR4NESG --
X H(J1+41)2H(T+1) MTR4RGH
L BOTO (420,410), N0 MTR40661 -
1 410 T = JaNX : MTRAUBAZ ;|
: H(J142)2H(T) LTR4066 S
; H(H+3)=H(T+1) MTRANCG4 -
1 420 INDEX=-]NDEX MTRAN6A6
: CALL  NO. M (H(K4),H(K4),NSTZE.H(J1), INDEX,NSTZE,NC,) MTR4066/ -°
IF (K -'2) 440,500, 480 MTRANG668
440 P3=13 MTR40669
: 447 J4z14 MTR4NGET7( .
490 K=1 MTR4N671
460 DO 4672 J=1. 1A MTR4ANGT72 --
NI ENEPWES MTR4N67
. RPENT FNER MTR40674
¢ 467 H(J1)=H(J?) ' MTR4NG675H _,
3 no"" “)?"9‘)“'0‘)'40('"").“ "IR40676
A0 48=11 MYR4067/ -
ROTN 447 - MTR4N67H
3 ARD IF ( X3=13 ) 490,490,470 MTR46679 77
| 490 K= MTR406HY
‘ 28=11 MTR40681
, STERE MTR406RBY --
! a0TH 460 MTR40683
500 K=o MTR4N6R4 ~°
432113 MTR “485
Ja=11 MIR4N.., -
0T0 460 MTRANAR) ..
=
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Ji=11
j1a=|?
1070
13=13
3010 512
CALL MANS  (H(I1),HOTIS),HC(I2),NSTZF,NC)
CALL CHANGE (H(I1),NSI2E,2eNC,NS12F,2)
J=NCaNSIZ2E+1
INDEX=0
CALI NORM  (H(J) . H(J),NSTZE,H(T5), INDEX,NSTZE,NC,1)
J=J+ INDEX1 =1
J1=2J4 (NC=1)aNS 1 ZF
H(Jd)=n.
H(J1)=n,
INREX?2 = INDFYX
fall. OVERFL «
BOT0  (A10,A70)
IRR=TRR+1
CALL DVCHK ¢ 1hVvDCTY )
GOTO (63u.040) ,1DVDCY
IRR=IRR+?
CALI. CHANGE
RETURN
IK=15+(4=K)aNY(
VALUF(1) = H(IK)
IK=1K+?a{NC=~-1)
VAL UF(NG)ISH(TK)
INDFX1=INDEX
K=4
Jyz11
J4=K1
IF ¢ K1-11:
160=3
INREXI=INDEX
J=16
J1 =
CALY
IF
FND
FORTRAN LSY . DFCK
MITFRS
A IS STORED IN CORE AT A.
NTAPUT 1S A UTTLITY TAPF,

450

LY
AflA

&6if. TOVFLNW )

« TUVFLW
LR
60

ASN
AdD
700
760

(“n"Sl?Fo“C'"SlZE-"AxRD?)

4AN, 60,460
gan

15648,
LEGIS ¢
IR

H(J),H(J1),FPS1.EPS?,NC, IR )
340, 340,750

LYIN

(MAXR X NCoNPaNSIZE )
FOR CHECK VFCTORS [F DESIRED.

MIR406RY
MTRANARY
MIR40690
MTRANAOL
MIR4N 692
MTR4NG9 Y
MTR40695
MTRA0697
MTIR4N69Y
MTRANT7 Y
HIR4D70Y
PTRACTR
MIRQUIN)
HIR4AN T N4
MTRANT7NH
MTR40707
MTRAN/ 08
MTRAGT709
MTYR40711
MIRANT7Y?
MIR4N71 S
MTR40715
MIRANDT1Y
MTR407/19
MTRAD720
MTIR4NT721
MTRAND?7?22
MTR40723
1TR40724
MTR4072%
MIR4ANT 26
MIR4NT7?/
BTRAN72y
MTR4ANY 3
MTR4073)
NITR41732
MTRAUT73Y
MTR41734
MTR4AN/ 36

MTRAN738
MTR40719
MIRANT 40
MTIR4074
MTR40N742
MTR40743
MTR40744
MIR4N7 45
MTR407 4y
MTR4074)
MTR4N748
MTR4N749
MTR4UT75H0
MTR4N751
MIRADT7H
MTR4D754
MTR4N754

LPSP = FPSILON ONF = SINGIE PRECISION CONVERGENCE TEST HMUMBFR
FPNP = FPSILON TWO = NOUBLE PRECISION .o oo .o
NC = 1, IF REAL NP = 1, IF SINGLE pRFCISION
?, IF COMPIFX =' 2, IF DOUBLE o0
NGUFSS = 0, IF FIRSY BUFSS 1S TO RE A CO_UMN OF ONES.
MODNUT = NO. OF MODFS 10 RE COMPUTEDN, .
NAKSKR - NO, TIMFS ATTKNS ACCELERATINN WAS USEND IN SINGL: PRFCISION.
NAKDR = . .. .o o e °0 o DOURLT ) .
MAXSR = MAXIMUM TTFRATIONS ALLOWED IN SINGLE PRFCISION.
MAXNR = X oo o .o DOUBLF. () .
IRR = | RROR RETURN = 1, FOR OVERFLONW
7. FOR DIVINDE CHECK
3, FOR ROTH OVERFLOW AND DIVIDE CogCk
NS17F = N0, OF RDWS ANDI COLUMNS OF A
RSP = K, ALTKFNS ACCFLERATION CONVERGFNCE CONTROL FOR S'NBLF PRECIS.
KNP = R ATTKENS ACUFEFRATION CONVFRBENCE CONTROL FOR ~QUBLE PRECIS.MTRINTZSY
MAXR = DIMENSTONED NUMRER OF ROWS OF A AND GUESS

SURROUTINE MITFRS(A,BUFSS,NGUESS.NSIZE,MODOUT,MAXR, N, FPSP,EPDP,

MIR4V756
MTF40758
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1 NAKSR,NAKDR, MAXSR,MAXUR,RSP,RDP, IR?,H,VECIOR. MTR407%Y
? VALHF.NITER,NTAPUT,NTAPOT) MTR4AN7AY -
DIMENSION  A(1), GUESS(1), H(Y), NITER(1), NAKSR(1), NAKDR(1), M1R4u7asj
1 ATITLE(Y9)Y, VFCTOR(Y), VALUE(1) MTRANT7 64
DATA  (ATITLF(L).[=1,9) 7 1uH OVERFLOW. . 10H . MTR40/60 o
1 10H DIVIDE . 10k CHECK . LOH IN MTIR40/A/
2 tuH CLOSF ' L"H SHEEP » JOHSUBRO"[INF , MTR407648
3 10H / MTR40769
Lt FORMAT (1LHN 95X, 6H MODE  14X. 11H EIGENVALUE 10X, MTR4077) "
1 24HTTFRATIONS S.P. N.P. 6X, 20H AITKENS S.P. V.Pe MTR4D77?2
? /111 ) MTR4NT7 7 4
12 FORMAT (1H 11V, 2F19.8, 1122, 11/, 1119, 11/) MTRAN774
14 FORMAT (10 Y11, 1F29,R, 1131, 117, 1119, 117) HTR40775;I
16 FORMAT (1THU 11A, AZH MODFS ARF CORRECT, COMPUTATIO TERMINATFD.)IMTRA0776
1R FORMAT (15HUMONIFIRD MODF 114, 721 1S CORRECY, TroyE MUDE MTR4077)
1 20H CANNOT HF COMPUTED. ) HIP4n77aI
N FORMAT (14N /77 THU 46X, 14H RIGENVFCTQRS /7 ) MTIRAH T 1Y
2?2 FORMATY (1H1 10X, AAH CHECK EIGENVALUES AND EI1GENVE~TORS /Il MIRAUTR.
1 (At1h.8) ) WIRAITE,
24 FORMAT (5 MODFE 114, 20H HAS NOT CONVERGED IN MA¢iMUM n1a4«7ﬁzzl
1 172H ITERATIONS ) MTIRANTRS
26 FORMAT (37H1s22ae FRROR IN ITERATION SUBROUTINE PA1O ) MTRAN764 o
CALL OVERFL ¢ TOVFLW ) MIRAG7Rs |
CALL DVCHK ( IDVDCT ) MTR4UTR/"
MSIZ2E = NSIZF MTR40/RY
1STZF = NCoMAXR MTR40789 T
IRR=0 4TR40700
C FIND A AND STORE NN TAPF IF NECESSARY. MTR4AU792
IF ( NTAPUT 107.107,100 MTRANTO3 ..
100 REWIND NTAPHT MTR40794
M=NSI1ZF«1S]ZF MTRAD7O5 "
WRITE ( NTAPUT ) (ACIY, 121, M) MTRAD/96
RENIND NTAPUT "'R4"’°’Vf
112 1F  ( FPSP ) 10A, 104,104 MTR40799
104 FPSP = .5F~-un MTR4GBOY
106 1F  ( FPRP ) 110,10R,110 MTRA0BD, +
108 EPHP = ,9E=NA MTR40EN, !
110 JSI17E=NSIZF#(NC=1) MTRAGENS
C NFFINE FIRST GUESS. IF NOT GIVEN. MTR40OBN/
IF ¢ NGUESS ) 111,114,111 MTRADBOY
111 IF  ( MAX =NSI7F ) 116,1)4,112 MTR4OAT Y ~
21?2 N0 118 I=¢.NSIZE MTR4UB1
J= NSI/Z4 o MTR4NRTIZ ™"
Ji= MAXR+ 1 MTRANABT Y ..
N3 BUESS(II=GHFSSIT) MTR4IH] 4
ROTN 116 MTRAOHTS -
114 O 115  F=1.NSI2F MTR4NBY
J=JSTZF 1 MIR4OBIY -
CUESS(J) = n. MIRAGHET Y
115 GUESS(1)=1. MIR40AE?Y
€ DEFINF PROBRAM LNNSTANTS. MTR4UBP? '
116 MODF = o MYR4UB? 4
=) MTR4NR2Y
17 = 1141S17F MTR40H?6
1§ = 12+1S12F MTRAOHD /
. St Y FOR MONDE CONHNT MTR4NB2Y .,
140 MOnE =M0GE ¢ MTR4DR A1
KSI/F = NGCeMS7F MTIR4NRI, =
LA} ( MOBE=- MODONTY ) 140,190, yn MTRANHBIS
140 NSRAK=1 MTR40HYy *
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PSSR
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Gl ST CmggrtuTescaas
B ot

e
S e R Y

A TN Y
SR

e

NDRAK=0

[TERSR=1

1TFRNDR=

Ki=11

K2=13

K$=]?

PO 150 K=1.NC
Ji=(K-1)aNSIZE
Js (K«1)eMS]Z2E+K1=1

N 150 J=1.MSIZF
J=J+1
Ji=d1+1
190 HU DI =GUFSS((JY)
152 NAF=NH

150 NAY=NAK+Y

1542 1TFRSR=JTERSR 1
1F ( 1TFRSR=MAXSR )

170 l=K)
Kt=k3
K3z=k?
K?2=1

SFT ... NDW MAKF ONF 1TFRATION,

FALL MULT (A H(K?2),H(K1),MSIZE-MSIZE,1,MAXR, MSIZE,NS12E,NC,1)

INDEX=N
Th= JS+KSIZE+NMNa( <=NAK)

93

170,170,250

CALY NORM (H(K1).H(K1),MSIZE.H(IK).INDEX,MSIZE,NC»1)

CALL OVERFL ( JOVFLMW )
ALl DVCHK ¢ IDVDETY )
GO0TO (180,1R2) . JOVFLW
140 TRR=TRR+1
182 ROTH (184,184 ,1DVDCY
184 TRR=]RR+?
186 1F ( IRR )
190 BOTD (160,290,201 ), NAK
200 N0 210 l=1,.KSIZE
J1=K1+1=-1
J?7=K?2+1-1
1t ABS(H(JL)=-H(J?))=EPSP )
21N CONTINUE
ROTN 4NN
220 6OTO (160, 1AN0,2%4), NAK

190,1090,A0N

240 CAIL AITKNS ( H(KI), H(K?),» H(KS),

1 1. IR
1F ( IR )
242 | z=PaN(C
JaTkef
" 7?44 I=1.1,NC
J12JeNC=]
JZ2e =141
Jyz )1 =NC
Jaz)?2«NC
H{JI)=HJA)
244 H(J2)Y=H(JA)
auTH 16?2
240 1=K
Ki=kid
Ki~k?
K72«
NSRAK=NSRAK+?
AOTN 147

240,242 ,%aN

210,210,220

RSP, MSIZ2E. MSIZE,

MTRANRIG
MTR40837 |
MTR4CBIR |
MTR40840
MTR4NB4L
MTR40842

MYR40844
MTR4NRAS
ATR4NR4SL
L TILXY;
wIRANEAR
HIRAKNAY
HIRANES Y
MIRANHS
MTRANKSY
MTRAOASY
MTIR4NKS /
MTR4DBSY
MTIR40KHD
MTRAD AL
MTR4NRK2
MTR4NBAA4
MTRANBSES
M(R4NRKG
MTIR4DHAN
MTR4DEAD
MTRAOETD
MTRAOB7 2
MIRANKT
MIR40H7S
MIR4DB76
MTIR4O0RKT7 7
MTIR40R7H
MTIR4OBARY
HTR4NHAR?
MKIR4ANBRY
MTRANHBS
MTR40ORKAG
M RA40HR/
MTIRANARRSE
MIR4NABRY
MTR4UB91
MTR40D893
MTR40804
MTR4UB9Y

MTR40B96 °

MTR4089/
MTIR4NKOY
MTIRANKEO9
MTR409QL
MTR40901
MTR409n02

‘MTR40904

MTR4030 4
MTR40905
MTR40907
MTR40908
MTR4N949
MTR40910
MTR4NOS 1
MYR40912
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24D
249
264
264
27n
212

274
230

1

242
243
744

2uA
?4R

290

292

7294
796
298

1

a0
In?
Iu4
R LTS
i

3N

94

ALY OVERFY ¢ Tavilw )
CALY NVCHK ¢ 1nvnceTY )
BOTO  (260,7472) ,10OVFLWY
IRR=IRR1
3070 (764,74n) ,IDVDCT
TRR=1RR+?2
If  C IRR )
IF (K1-11 )
NgG 274 1=3,.KSI12¢
J=Ki+1=1
Jizi1+1-1
H(J1)Y =2 H(D)
J=(MODF=1)eNM+1
ITFRSR=] TERSR-1

270,270,400
P12,280,27?

CALl  CLOSES(A.H(I1),MSIZE . MAXR.RDP,EPSP.EPOP,NC, IRR. MAXNR, I TERUR,
NDRAK, INDEX1, INDEX2, VALUE(J),

1F ( IRR )

IF ( 1TERDR

IF  ( KSIZE=~-1S1ZE )

1 = [14+42eKSI7E

17 = 172+KSIZF

N0 286 [I=1,KSI7¢:
Ji= Ji=t
Jr= J2-1
HOJZY=H(J1)Y

INRFX = INDEYX:

INDIX = INDEX

M1 = NSIZE-1

J1=INDEX

IF ( Jt=M1 )

N0 296 K=1.]1S1ZF
L=(K=1)eMAXR
Li=L+ INDEX
HOLD= A(L1)
pn 294 =1, Mi

IzL+J

ACT)Y = A(1+1)
A(l+1)=HOLD
1.=NSIZF-MONF+1

J = (MODF -1) = NG & MAXR +1

CALt SW.EPX (VECTOR(CJY, A, H., A(L),

P87,7°8%,610
203,280 ,248R
284,288,780

INDIX, PSP, NSIZE, NITER(MODOUT+1)

CAt oOve R ( 10VFLW )
CAll  DVCHK « 1DVDRET ) !
BOTO  ( don, 3 u») ,JOVFLW
TRR=IRR+1
BOTO ¢ Su4,sunr) LTIDVDCT
IRR=IRR+?
IF C IRR )
T=(NC=1)aNS|/F
NO 31?2 JsINUFX.NSIZE

1 =1¢d

GUFSS(I Y=GURESS(L*)

CUESS(J)=BUFSS(J*1)
MSTI7F = MSI/F-t
NITIR(MODE) - TTFHRSR+ITERDR
NAKSR(MODE )= NSRAK
NAKHR(MODE )= NDRAK
IF C TTFRDR
MODE=MONF ¢ 1
TTFRDR==1TERDR

J1N, 810,420

320, 861,360

292,292,298

MYR4NO91 4
MTR4O91Y
MTR4NY914
MIR4NO1 7

MPTR4UO18 .

MTR40919
MTR4092y
MTR4ANGY
MTR4NG24
MTR4ANG25
MTRA4NQD
HIR4NGD
’l"ﬂgf‘:\,') 13
MTR4HQD Yy
“TR‘onb
MTR4NOT,
MTIRAOGAY
MIR4NY4
MTR4NY94 ¢4
MTR40Y% )
MTR4095]
MTRAUYS /!
MTRA4119% 3
MTRANY% 4
MTR41GKY
MTR4NOS/
MTR4NYSY
MTR4NGHY
MTP4"GAY,
ATR4Syey
WIR4NGL D
MIR&GNGAH S
MIRA4ANGK4
MTRANYAS
MTIRA40946
MTRANY9G/
HTR4094H
MTRANYGAHY
MIR41970
MTIRANYT?

3
G

-t

YRE R UOTS S

bt B Sy

MIR4NG?/ -

MYR4U0Y7H
MIRA4A0979

MTR4U9AY .

MTR4NGHY
MYR409R Y
MTR4AN9A4
MIRANOHY
MTR4NOQORA
MTR4NIARY
MIR4GIRY
MTR4099Y
MIR409]
MTR4099
MTR409Q4
MTR4009H
MTR4GY9n
MTR409Q9/
MTR4099H
MTR40999
MTR410D0
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NITER(MODE=~1)= 0,
INDF Xz INDFX?
IF ( INDEX=NSIZF )
326 1IF
350 INDIX==-INDEX
~INDI X=INDEX-1
B0T3 447
340 INDIX=~-1NDEX
1472 CONTINUF
11211+ 1SI1LF
17212+1S12F
14=13+1S12E
NAKSR(MODF=1)
NAKDR(MODE=-1)
BOTN  29H
11211+]S12ZF
12=11+1S12E
13=12+1S12E
a0TO 130
400 IF ( K1=-11 )
410 NG 412 (=1.KSI7E
JsK1¢l=1
Ji=its =1
H(J1)Y=H(J)
414 J=1,NC
1= NCo(MODF=1)0e |
Jiz[KeJ=1
VALYE(1)=
INRIX=INDEX
t0T0 290
540 MODE=MINF -1
IF  ( MODE )
U2 IF ( NTAPUY )
604 READB ( NTAFITY )
CAbd
na 506 J=).MNDF
Jz (l1=1)e]1517F
JU oz (T=1)aNfe
TMDEX =1
54k ALl
sSI0 IF (
512 WR]IF (NTAPOT . AN )
nn  ®»72? 121, MONF
Ji= MAXSR

it 1

Iah

41°
413 no

414 H(J1)

NTAPOT )

J7z NITER(T)-MAXSR

1 « J?2 )
JISNTTFRC)
Je=n
to 10
ik 1t (
616 WRITF
Yyt co 10
SN WRITF
notTo
Hoon NEE Y N

WRITF (NTAPOT, 1)

w1/
J2=MAXDR
(NTAPNT,?4)

(DIR,H20)
(NTAPOUT, 1)
he?

|
24P

CONTINUIE
JeNC s MODF
(NTAPDY, 20)
(VECTORSNSIZE.J. MAXRINTAPOT)

WRITF

rAl)l MPRINI

( INDEXY-INDEX? )

MULT (A,VECTOR,

95

JZ26,390,350
330,330,340

410,413,410

540,640,502

K1 590,604
(AC]), 121 . M)
H,NSTIZENSTZF, MODE, MAXR, MAXR, M* XP

530 .hA, "

Gl14,516,51"

H17,%1hs51 4

o NG

o VALUECIY. J10J7,

Io VALUECI=1),
NAKBR(])

VALUR(J) e U1, U2,

'NCY 1)

NORM (”(J)DH(")O”SIZFIRUFSS‘IJ:,n'NnEXa"AXR svGrl)

NAKSR(I),NAKDR(I)

NAKSR(1),

MTR41001
MTR41002
MTR4IDNS
MTR410U0G
MTR41005
MTRA1NNG
MTR4INN/
MTIR41NNS
MIRAYNNY
MTRAINY N
PTR4INT L
MYIR4INY 2
#YReT 1)
1 2 TRREY
*TR&4IL1>
MIRAT U/
MTR4INIL
MTR41H19
MTR41G29)
MTR41U2?
MTIR41073
MTR41024
MTIR4107>
MTR41026
MIRA14??
MTRA1028
MTR4LO?P9
MTR410S0
MTIR4103]
MIR41 032
MTR41034
MTR41035
MTR4LN3G
MTR41037
MTR41O3Y
MTIR4104Y
MIR4Y N4
MYRALID A
MTRAT 14y
MTRA1D 4
MIR41NAY
MTR41 05y
MTR4115
MTRALNY
MTRA105

- MTR410H4

MTR4105%
MTRA10%0
MIR410%/

. MTR41UHH

MTR41059
MTR410h60
MTR41062
MTR41064
MIR4146%
MTR41060
MIR410A
MTR4LUAY
MTR41u6Y
MTR41670
MTR41p71

i

024 aeay AL



N e B - +
96
if ( NTAPUT ha0,%80,85249 MYR41 7y,
574 WRIIF (NTAPNI.?9) ((GUFSS(1),1=1,4)) MTIRI1 w7 .
At MPRINI ( H.NS}ZF.,J,MAXR +NTAPOT) MIR41 470
530 QRETURN MYR41n78
490 NITER(MODE) = TTERSPR+ | TERDR ﬂrR4tur§'
NAKSR(MODE) = NSRAK MIR4Y Ry,
NAKNR(MNDE) = NDRAK MYR4INR
if ( NTAPOT ) Suf,Hayn,ant MIR4T G A
Y ENTY MIR41 A -
Ji=4 MTR4Y &4
BOTH  (AR2,km04,600), IRR HTR4r s,
AN? Jy=. HIRAY 2y
s5OTH (3T AR o e
hud =4 PTIR4T DRE
Auh WHITF (NTAPOT.?24) (ATITLECE) 124,01 PIRAT R
GOTG 650 MIR4l o
Aih Yo=n MIR41091
Y2 NITER(MODE) = JTERSP+ITERNR FIRAT0G /.,
NAKSR(MODF) - NSRAK MTRA100.
NAKHR(MODE) = NDRAK MIRA1G94™
IF ( NTAPOY 531,580,413 MIR41n0y
AT )z MTRA1 49
Jrz4 MIR41 G/,
60TN (614,0616,611), [RR MTR4luyy
Ald Ji=y JIRAV(IG gy
BOTO 418 H]R4l)nui
1h =3 MTR41101
'R WRITF (NTAPNT.?6) (ATITLECD), 124,010, (ATITLE(S)), MTR41102w
(ATITLE(U?)), (ATITLF(1),IzH,9) MIR4T Ty
IF ( J2=6 ) AN, 600,627 MYRAYINA
AN 2=y MIR41104
ROTO K12 FIRaljn/T
672 MRITE (NTAPNT,.1R) MNDDE M]R4111ui
IRR=0 . MTR4111
J= (MODE~) )sNCaMAXR MIR41132
U IV VS YT P 1 FIRA111s ]
Jir=ge} MIR41]14~
JrsJ+ (NC=1)aMAYR+ MTR4111%
VECTOR(U?2)Y =y, MTR4A1116 ™
hr4 VECTOR( U1 ) =11, MIR41117
R0T0 3@ MIR41t 1y
AN T=MUDE- MTIR4A112y -,
WRITF  (NiAPDT. 1K) I MTR41121
GOTO  Han MTIR4112¢ "
FND MTR41124
FARTRAN 1STN0. DFECK
C SHFEPS .
r SWFFpPY SUHBROUT | NE WTR4112¢6
e MIR4117/
CCOMPUHIFS IRUF MODY AND SNFFPS 117 FROM THF MATRIX. (REAL R COMPLF X MTR41128
n MIR41129
£ HTRUL - TRUF MODAL COLUMNS, AS COMPUIFD, U = NPYNAMIC MATRIX. MTRA113y .
N H : SFERIFS OF Manfs 1£D MONRAL COLUMNS . FL= COLUMN 0OF ¢ [GENVALUES, MTIR41131
M S = SFRIES NF NMONTETED MONDAI ROMS OF U. MTR41132 -
(4 MONE = MODF NOW REING COMPUTFD. N = SIZ¢ MTRA1134
M MD = DIMENSINNFD NUMBER OF ROWS OF U, US H,HIRUF MTR41134 *°
n NX = | IF PROMIFM 1S RFAL. MIR4T13n
" = 7 IF PHOHBIEM IS COMPLFYX. MTR41134
SURKOIT I NE SWFEPX (HTRUF. U, H, US, FL. MODE, N, Mr. N, INODIX, MTR4L13, .
! EP, MSIZF. INPIS, IRR) MTR41138
NIMENSTON He1), USe1)Y, yel)y, HTRUE(L), FLC(1)Y, G(4) INNIS(T) MTRAY O

vl

R
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e e AL

Syl gl s v e AR

frop o atovins st ey

Uur-_. nlihiind e

7n
/9
74

IS
Hn
an
tan
1492
114
1u5
1UA

17
1108

122

1448

174
12h

126

1/7R
129

97

IRNE X=TABSCINNTIY)
INDIS(MONE) = INDEX
Mz=MDE-1
KisMextNeM])
NN=NCesMND
K2=MS{2FE-M
IF (M)
ROTO  (1403,72) LNC
IF ( MSIZE~-MD )
L=K1 428N+ )
Kz=K1+MDeN+t
NN 7a 131,N
V:'-’
1z =1
HON)=H(L)
HiL)=0,
GOTH  v4l
npg 99  I=t,M
J1ZMONF+ ]
INDESC(JL)=INDISC(T)
TF ¢ INDIX )
K?2=K?+1
MzMa1
JizkteK P aNC?
J2=h1+MSIZE«NC
IF C J1=02 )
no 116 I1=J1.4?7
H(l)=n.
GO 10 (114,)08),NC
JizKYeK?24MD
J2=K1+K2#NCH !
ng 110 J=zt.K?
Ji=sgt=1
Jr=Jv2-1
H(J1)Y=H(J?)
1IF (M)
no 112 J=1.M
H(J?)=n,
Jrsd2et
1F (M)
1=
no 140 f=1,M
nn 12?7 Jz1 .M
J1=MODF ¢ )
IF C 1L« INBISCIY))
CONTINUY
Ti=111
cotT0 121
INDISC(JIL) =0
L] ¢ INDIS(MUDEDY-TT )

70.7a,H10

74,140,140

102,104,104

118, 1)h,1 19

INDIS(MODE) - INDISIMORE) e
| =MS178-11
"ot ) 129,129,176

Jis KL eMS 21
Jre K1 tMSIZF ¢ (NC=1)eMD
no 128 -ttt

Jr=91-1

J72=)7-1

H(J?2¢1) = H(I?)

H(J141) = HOJ)
Jr=K1e+ 1|

tus,1u6,947

11R,11AR,120

122,178,127

125,174,124

MIR411ho
MTR4115/
MTR41158
MTR41159
MIR411AY
MTRe1161
MTRAL11IA2
HIR411AL
HIRATIAS
PIRALILIAS
HTRA11AY
LI LY]
MTR411¢0
MTIR41169
HIR41170
MTIRSG1171
MIR41172
MTRA117
MTR41174
2TR41175
MIR41176
MIRA117/
MTR41178
MTR4A1179
MIR41IAY
MTRA11A]
MTR411R2
MTR411RY
MTR41184
MTRA11HS
PTR41160
MPTRAY1IR)
MTIRA11KkS
MIR411RY
MTR41190
#TR41191
MIR41192
MTR4119
MTR4Al104
MTR411 9y
MTR411090
MIR4°19)
MTRAY1IOH
MTR4119Y
MIR41 2Ny
MIR41 201
MIRA12D2
MIR41204
MTRA1204
MIR41205
MTR41 2006
MTRAY 207
MTR41208
MIR41209
MIR417210
MTR41211
MIR41?21¢
MIR4A121 3
MIR41214
MTR41215
MTR41216

<<.*s‘£{’n; Ta M
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JrzJ1a(NC=1 )sMD MIRA121/
H(Jt)=0, MIRAa1218 ;-
H(J2)=0, MIR41219 |
130 CONTINUF MTR4122y "
IF ¢ INDIX ) 118,180,141 NTR41221 _.
1R MaMet - MTR41222
3 141 D0 132 I=1.M MTRC12284"
J1=MONE+ ) MTRA41V 74
A 142 INDIS(JLI=INDISCD) MTR4127> "
‘ 11=1 MTRA1?2%6 .,
; N0 138 I=1.M MIRA122/
: 133V DO 1154 J=1.M MIR4122K--
i J1zMODE+ | MTR41229 ¢
i 1IF € 11-INDISCIY) ) 1134,1185,1134 MTR41230""
¢ 1134 ‘CONTINUF ‘ MTR4124) __
i 11a1]ed MTRA12 3,
: /RATO 143 MTRA12) 3=
E 1145 LIZ(NCAMSIZi-1)eMD+MNDE+? “TR4172354
- 1 A= (MSTZE-T1)eNN MTR41735
: INDISCHY) = WTR412%0
: L TUR IKT RN ER I T MIR4123/
: J2zL1=0J-1)eMn-1 MIRAlz 4 _,
i 1IF ¢ La=-NN ) 19R, 194,134 HIR4135.
: 144 D0 134 1=1,L3,NN R MIRA4Y 74( =
| Jr=i1-t , N MTRA1241
L J72J1-NN N MTR4124777
S 1364 HS(J1)=US(J2) ~ “TR41Vas
L ti1=sL1-Mi . MYRA1Z44
: 13m ustJ2)=r, MTR41 745
SR 140 RO 142 [=1.NN MTR412406
3 { JizK1+1 . MTR4174/°"
: 142 HIRUE(TI)=H(JY) - MTR41248
i ' F (M) 31.81,8 MTR4124y;
{ RN 25 [=21,M MIR4125y..
: K=MNDE-~ | MTR41251
i LisNCeMhe(K=1) : MIR41252--
y CALL  MULY (USC K ). HTRUF, G. 1, MSIZE, 1, MD, M, 1, NC. 1 ) MTR4125s
{ IF ¢ 6(Y) ) 12,9.12 MTR417259
2 80 10 (11,18),NC MTR41Z44, .
! M IF 8 12,11,12 PIR41261
! } t1 JRR=IRR? LB X RAVE ISP
j ; 12 NONY INUI WIRLL V-
AOTN (14,19).N0 MIRAY 6
T4 1F CARSCFLORYZELIMONF) =) o1)) 19, 15,16 MTR41 265
LRGERN ) MIR41266
AOTO 1/ MTRA126 /..
; 16 A=(FL () =L CMODEDY)Y 2 4 MTRA1 76
] V2ne Y8 U=, MSIF MIR4126Y "
(TR O MIR41770
LA HTRUFCJI) =MLY =BC1 e HTRUE ( J) MTR41271
oot 2y MTIR412/7¢
10 K=2uK MIRAT27Y
=2 aMON '411?41’/74,§
IFC AHSUURE(K=1)0FL (J=1)sFLIKIOFL(J))/(FLCI=1)0020F1 (J. +#2)=1,0) MTR4127%
! -FP) 20,20,7, MTR41276
AOE O ARSOCFECRYBFL(J=1)=Ft (K=1)0FLCJ)) 7 (FL(J=L)oa24FL(J)ee?)) MTR41277..
) -t P) 21,21.,22 MIR41274
21 BV )=}, MTR41 279"
NE2)-n.0 MIR4178y
_tn 248 MTIR41281]°
; 22 ACAIZR(IIEn 0 R(2) 00 MTR4128%
f BARRPB AR Brrmnstrsr 4o N . [ !
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49
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438
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99

0(4)=(FL(K\-rL(J))06(1)-(Fu(K-1)-FL(J-t))OG(?)
0(1)=((FL(K-*)-FL(J-1))OG(1)'(FL(K)-FL(J\)'B(Z)) /7 6¢H)
R(2)= G(4) /7 B(H) T
N 24 Jir=\,MS1ZEH
K2=J1¢MD -
L=t1+e
1221 +MD
G(I)=HTRUE(JV) .
HTRUE(J1)Y = H(L) + G(?2)*HTRUF(KZ) ~G(1)YsHTRUE(J1
HTRUE(K?)= H(L?)- G(1)*HTRUE(K?)=G(2)#6(Y)
CONTINUF
CONTINUF
{=n .
rall. NORM ( HTRIF,HTRUE. MSiZF, G, 1, MD, NC, 1)
i =1
17 = |
La = MONF
ng 43 1=1.,MS17E
REN]
7242
tazK1¢d
nn 33 MM=1 . MONF
IF ¢ I ~INDIS(MM) ) 33,339,348
CONTINUF ‘
ne 37 J=V,MSIZE
po I MMz1,MDDE
1F  ( J=INDIS(MMY ° 35,37, 3%
CONTINUE
VLYY = W(12) = H-ta;-US(LA)
8079 (3R.38),NC
J3=r LieMn
Jaz L2+MN
Juz LAeMD
J6z Li+mD
HEISI=UCIaY=H(TL S)aliS(JD) - H{JA)aUSILAY)
UEL1YS UCH 1) ¢ HEJA)eyS(In)
CONTINUL J
ti=t1 :
L2212} -~
LS$=13+¢1 -
6utT0 41 )
1 ¢ [=INDIS(MODE) ) A3,47,49
Ji=J1 +NN
J2=02 +NN
1 az| A+NN
.42 (MSTIZFE=MNONE YENNS
N w2 Jzi,NC
14 2 14 ¢ (J=1)9MD
L1=1 A+ (MSTZF-MODNF )~
no %2 1=L4.01
netlrsne.
Rt TURN
f'ND
FORTRAN 1 ST, DFEK

. CHANRES

?!,

in

SURFOUTINE  CHANBE (A, M, N.MAXR, TCHUZ)
NIMENSION  ACH)
M=, #MAXR
B0 10 (AN, eny L 1GHNZ
np 12 1=1.,N
K= (N-T)*MAXRI M+

MIR412R9
MYR41284
MIRA128
'MIR41286
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SECTION 10

NOMENCLATURE
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NOMENCLATURE

Element of flexibility matrix, in./1b

Generalized amplitude coefficient of rigid-body modal series, in. or rad
Reference semichord, ft

Element of oscillatory aerodynamic influence coefficient matrix, dimensionless
Control point force, 1b

Structural damping coefficient, dimensionless

Control point deflection due to rigid-body motion, in,

Element in rigid-body modal matrix, in, or dimensionless (see Section II)
Control point deflection, in.

Flexibility matrix normalizing constant, dimensionless

Reference reduced frequency, dimensionless

Element of mass matrix, 1b.

Element of complex mass matrix (includes aerodynamic effects), 1lb

Element of generalized mass matrix, 1lb., in.-1b, or 1b-in2.

Element of sum of generalized mass and aerodynamic matrices, lb, in,-1b,
or 1b-in?.

Element of generalized aercdynamic force matrix, 1b, in.-1b, or lb-inz.
Number of rigid-body modes

Reference semispan, ft (i.e., span measured from root to tip)

Element of dynamic matrix, in,

Velocity, knots

Element of aerodynamic weighting matrix, dimensionless
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IS A

SYMBOLS (continued)

A Eigenvalue, A = XR + ikr, in.

p Atmospheric density, slugs/ft3

£ Frequency, cps

Matrix Notation

[ ]Square

g { cotumn

[ jrfranlpoaed
fij Unit
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