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COMPUTER PROGRAMS FOR CALCULATING AND PLOTTING
THE STABILITY CHARACTERISTICS OF A BALLOON
TETHERED IN A WIND

By Robert M. Bennett, Samuel R, Bland,
and L. Tracy Redd
Langley Research Center

SUMMARY

Descriptions are presented for six related computer programs for calculating the
stability characteristics of a balloon tethered in a steady wind. Equilibrium conditions,
characteristic roots, and modal ratios are calculated for a range of discrete values of
velocity for a fixed tether-line length., Separate programs are used (1) to calculate longi-
tudinal stability characteristics, (2) to calculate lateral stability characteristics, (3) to
plot the characteristic roots versus velocity, (4) to plot the characteristic roots in root-
locus form, (5) to plot the longitudinal modes of motion, and (6) to plot the lateral modes
of motion. The basic equations, program listings, and the input and output data for
sample cases are presented, with a brief discussion of the overall operation and limita-
tions. The programs are based on a linearized, stability-derivative type of analysis,
including balloon aerodynamics, apparent mass, buoyancy effects, and static forces which
result from the tether line.

INTRODUCTION

Tethered balloons are used for many purposes such as supporting antennas or
carrying measuring instruments aloft. Dynamic instabilities during high-wind conditions
often limit the operation or utility of these devices. Although some limited early sta-
bility work (refs. 1 to 2, for example) and more recently some work including cable
dynamics (refs, 3 to 6, for example) has been done, a systematic study of the factors
involved in the stability of tethered balloons is apparently lacking. The Langley Research
Center has undertaken a research study to develop methods for stability analysis. Por-
tions of this study are given in references 7 to 10.

The purpose of this report is to list and describe the operation and use of six
related computer programs for calculating the stability characteristics of a balloon



tethered in a steady wind and for plotting the results. The analysis on which the pro-
grams are based is given in reference 8. It is essentially a linearized, stability-
derivative type of analysis of dynamic motions in either the longitudinal plane or in the
lateral plane. Buoyancy forces, aerodynamic apparent masses, and the static spring
forces resulting from the tether cable are included, in addition to the usual static and
dynamic aerodynamic terms.

A listing of each program is given along with a listing of input and output data for a
sample case. The overall operation of the programs and some of their limitations are
discussed. Usage descriptions of several of the basic subroutines are given in the
appendix. '

SYMBOLS

In addition to the symbol definitions given here, symbols relating to the input data
are more specifically defined in the sections of this report which describe the input data
required by the programs.

A matrix of coefficients of acceleration terms in equations of motion
B matrix of coefficients of velocity or rate terms in equations of motion
C matrix of coefficients of displacement terms in equations of motion
Cp drag coefficient, D __
pV28/2
c 1ift coeffici L
L coefficient, ey
pV28/2
Rolling t
C; rolling-moment coefficient, olne r_nomen
pV2sc/2
Cm pitching-moment coefficient, ————
pV2se/2
Ch yawing-moment coefficient, Yawing nr_loment
pVZSc/ 2
Cy side-force coefficient, Side force
pV2s/2
c reference length



HIT

drag force, lift force, and pitching moment, respectively (see fig. 2)

tether cable diameter (see fig, 2)

component of distance from reference point to center of buoyancy (see fig. 2)
component of distance from reference point to center of mass (see fig. 2)

component of distance from reference point to center of mass of balloon
structure (see fig. 2)

pitching moment of inertia abeout balloon center of mass

tether derivatives defined by equations (16) and (18) and equations (22) and (23)
component of distance from reference point to center of buoyancy (see fig. 2)
component of distance from reference point to center of mass (see fig. 2)

component of distance from reference point to center of mass of balloon
structure (see fig. 2)

component of distance from reference point to attachment point of tether line
(see fig, 2)

mass of balloon structure and contained gas

My g.My 3,M7 5 aerodynamic apparent mass in body-reference X-axis, Y-axis, and

2

Z-axis directions, respectively
number of degrees of freedom or quantity defined by equation (12a)
perturbation roll rate
quantity defined by equation (12b)
perturbation pitch rate
generalized coordinate

gquantity defined by equation (12c¢)



X,¥,2

Xl,Zl

70171

8,0,y

Im(p)

Re(x)

perturbation yaw rate

reference area

tension of tether cable at lower and upper ends, respectively (see fig. 2}
time

component of distance from reference point to attachment point of tether line
(see fig. 2)

perturbation velocity along stability X-axis
velocity

structural weight of balloon (see fig. 2)
weight per unit length of tether cable

coordinate displacements in body-fixed stability-axis system with origin at
center of mass '

coordinates of balloon center of mass (see fig. 2)

perturbation angle of attack

trim angle of attack

angle of sideslip

angles between the horizontal and tether cable, respectively (see fig, 2)
angular perturbations about the X-, Y-, and Z-axis, respectively
characteristic root

frequency

decay rate



) variable defined by equation (12d)
p air density

T variable defined by equation (12e)
Subscript:

R reference point

Dots over variables indicate differentiation with respect to time.
GENERAL DESCRIPTION OF PROGRAMS

A linearized, stability-derivative type of analysis, such as the one considered here,
generally results in a system of simultaneous, linear, ordinary, second-order differential
equations with constant coefficients. In order to examine the stability of such a system, a
solution of the form q, = Eli eM for exponentially varying motion is assumed, where q;
is a generalized coordinate and q; is a complex constant. The resulting stability deter-
minant is of order n X n, where n is the number of degrees of freedom, and has ele-
ments that are quadratic in A, Thus the determinant has 2n characteristic roots or
eigenvalues. For solution of the stability determinant, the use of a standard eigenvalue
computer subroutine requires a transformation to a 2n X 2n determinant with A on the
principal diagonal only (see description of subroutine QUADET in the appendix). The sign
of the real part of A, Re(}), signifies growth or decay of a mode of motion of the system,
with Re(d) > 0 indicating a growing motion (instability}. Additional insight about the
mades of motion of the dynamic system can also be obtained by substituting each charac-
teristic value into the stability determinant and solving for the associated modal ratios
or eigenvector elements.

The six programs described herein calculate the characteristic roots and modal
ratios for a range of discrete values of velocity for a fixed tether-line length and plot the
results. These programs are:

(1) Program STABLTY for longitudinal stability calculations
(2) Program STBLTY? for lateral stability calculations

(3) Program VPLOT for plotting frequencies Re(A) and decay rates Im(A)- versus
wind velocity

(4) Program RTLOCUS for plotting roots in root-locus form with wind velocity as a
parameter



(5) Program CALBALM for plotting longitudinal modes of motion
(6) Program CALBLM2 for plotting lateral modes of motion

A block diagram illustrating the relationship of these programs and their use is given in
figure 1. Although the programs can be operated in any consistent system of units, the

constants and labels are generally given in the SI unit system. The pertinent cards are

labeled SI UNITS in the comments field (cols. 73 to 80).

The programs are written basically in FORTRAN language for the CDC 6000 series
machines with the Langley Research Center version of the SCOPE 3.0 operating system
and the RUN compiler. Some of the system library subroutines used by these programs
are in the COMPASS language. A FORTRAN simulator for one of the more essential
subroutines (MASCNT) is included in the appendix to facilitate use on other systems.

The programs were designed for use through a low-speed terminal system with the
program stored on a data cell system at the central computer complex. Efficient usage
of the low-speed terminal requires keeping the INPUT and OUTPUT f{iles to minimum
length. Thus, the results of the calculations are written onto disk files and routed after
execution (fig. 1). In addition, many of the programs have their data for execution
included in DATA statements and only the necessary case data or changes to the nominal
case are read. Although written in a form suitable for construction of a single program
with several levels of overlays, the programs have been left separate and are used
sequentially with multiple executions and disk communication between programs. The
zero-level overlay is used, however, to reduce the field length for loading. In this form
the largest program (lateral version of STABLTY) loads and executes with a field length
of 31000g. Typical execution time for STABLTY is about 45 seconds of central prozessor
unit time for one case of 100 velocity increments.

The four plotting programs described are written for a CalComp Electro-Mechanical
Plotter, using the Langley Research Center (LRC) plotting system computer software,
Relatively high-quality, hard-copy plots are produced by this system. The basic plotting
subroutines are not given, but writeups are included in the appendix in order to facilitate
program conversion for other systems.

LONGITUDINAL STABILITY PROGRAM

The longitudinal stability program has been adapted from an essentially general pro-
gram for calculating the eigenvalues of a stability determinant with elements that are
guadratic in the eigenvalue. The main program primarily calls working subroutines and
handles a portion of the input and output. It contains one main loop for incrementing and
varying the wind velocity. The coefficient matrices are generated by calling subroutine
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INICOEF which contains the entry point VCOEF. Calculations that are independent of
the wind velocity are performed by INICOEF, including the reading of the NAMELIST for
input data. The velocity-dependent calculations are performed within the entry point
VCOEF. For each value of velocity, the balloon equilibrium conditions such as tether-
line angles, height, downstream distance (fig. 2), and aerodynamic trim conditions are
calculated. The static aerodynamic coefficients Cp, Cp, and Cp, are calculated by
function subprograms that are to be written by the user to describe the aerodynamics of
the balloon configuration to be analyzed. These functions are not restricted to linear
functions and are written for a reference point (fig. 2). The program transfers the coef-
ficients to the center of mass for use in the calculations, thereby facilitating parameter
studies.

The eigenvalues are sorted in the order of ascending frequencies Im(x) within the
main program. Since the present system has real coefficient matrices, complex roots or
eigenvalues occur only as complex pairs, For each such pair, the root with positive fre-
quency contains all the needed information. " Thus the conjugate root with a negative value
of frequency is generally not printed on the files for output.

A symbol cycling technique is used that has been found to be helpful to relate
printed and plotted results. A single symbol (plus signs in the plotting programs herein)
is used for plotting all points except for every tenth increment of velocity. For every
tenth velocity increment, the results are plotted using the standard NASA symbol sequence
of circle, square, etc,, and the name of the symbol is printed on the printed results., The
indexing parameters for the symbol cycling are set up in the main program and are
written on tape 7 for later use in plotting, and the symbol name is written on tapes 8 and
11 (blanks on tapes 8 and 11 if plus signs are to be used). This technique was taker. from
an unpublished flutter program written by Robert N. Desmarais of the Langley Research
Center, '

Longitudinal Equations of Motion

The equations of longitudinal motion written about the center of mass are (see
ref. 9):

x-force
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Figure 2.- Sketch of the balloon identifying pertinent dimensional relation;hips.
(M1 arrows are pointing in the positive direction.)



z-force

pVS ko pv Koz
k2CL + CLu>x +—Z-x +Z +—KCLa + CD)z +—n¥z
5 ,, pVZSCL,
"VSC(C 4+ CLy )/ 29 2lg=0 2
*amy Chat Ly )i\t ¢ @
Pitching moment
-2 -
pVSc Koy pSE . pVSE . kpg
2C_. +C )+—x— Cip. 2 -5==—=C Z+——2
m m m m
\ u IY 4Iy o ZIy o Iy
2 Mg, +k 8¢ )
" pVSc ; ( 51 po _pVese _ :
+ 8- i (cma»,cmq)ea,\ o 7, Cma)B—O (3)
where the mass and buoyancy terms in equations (1) to (3) are given by
My = MT + My 5 coszat +my g sinzat 4)
My = M + My sinzat +Mmy 5 coszat + % CLdz (5)
and
Ms; = [(zbr - ch)B + (zsr +zcg)ws;] sin a¢
(’.
+ [(hcg - hbr) B + (hgy - hcg)wsj cos oy (6)

The coefficients of equations (1) to (6) are evaluated for the steady equilibrium or
trim conditions and thus the values of at, 29, Tp, ¥ ete, (fig. 2) are required, The
value of ay is calculated by Newton iteration of the following equation (in subroutine
TRIM) which is implicit in o and results from combining the lift, drag, and pitching-
moment trim equations (ref. 9):

vis

2
ves +B - Ws) - Mgg - (thCD +cC )p——z =0 (7)

hkl <CL p 5

10



where hy,, hp,, and M are functions of «; given by
ki “kg 52 t

/ i .
hk1 = (ltr - lcg)cos o + [\ttr - hcg>sm h (8a)

\ .
hkz = (ttr - hcg/)COS at - (Ztr - ch>sln at (ab)

and

1/ ‘l
M52 = E\Zbr - 1cg>B + {\lsr + ch>ws:! cos ot

-

/ AN / \ i
- Ehcg - hbr/.'B + (\hsr - hcg/'WsJ sin oy (9)

and Cp, Cj, and C,, are also functions of ;. It might be noted that the increments
ACp, AC;, and ACy,, which are used in the program for parametric studies, are
included in the trim calculation as constants but are not considered as functions of oy

The aerodynamic coefficients in equations (1) to (3) and equation (7) are referred to
the center of mass. The coefficients are given in the program about a reference point

(fig. 2) and are transferred to the center of mass by the following relations in subroutines
TRIM and DERTRAN:

Cp =Cp o+2cp -2%{ac +op) (10a)
Lg= “LqR* 47 “La ™ ¢ T\*™L * ~Ly)
X A
Cm=Cm,R -3 CL *= Cp (100)
_ Xt Zt
Cmu = Cmu,R - —(_:- CLU - -g CDU (IOC)
_ xt Zt / \
Cma"cmmR'EGEa+cd)“g@L'CDM (10d)
X
Cmg = Cmg, g - .(-:t- CL;, (10e)

t/ A :
={2Cpg + Crmy ) (108)

11



Calculation of the equilibrium tether conditions,- The equilibrium tether conditions
are required for calculation of the tether derivatives as subsequently discussed. The
equilibrium tether conditions are calculated as follows and are based on the analysis of
reference 2. The values of T; and y; (see fig. 2) are determined from the following
equations, which are manipulations of the lift and drag trim equations:

1/2
/ 5\ ( 9 \2
T, - {\CD #} +|B-ws cL ""’2—5/ (11a)
pVZS
vy = cos-1 CD _2'1’1 (11b)

The velocity V and the cable parameters ¢, dg, Cp., and w. are specified. Let

V24
n=Cp, P 5 < (12a)
b= W_nc (12b)
q=\1+ [-)2 (12c¢)

From the analysis of the tether, a variable X 1is also defined as

- u (y)
= d 12d
?\(’}/u) ‘YO l:sinz'y + 25 cos y Y : (12d)

where

[= . = p
T(y) = 0 \ (12e)

v is the cable angle, and vy 18 the value of y associated with the upper limit of the
integral in equation {12d). Since vy is known from equation (11b), ’{1 = X('yl) is cal-
culated (subroutine TETHER) from equation (12d), using numerical integration (sub-
routine ROMBERG), and 77 = 'T('y1> is calculated from equation {12e)., The related
‘value of Xy is given by (ref. 2):

12



nTllc
T

where XO = X(yO). Thus, the left-hand side of equation (12d) is known from equation (13)
and can be evaluated for Yu = Y0 This is done in subroutine TETHER using Newton

iteration (subroutine NEWINT) and numerical integration (subroutine ROMBERG). The
valies of Tg and zy are given by (ref. 2):

TqT
Tp=— (142)
1
T -T
2y = 21210 (14b)
We
with 7y = T(?’O)' The value of x; is given by (ref. 2):
T 4 .
=1 {71 ) ‘cos y dy (15)
071 “vo sin2y + 2 cos 'yj .

which is also integrated numerically using subroutine ROMBERG (in subroutine TETHER).

Calculation of the tether derivatives.- The tether derivatives or spring constants
Ky Kxgzy Kzy, and kg, required for equations (1) to (3) are also calculated using the
anzlysis of reference 2, These derivatives are expressed in terms of the equilibrium
tether conditions as follows:

1], - : . ;
Key = E_TI oS vy (sm yq1 - sin 'yo) + n<21 -1y sin 'y0> s1n3y1] (16a)
Ky, = %El €cos yy (cos ¥ - €OS 'y]) + n(ll oS g - x]) sin3y;| (16b)
1. . .
kv = 3 T1 sin y4 (sm ¥y - 8in yo)

- {Wc +n sinz-y1 cos 'yl) (Zl -4 sin -;/0)] {(16¢)

1
k,, = 3Il-T1 sin yy (cos Yo - €os 71)

- (Wc +n sinz-y1 cos 'y1> (ll cos yq - xl):l (16d)

13



where

5 = xq (sin yq - sin y0> + zl(cos Yg - COS 71> - 1, sin (7’1 - 'yo)

(17)

The tether derivatives related to pitch angle 6 and referred to the center of mass are

where hkl

Koy = hkzkxx - hy Koy
kgz = hkzkxz - hklkzz
kyg = hkzkxx - hklkxz
kg g = hkzkzx - hklkzz

Kpa=k +k
86 BBD 6o
Ty

_ .2 / 2
kHHD B hkzkxx - hkzhkl \kxz * kzx) + hklkzz
Kgg, =My, (Tysinyy) +hye (T cosyy)

Ty 2 1

and hkz are defined by equations (8),

Definition of Program Variables

(18a)

(18b)

(18c)

(18d)

(18¢e)

(18f)

(18g)

Some of the principal FORTRAN variable names are given and defined in the fol-

lowing sections.

are also listed.

Where there are corresponding mathematical symbols, these symbols

Variables in the main program.- The variables used in the main program are given

as follows:

14



FORTRAN
variable name

Mathematical
symbol

A B C

CNOA, CNOEI

CROT, CRTSQ

DELV

EICOEF

EIDET

1K2

NEGR

NMP

NTWO

NVEL

ROOTI

AV

Im(»)

Definition

nXn coefficient matrices of the equations of motion,
i.e., mass, rate, and displacement matrices,
respectively; rows 1, 2, and 3 contain the coeffi-
cients of the x-, z-, and 9-equations, respectively

Turing's condition number of the matrices A and
EIDET, respectively, defined in terms of the norm
as, for example: CNOA = [[A[ * HA'IH/n,
n = Order of A

a complex eigenvalue and its square, respectively

increment in velocity

complex coefficient array for eigenvector calculations;
here, 2x 3 and normalized by ¢ in degrees

stability or eigenvalue determinant in expanded form,
2n X 2n

ten-word alphanumeric array containing case identifi-
cation card and date and time for processing of case

index for cycling symbols

number of complex eigenvalues with negative fre-
‘quencies plus one

number of modes processed; here set to 3.
2 *NMP; order of linear eigenvalue determinant
number of velocity increments

array containing imaginary portion of eigenvalues
(modal frequencies) for a given velocity

15



FORTRAN Mathematical
variable name symbol
ROOTR Re())
SYMBOL
VEL v
VMIN

Definition

array containing real portion of eigenvalues for a given
velocity in the same sequence as ROOTI

eleven-word Hollerith array containing names of
plotting symbols for symbol cycling

velocity

minimum velocity

Variables in subroutine INICOEF.- Many of the variables used in INICOEF are

listed in the NAMELIST and are defined in the section entitled "Input Required for Longi-

tudinal Stability Program."

Also, some have the same usage as in the main program.

Other principal variables are given as follows:

FORTRAN Mathematical
variable name symbol
ALPHA o
ALPHAD oy
CD Cp
CDRAG n
CL Cy
CLA CLy
CLQ CLq
CM Cm

16

Definition
trim angle of attack in radians
trim angle of attack in degrees
drag coefficient at trim
aCp /2
cable drag per unit length
lift coefficient for trim
lift-curve slope

lift pitching-rate derivative about center of

=

ac

aCy /62—

mass, L/ 5V

pitching—momént coefficient about center of mass
at trim



FORTRAN Mathematical

variable name symbol Definition
CMA - Cm o pitching-moment derivative about center of mass,
3Cyy [20
CMAD Cm & moment ¢ -rate stability derivative about center of
8C,, /02%
mass, m / 5V
CMQ Cmq moment pitching-rate stability derivative about center
qcC
of mass, aC 9=
! m/=ay
GAMO Y0 cable angle at ground measured from horizontal
GAM1 Y1 cable angle at tether point on bridle measured from
horizontal
Q dynamic pressure, sz/Z
SKTT kgg total tether pitch spring in body-axis system for pitch
about center of mass
SKTTD kg 9D portion of SKTT due to displacement of tether point
for pitch about center of mass
SKTTT kg op portion of SKTT due to rotation of balloon relative to
steady tension vector at tether point
SKTZ Kz tether pitching moment due to z-displacement of
balloon
SKTX Koy tether pitching moment due to x-displacement of
balloon
SKXT Ky g tether x-force due to pitching displacement
SKXX ke tether x-spring constant at tether point
SKXZ kyo tether x-force due to z-displacement

17



FORTRAN Mathematical

variable name symbol Definition

SKZT kzg tether z-force due to pitching displacement

SKZX k,x tether z-force due to x-displacement

SKZ7Z ' k,, tether z-spring constant at tether point

TO Ty tether cable tension at ground (see fig. 2)

T1 T, tether cable tension at bridle (see fig. 2)

XO0C Xt c x-distance in stability -axis system from reference

point to center of mass

X1 X1 balloon horizontal displacement, positive in direction
of wind
yAele zy Jc z-distance in stability-axis system from reference

1

point to center of mass
Z1 Z3 balloon altitude

UNCRT complex eigenvalue obtained by factoring diagonal
quadratic element of stability determinant

It may also be noted that the tether subroutines called by VCOEF are written with
FORTRAN variable names closely paralleling the mathematical notation of reference 2,

Input Required for Longitudinal Stability Program

The user-written function subroutines FCD, FCL, and FCMR describe the longi-
tudinal static aerodynamic coefficients about the reference point for the configuration, In
the present usage, the curve fits (ref. 8) to the measured coefficients as functions of angle
of attack are used. The static coefficients Cp, Cp, and C, p are associated with the
function variable names. Angle of attack is passed as a formal parameter and the deriva-
tives Cp o CL o and Cy @,R are returned as formal parameters of the functions FCD,
FCL, and FCMR, respectively. These functions must be replaced with functions appro-
priate for the configuration to be analyzed and are thus considered part of the input data.

18



For each case, one card of 80 characters of case identification is read in an
8A10 format, and a NAMELIST called LONGDTA is read. The FORTRAN variable
names, their equivalent mathematical symbols, and their definitions are given as follows
in the order the variables are listed in the NAMELIST, which is also the order for
printing. All variables are preset in the program with DATA statements to the values
for the reference configuration of the LRC balloon, and only changes need to be read with
the NAMELIST. Thus, the program can be executed using no changes in the parameters
in the NAMELIST.

FORTRAN Mathematical
variable name symbol Definition
CDINS CDins constant increment of Cp (allows for Cp of
instrument package of balloon)
CLAD CL& lift «-rate stability derivative, aCL/a%
CLQR CLq R lift pitching-rate stability derivative about reference
oint, 3C /ac£
P L/%%v
CMADR Cmd R moment a-rate stability derivative about reference
) / - =
point, aCm,R/agvc
CMQR Cmq,R moment pitching-rate stability derivative about refer-
. qc
ence point, 3Cm,R aﬁ
DELCD ACD )
DELCDA ACp,,
DELCL ACq,
constant increments in coefficients about center of
DELCLA ACLQ mass which are used for parametric studies
DELCM ACm
DELCMA ACm, J

19
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FORTRAN Mathematical
variable name symbol
CDU CDu

- CLU CLu
CMUR Cmu R
S S
CBAR ¢
YYOI Iy
TMASS mm
AXMASS my o
AZMASS My a
WTS Wg
BUOY B
BHR hpr
BLR lbr

Definition

rate of change of drag coefficient with velocity.,
u

/
/
8CD/ a v

rate of change of lift coefficient with velocity,

BCL/BUV

rate of chage of moment about reference point with

. fou
locit aC 9—
velocity, m, R/ 7

reference area, (Volume of balloon)z/3

reference length, balloon body length used here

pitching inertia about balloon center of mass (including
aerodynamic apparent inertia)

mass of balloon structure and contained gas

aerodynamic apparent mass in body-reference X-axis
direction, oy = 0

aerodynamic apparent mass in body-reference 7Z-axis
direction, «; =0

structural weight of balloon

net buoyancy force

component of distance from reference point to center
of buoyancy, positive for center of buoyancy below
reference point (see fig. 2)

component of distance from reference point to center

of buoyancy, positive for center of buoyancy forward
of reference point (see fig. 2)



FORTRAN Mathematical
variable name symbol
SHR hgr
SLR Isy
CGH hcg
CGL zcg
TLR 4
TTR iy
CLC le
CDIAM  de
CDC Cp c
wC We
RHO P
VMIN Vmin

Definition

component of distance from reference point to center
of mass of balloon structure, positive for center of
mass below reference point (see fig. 2)

component of distance from reference point to center
of mass of balloon structure, positive for center
of mass aft of reference point (see fig. 2)

component of distance from reference point to center
of mass, positive for center of mass below refer-
ence point (see fig. 2)

component of distance from reference point to center
of mass, positive for center of mass forward of
reference point (see fig. 2)

component of distance from reference point to attach-
ment point of tether line, positive for attachment
point forward of reference point (see fig. 2)

component of distance from reference point to attach-
ment point of tether line, positive for attachment
point below reference point (see fig. 2)

length of tether cable

diameter of tether cable

drag coefficient of tether cable based on diameter,
i.e., drag of cable per unit length is CDcdcpvz/Z

weight per unit length of tether cable
ambient air density

minimum wind velocity

21



FORTRAN Mathematical

variable name symbol Definition
DELV AV wind-velocity increment
NVEL number of velocity calculations

Limitations and Diagnostic Messages

The following comments are given to indicate some of the factors that are not
treated in the program and to indicate some potential troublesome factors in program
operation:

(1) The balloon must lift the tether cable off the ground. No diagnostic messages
are given, but the listing of tether conditions will indicate zero cable angle GAMO as the
constraint of 0 S GAMO = 7/2 is applied in the program.

(2} The balloon must be able to trim. If the trim angle has not converged to a
tolerance of ERR (10-6) in ITCMAX (100) Newton iterations of the trim equation, the
message

ITERATION FOR TRIM DID NOT CONVERGE IN ITERATIONS,
ALPHA = , TLPHA =

is written on tape 11. The value of TLPHA is used for subsequent calculations.

(3) The z-component of the cable tension acting on the bridle must be directed down
for trim. If this condition is not satisfied, GAMI1 is erroneous. However, the balloon
would normally not be lifting the tether cable off the ground when this limitation would
apply.

(4) The bridle is treated as rigid and no consideration is given to the possibility
that the bridle lines may go slack.

(5) Cable drag and weight cannot be zero or negative, as these conditions lead to
overflows or to a negative number to a real power, both fatal errors, This condition also
indicates that the zero wind velocity limit cannot be reached,

(6) The balloon drag must be positive, If there is a tendency for trim angle to
diverge with velocity, care must be exercised in fitting Cp versus « suchthat Cp
is always positive.

(7) The minimum velocity that can be treated is about 0.5 m/sec. Loss of signifi-
cant figures in some of the tether springs and tether conditions may occur at very low
velocities. For example, the vertical spring k,, — = as V - 0 such that the eigen-
value problem becomes poorly conditioned.
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(8) The conditioning of the eigenvalue matrix EIDET is checked. If the Turing's
condition number of EIDET exceeds 106, indicating an estimated loss of 6 or more of
14 significant figures, the diagnostic message

CONDITION NUMBER OF EIGENVALUE MATRIX =
is written on tape 11 and calculations proceed.

(9) The conditioning of the mass matrix A is checked, The mass matrix here is
normatly well conditioned. If Turing's condition number of A exceeds 104, the diag-
nostic message

CONDITION NUMBER OF A-MATRIX =
is written on tape 11 and calculations proceed.

(10) The density p is input and is considered as a constant both for the cable and
for the balloon; thus, the altitude range may be restricted.

(11) The program transfers the stability derivatives from the reference point to the
center of mass. However, the center of mass must be computed for input consistent with
the structural weight center of mass, the included gas of the balloon, and the aerodynamic
apparent masses, The aerodynamic apparent inertia must also be transferred external
to this program for input for shifts in center of mass,

(12) It may be noted that the computer running time is closely related to the error
tolerances EPS in the iteration and integration procedures used in the tether routines.
Here, EPS is generally set to 10-8,

Listing of Input Data Cards for Sample Case

kkndhkhdwhk kb bbb rwwrrrwndraer COLUMN NUMBER orad st ket e vtk vk A A AN RO AR TR N N

000000000112111111122222222223333333333L44444LLLLLE5555555555666666666677777777778
123456789012345678901234567890123L5678901234567890123456789012345678901234567890

LCNGITUDINAL STABILITY OF TETHERED BALLOON = LRC BALLOON-REFERENCE CONFIGURATION
$LONGDTA VMIN=1,, NVEL=51, DELV=1l.$
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Listing of Longitudinal Stability Program

OVERLAY(STABLTY,0,0)

PROGRAM STABLTY (INPUT=1,0UTPUT=1,TAPES=INPUT,TAPET,TAPES=1,

+ TAPEll=1,TAPE30=1,TAPE31=1,TAPE32=1,TAPE33=1)
G trnookaesok S e o st sk e e R e N R KRR X R R R T TR AR F Y
C*
C* PROGRAM A2864.,1 - LONGITUDINAL STABILITY OF TETHERED BALLOON *
C* *
C* PROGRAM READS IDENTIFICATION CARD AND NAMELIST FROM INPUT FILE, AND =
C* WRITES ONLY THE ID ARRAY FDR EACH CASE ON THE OUTPUT FILE &
Cx ALL FILES ARE BCOD AND ARE SET TO MINIMUM BUFFER SIZE, EXCEPT TAPEY ¥
C* WHICH IS B3INARY AND USES STANDARD BUFFER SIZE *
C* FILE ASSIGNMENTS ARE -~ TAPET=PLOTTING PRUGRAM INPUT, TAPEB=EIGEN- *
c* VECTORSy TAPELL=EIGENVALUES, TAPE30=AERODYNAMIC COEFFICIENTS, ®
C=* TAPE31=TETHER SPRINGS, TAPE32=TETHER CONDITIONS, AND TAPE33= =
C* UNCOUPLED RUOTS %
C* *
CHEX bk add bk feofekdo e dodokierd g ok wla Rl e ko e e e e e ek Aok kol ke

COMMUN/IRGW/IROW(300)/1ICOL/ICTLLE300)

DIMENSION A(3+3)+B(3+3),C{3,3),5vMBOUL(LL1),10(10}

OIMENSION EIDET(6+46),SAVE{647)4RUDTRI6},RO0OTI(6), INDEX{G)

+ yJRUN(GIPLE, IPIV{3),, INDX{3,42}

COMPLEX EICOEF{3,3),CROT,CRTS5Q4COET

DATA SYMBOL/110HCIRCLE SQUARE O IAMOND TRIANGLE RT TRNGL
+QUACORANT ©OUG HOUSE FAN LNG DMND HOUSE /
DATA RADEGy DELV ¢NVEL VMIN/40Q17453292519943296445,10%,45/ ST UNITS

108 FORMATI(LHL///7/X10AY0/7/}

107 FORMAT{12X8G13.5)

106 FORMAT{/* VELDCITY=%Gl13.5,2XA10)

105 FORMAT{SOX*EIGENVECTORS®/ /14 X*COMPLEX ROOT-REAL,IMAGX®4X
+ X /THETA M/DEG-REAL) IMAG*3X*Z/THETA,M/DEG-REALyIMAG=EX SI UNITS
+ *THETA,DEG-REAL,IMAG%®/)

104 FORMAT{8X4Al0,6Glé.6)

103 FURMATU/2X7Glo.&}

102 FOKMAT(/% CONDITIUGN NJMBER CF EIGENVALUE MATRIX=%El0.2/)

101 FORMATU/%* CONDITIUN NUMBER CGF A-MATRIX=®E1J.2/}

LOD FORMAT(//% VELUCITY,(REAL{KCCT (L) )sI=1yNPOS)I®/% SYMICL,4 (IMAGIRIOTI
+111,1=14NPOS) %/}

All= BH(XIDALlD) $ £10= €nlBAL1D)

C
C INITIALIZATION SECTION - READ IOENTIFICATIUN CARD, CALL DAYTIM FOR
c DATE AND TIME, AND WRITE [D ARRAY UN BCD TAPES B,11,30,31,32,33,
c AND BINAFY TAPE 7 WITH RECOUT. DU NON-VELOCITY-DEPENDENT
c CALCULATIONS WITH A CALL TO INICOEF
C- SEE SUBROUTINE WRITEUP FOR DESCRIPTION OF RECDUT
¢
NMP=3 $ NTWC=NMP+NMP § NPL1=NTWO+1
REWIND 30 & REWIND 31 $ PEWINO 32 & REWIND 33
REWIND 7 $ REWIND 8 $§ REWIND 11

1 READ AI0,{I1D(I),I=1,8} $ IF{EQOF,5)999,2 .

2 CALL DAYTIMUIC{9)) & PRINT A11,ID $ WRITE(11,108)1D
WRITE(30,108)ID & WRITE(31,108)10 $ WRITE(32,108}ID
WRITE(B,108)I0 $ WRITE{B,105} $ WRITE(33,10811D
CALL RECOUT(7,2,0+1N,1,20,1)

CALL INICOEF (A, ByCoNMP,VEL,VMIN,DELV,NVEL) $ WRITE{11,100)
CALL RECOUT(741,0,NVEL)

c

C 90-LGOP IS VELUCITY VARIATION LOQP

c

DO 90 IV=1,NVEL % VEL=VMIN+(IV-1l.}*DELV
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SET UP CUEFFICIENT MATRICES FOR QUADRATIC STABILITY DETERMINANT
WiITH CALL TO ENTRY VCOEF OF SUBROUTINE INICOEF :

CALL VCOEF{A.B,CoeNMPyVEL» VMIN,DELV,NVEL)

EXPAND GQUADRATIC N X N STARILITY DETERMINANT INTO 2N X 2N STANDARD
EIGENVALUc FORM AND CHECK CONDITIONING OF MASS MATRIX A

CALL QUADET(A.B.Cs 3. 6+NMP,10,EIDET,CNUA}
IF{CNUOA+GTeleE+4IWRITE(LL,101)CNUA

EIGENVALUES FUR 2N SYSTEM AND CHECK CONDITIONING OF 2N X 2N MATRIX
~WITH CALL TO MATRIX FDR INVERSE AND TURING CUNDITIUN NUMBEK

CALL REIGU(EIDET ¢NTWONTWO,0,RO0TRyRODTILEIVEC,) &4 INDEXsI1RUNyP,
+ NPLL4sSAVE]

CALL MATRIX{10,NTWO NTWQ,0,EIDET, 6,0ETEIl KB,CNDEI}
IF(CNCELGT el 4E+6IWRITEL11,102)CNOEI

RCCT SURTING — SORT COMPLEX ROOTS IN ORDER OF INCREASING MAGNITUDE OF
FREQUENCY AND DETERPMINE THE NUMBER OF COMPLEX RCOTS WITH POSITIVE
VALUE OF FREQUENCY [ IMAGINARY PART}

NEGR=1 $ DO 50 NRT=1.NTWD % NI=NTWO-NRT % DO 48 J=1,NI
IF{RCOTI(J)-ROOTI( J+L)148,4E446
46 TRI=RCOTI(J) & TRR=ROUTR{J} $ ROUTI{J)I=ROOTI{J+1)
RCOTR{JI=ROOTR(J+1) ¢ RODTI(J+L)=TRI $ ROUTR{J+1)=TRR
43 CONTINUE
50 CONTINUE $ DD 52 NR=1,4NTHWO
IF{ROUOTIINR) «LTe~1.E-12INEGR=NEGR 1
52 CUNTINUE

WRITE KCUTS CON TAPE 11

IK1=Iv/10 $ 1IK2=11 % IF(IV.EQ.10*IK1l} IKZ2=1+#MOD(IK1-1,101}
WRITE(L11l,103)VEL,{ROOTR{N) +N=NEGRyNTHWO)
WRITELL1l,104)SYMBOL(IK2)+ {ROOTI{N]} ¢+ N=NEGR,NTHWO )

WRITE RESULTS OUN BINARY TAPE 7 FOR INPUT TO PLUTTING PROGRAMS

CALL RECOUT(T21+0+VELsIK2Z NEGRyNTHO)
CALL RECOUT{742+0+RO0TR+NEGR,NTWO,11}
CALL RECOUT{T+2+0,RO0TI¢NEGR,NTWO,1}

SETUP COEFFICIENT MATRIZES FOR EIGENVECTOR {MODAL RATIOS) 8Y
DIVIOING 8Y THETA AND CALLING CXINV — RESULTS ON TAPES

WRITE(B,106)VEL,SYMBOLI(IK2)
DO 70 NE=NEGR,NTWO % CROT=CMPLX{RODOTRINE),ROOTI{NE))
CRTSC=CROT=CROT $ OO0 60 IC=1,2 $ 0D 60 [R=1,3

60 EICCEFIIC,IR)I=A(IC+IR}I*CRTSQ+B(IC,IR}*CROT+CIIC,IR)
DO €4 I=l,2

64 EICOEF{I 3)=—RACEG*EICOEF{]1,+3)
CALL CXINV{(EICOEF+2+EICDEF{143)31,CDET,IPIV:INDX,3,1S5C)
EICOEF(343)=(14+,04)

T0O WRITE(B8,10T)ICROT,(EICOEF{1,3),1=1,3)

90 CONTINUE $ GO TO 1
999 ENDFILE 7 $ REWIND 7 & ENDFILE B $ REWIND 8 $ REWIND 11
REWIND 30 & REWIND 31 $ REWIND 32 $ REWIND 33
END PRUGRAM STABLTY
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SUBROUTINE INICOEF(A¢B+CeNMAX,VELsVMINsDELVyNVEL)

SUBFOUTINE CALCULATES COEFFICIENT MATRIZES FOR QUADRATIC STABILETY
DETERMINANT

EQUIVALENCE(EQURT{1 1 UNCRT{1})
DIMENSION ACNMAX,1) BINMAX,1),C{NMAX;1},EQURT(1)
COMPLEX UNCRT{6),CRAD:CSQRT

INPUT PARAMETERS ARE READ FRCM THE INPUT FILE WITH A NAMELIST READ
OF THE NAMELIST LCONGDTA AND ARE WRITTEN ON TAPE 11 WITH A NAMELIST
WRITE STATEMENT

NAMELIST/LUNGOTA/CDINS »CLAD.CLQR,CMADR,CMQR,DELCD,DELCDA,DELCL,

+ DELCLA,DELCM,DELCHMA,COU,CLUJCMUR,S,CBAR,y YYDl » TMASS s AXMASS,

+ AZMASS,WTS +BUOY 8HR yBLR+SHRySLRsCGHsCGLs TLR,TTR,CLC,COTAM,COCHNC,
+ RHC+VYMINSsDELVsNVEL

COMMON/LCNGDLC/COINS+DELCDLDELCLDELCH

PARAMETERS FOR (LRC BALLDON - REFERENCE CONFIGURATION - IN SI UNITS

DATA CDINS,DELCDyDELCDAYDELCLyDELCLA,DELCM,DELCMA,CDU,CLUyCMURK/
+ ,010y 9%0./

JATA DEGRAD/5T7.29571795130823/

DATA CMADR)CMQRsCLAD.CLQR/=.026+=e189,.089,.,685/

DATA S,CBARYYYOI/T+044 7643171/

DATA TMASS)AXMASS+AZMASS yWTSyBUCY/14e235+1142349+410842190./
DATA BHR¢BLRpSLRyTLRyTTR/ 0412159466 y3.4443.82/

DATA SHRyCGHyCGL/436+4109,41.10/

DATA CLC)COIAMyCOCo+WC/61as 0141y La17y 43437

DATA RHO/1e225/

VELOCITY INDEPENDENT CALCULATIGNS

WRITE(30,101) $ WRITE{31,102) $ WRITE(32,103) $ WRITE{(33,104)
REAC LONGOTA $ WRITE(11,LONGDTA)

SL=5SL{R+CGL $ SH=S5HR-CGH & BL=BLR-CGL

TL=TLR=CGL $ TT=TTR-LGH $ BH=CGH-BHR

CBAR2=.5%CBAR $ RI=1./YYOI $ ROSCI=RHO*S*CBAR2*RI]
DELMZA=,5*CBAR2*S*RHO*CLAD
A{1,2)=A01+3)=A(2,1}=A12+3)=A13,1)=0.

All,1)=A0242)=A(3,3)=1, § RETURN

ENTRY PUINT VCOEF FOR VELOCITY-DEPENDENT CALCULATIONS

ENTRY VCQEF
Q=.5%RHO*VEL*VEL

TRIM ANGLE OF ATTACK AND AERODYNAMIC COEFFICIENTS ABOUT THE CENTER
OF MASS '

CALL TRIM{5,CBARyWTSyBUDY yBL+BHsSLySHsTLyTTCOH,CGL1Q
+ CLeCMpCO+CLAZCMA,CDAL,ALPHA,XOC+20CySINA,COSA}
ALPHAD=DEGRAD*ALPHA

COA=CCA+DELCOA § CLA=CLA+DELCLA $ CMA=CMA+DELCHMA

UNI TS
UNITS
UNTTS
UNITS
UNL TS
UNITS
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TRANSFER DYNAMIC STABILITY DERIVATIVES FROM REFERENCE POINT (MOMENT
CENTER) TO CENTER OF MASS AND WRITE AERODYNAMIC COEFFICIENTS ON
TAPE 30

CALL DERTRN(XOC ZOC+CDoCDUSCL+CLACLUCLAD+CLQR,CMsCMA,CMADR, CMGQR,
+ CMUR ,CLQyCMAD, CMQ,CMU )
WRITE(30,100)VEL,ALPHAD,CD,CL,CMyCDA,CLA,CMA,CLQ,CMAD,CHQ

CALCULATE EQUILIBRIUM CABLE CONDITIONS AND WRITE RESULTS ON TAPE 32

DRAG=CD*Q=5 $ BLIFT=CL*0*S $ CORAGSCDC*CDIAM*Q
T1=SCRT(DRAG*DRAG+{(BLIFT-WTS+BUCY)*%2}
COSG1=0RAG/T1 $& GAM1=ACDS(CQO53Gl) $ SINGL=SINI(GAML1)
CAtL TETHER(CODRAG.WC,CLC.T1,GAM1,TO,GAMO,X1,21)
GAM10=0DEGRAD*GAM] $ GAMOD=DEGRAD*GAMO
COSGO=COS(GAMO) $ SINGO=SIN(GAMO)
WRITE(32,100)VEL+ X142 +,GAMOD,TO,GAM1D,T1,CDRAG

CALCULATE CABLE SPRINGS FROM DERIVATIVES OF NEUMARK AND TRANSFER TQ
STABILITY AXES - WRITE RESULTS GN TAPE 31

SNG2=S5INGI*SINGl $ SNG3=SING1*SNG2 $ T5Gl=TI*SINGl $ TCGl=T1*COSGl
RDEL=1./1{X1®{SINGLl=SINGO) =Z1*{COSGL-COSG0)-CLC*S5IN{GAM1-GAMD)}
SKXX=RDEL*{TCGL*[SINGL-SINGO)+CDRAG*SNG3*{Z21-CLC*SINGO) !}
SKXZ=RDEL*{TCGL*{COSGO-COSG1)Y-CDRAG*SNG3*{X1-CLLC*COSGO))
SKZX=RDEL*{TSGI*{SINGL-SINGO)—(WC+CDRAG*SNG2*C0SGL) *{ Z1-CLC*SINGD)
+ ) $ SKIZ=RDEL*{TSGLl*{COSGO-CUSGL)+ (WC+CDRAG*SNG2*COSGLI* (XL~
+ CLC*C0O560))}
HK1=TL2COSA+TT*5INA & HKZ=TT*COSA-TL*SINA
SKXT=HKZ*SKXX~HKI#5KXZ $§ SKTX=HK2*SKXX-HK1%5KZX
SKIT=HK2®SKIX-HK1*SKZIZ $§ SKTZI=HK2*SKXZ-HKL1*SKZIZ
SKTTO=HK2#*{HK2*SKXX~HK1*( SKXZ#SKZX) }+HK1*HK12SKZZ
SKTTT=HK2*TSG1+HK1*TCG1 $ SKTT=SKTTOD#SKTTT
WRITE(31+4100)IVEL s SKXXo SKXZ o SKXT9SKZXy SKZZ9SKZT s SKTXoSKTZ,SKTTD,
+ SKTTT

CALCULATE WEIGHT-BOUYANCY MOMENT TERM AND MASS TERMS INCLUDING
APPARENT MASS ROTATION TO STABILITY AXES

SM1={ BL*BUQY+SL*WTS I *SINA+{BH*BUOY+SH®WTS }*COS A
AMI=AZIMASS*COSA®COSA+AXMASS®SINAXSINA
AMX=AXMASS*COSA*COSA+AZMASS*S INA®SINA

RMX=1.,/{TMASS+AMX) $ RMZ=1./{TMASS+AMZ+DELMZIA) $ ROVSCI=VEL*ROSCI
ROVSMX= . BARHO®VEL*S*RMX $ ROVSMZ=,5%RHO*VEL*S*RMZ

CALCULATE COEFFICIENT MATRICES A , By AND C

Al342)==CBAR*RCOSCI*CMAD

B(1l,1)=ROVSMX*{2.*CD+LOU} $ B{1l,2)=ROVSMX*((CDA-CL) $ B(1l,3)=0,
Bl2y1)}=ROVSMZI*{( 2., #CL+CLU) 8 B(2,2)=ROVSMI*(CLA+(CD)
Bi2s3)=CBAR2*ROVSMZ={CLAD+CLQ) § B(3,1)=-ROVSCI=®(2.*CH+LMU)
B{3,2)=—ROVSCI*CMA & B({3,3)>-CBAR2*ROVSCI*(CMAD+CMQ)
Clly1}=SKXX*RMX $ C{1+2)=SKXZ*RMX $§ C(1,3)=SKXT*RMX+VEL*ROVSMX*CDA
C{2491)=5SKZIX*RMZ § C{242)=SKIZ*RMZ $ C(2,3)=SKIT*RMZ+VEL*ROVSMI*CLA
Ct3,1)=SKTX#*R] § C{3,2)=SKTZI%RI]
C{3,43)=RI*{SMI+SKTT)I-VEL®ROVSCI*CMA
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CALCULATE UNCOUPLED ROOTS BY FACTORING DIAGONAL QUADRATIC TERMS AND
WRITE RESULTS CN TAPE 33

DO 1 M=1,3 $ CRAD=,25%B{M M)*B{M,M)-C(M,M) $ CHRAD=CSQRT(CRAD)
M2=2%M $ M1=M2-1 $ UNCRT{M]1)=—=,5%B(M, M)+LRAD

1 UNCRT(MZ2)=—.5%8(M,M)-CRAD
HRITE(33,105)VEL LEQURT{I), I=1, ler)glEQURT(I#,I 2¢12,42) $ RETURN

100 FORMAT{2X11Gl1l.4)
101l FORMAT{/20X*AERODYNAMIC CCOEFFICIENTS*/* VELOCITY®SX*ALPHAD*9X*CO*
+ IXRCL*IXRCMEBXRLDAREX T LA*BXECMART X*CLUTBX*CMAD*BX *CHO*)

102 FORMAT{/720X*TETHER SPRINGS*/*%* VELOCIT Y*TX*SKXXETXRSK XL*¥TXESKXT2RTX
+ ASKIXATXRSKIZ®TXeSKITHTXRSKTXRkTXESKTZ*5X%SKTT 4D*4X*SKTT,T1*)
103 FORNAT(/20X*TETHER CONDITIONS*/% VELOCITYXGX&XI#9X*Z1%7X:GAMO%9X
+ XTO*TX*GAM1*GX*T1*3X*CAB DRAG*) )
104 FORMAT(/20X*UNCOUPLED ROOTS*/TX%VEL¥BX*RLX1*#8X*RLX2%8X*RLZ1%8X
+ ¥RLZIZ*BXFRLTI*GX*RLT2%/18X*IMXL*BX* I MX2%*8X*[MZ1*8X*IMZ2%8X
+ *[MT1#B8XHIMT2%)
105 FORMAT{/2XT7Gl2.4/14X6G12.4)
END SUBROUTINE INICOEF

SUBROUTINE TRIMIS¢CBAR +WTSyBUOYsBLyBH,SLySHyTL,,TT sCGHCGL,Qy
+ CL)CM’CD,CLA;CHA,CDA' ALPHA'FI G, SA,CA)

SUBFROUTINE CCMPUTES THE STATIC TRIM ANGLE-OF-ATTACK ALPHA USING
NEWTCN ITERATICN OF THE TRIM EQUATION

THE ALPHA DEPENDENT DERIVATIVES CD, CDAs CLy CLA, CM, AND CMA ARE
ALSG TRANSFERRED TO THE CENTER OF MASS AND RETURNED

IF CONVERGENCE IS NOT OBTAINED IN ITCMAX ITERATIONS, MESSAGE IS
WRITTEN UN TAPE 1l

CLMMCN/LONGOLC/CDINS+ODELCO,DELCLyOELCM
ERR=1.E-6 & TLPHA=.05 $ QS5=Q%*S % ITCMAX=100 $ ITC=0
D=BUCY*BL+WTS*5L $ E=BUDY*BH+WISASH

1 ALPHA=TLPHA $ CL=FCL(ALPHA,CLA) $ CD=FCD{ALPHA,CDA}
CMR=FCMR{ALPHA,CMAR) § CA=COS(ALPHA) $ SA=SIN[ALPHA)
A=TULHCA+TT*3A4 § B=TT*CA-TL*SA
F={CGL*CA+CGH*SA)/CPAR $§ G=(LGH*CA-CGL*5A)/UBAR
CM=(CMR-F*CL+G*CC $ CMA=CMAR-F*{CLA+CD)I-G*{L1-CDA)
CL=CL+DELCL $ CM=CM+DELCM $ C=BUOY-WTS+Q5%CL
CD=CC+DELCD+CDINS
FUN=A®C—-{ B*CO+CM*LBAR)*0S-D*CA+E*SA
DFUN=B*L+DsSA+E*CA+ [A*{ CLA+CD)-B*CDA-CMA*(BAR]) #Q5
TLPHA=ALPHA-FUN/DFUN $ ITC=ITC+1 $ IF(ITC.GT.ITCMAX)GO TU 2
IF{2ES{ALPHA-TLPHA) .GT.ERR)1+4

2 NRITE{LI1+43)ITC,ALPHA,TLPHA

3 FORMAT(/* ITERATIGN FOR TRIM DID NOUT CONVERGE IN#I16% ITERATIONS.

+ ALPHA=*G12.6% TALPHA=%G12.6/)

4 RETURN
END SUBROUTINE TRIM
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FUNCTION FCD(4&,CDA)

FCD IS A FUNCTICN TO BE WRITTEN BY THE USER TO CALCULATE CD AND CDA
AS FUNCTICONS OF ANGLE OF ATTACK FOR THE CONFIGURATION TO BE ANALYZED

CURVE FIT OF CD AND CCDA ¥vS ANGLE OF ATTACK IN KADIANS FOP LRG
BALLGUN — REFERENCE CONFIGURATICN

X=A=.023 § K5=X*%5 § CDA=111l7.2*%X5
FCD=.0487+186.2*X*X5 $ RETURN §& END

FUNCTION FCL{A,CLA)

FCL IS A FUNCTICN TO BE WRITTEN BY THE USER TO CALCULATE CL AND CLA
AS FUNCTIONS QF ANGLE OF ATTACK FOR THE CONFIGURATION TO BE ANALYZED

CURVE FIT OF CUL ANC CLA vS ANGLE OF ATTACK IN RADIANS FOR LRC
BALLCON — REFERENCE CONFIGURATIGCN

X=A-.023 & X2=X¥X $ CLA=.82-X2%{15.069-557.0%X2)
FCL=X*(+82-X2*(5.023~111.4*X2)) $ RETURN $ END

FUNCTION FCMRIA,CHMAR)

FCMR IS A FUNCTION TO BE WRITTEN BY THE USER TO CALCULATE CMR AND CMAR
AS FUNCTIONS OF ANGLE OF ATTACK FOR THE CONFIGURATION TO BE ANALYZED

CURVE JFIT OF CHM AND CMA ABCUT REFERENCE POINT VS ANGLE OF ATTACK IN
RADIANS FOR LRC PALLOON — REFERENCE CONFIGURATION

CMAR=.1%35 § FCMR=—.0106+.1435¢A $ RETURN $ ENO

SUBRCUTINE DERTRN(XZ+COsCDU+CLyCLA,CLUCLAD,CLQRCM,CMA,CMADR,
+ CMQR,CMUR, CLQsCMAD,CHMQ,CMU)

TRANSFERS CLQ, CMALD, CMQ, AND CMU FROM REFERENCE PGINT (MOMENT CENTER)
TO CENTER OF MASS LOCATED X/C FORWARD AND Z/C DOWN FROM REFERENCE

POINT

CLQ=CLQR+2. % { X CLA-Z%{ 2. *CL+LLU))
CMU=CHMUR+ZI*CDU~-X*CLU & CMAD=CMADR~-X*CLAD
CMQ=CMQR—X* (CLQR=2 *CMA )-2. 87 %{ 2, «CM+CMU} $ RETURN $ END DERTRN

29
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SUBROUTINE TETHER{CDRAG,W(,CL1,T1,GAMMALl,TC0,GAMMAD, X1,21)

SUBROUTINE IS BASEC ON THE ANALYSIS IN -

NEUMARK, S.- EQUILIBRIUM CONFIGURATIONS OF FLYING CABLES OF
CAPTIVE BALLCONS, AND CABLE JERIVATIVES FOR STABILITY
CALCULATIONS. BRITISH R. AND M. NO. 3333, 19¢3.

THE TETHER PARAMETERS CDRAG. WC» CL1, T1l, AND GAMMALl ARE INPUT
TFE TETHER PARAMETERS TO, GAMMAO, Xl, AND Z1 ARE DUTPUT

EXTERNAL FLAMGFSIG $ COMMGN/PGC/P,4Q

=.5%¥WC/CCRAG $ Q=SQRT(1+4P%P) § EPS=1.E-8
CALL ROMBERGIRLAML 0. GAMMAL,FLAMJEPS) $ TAUL=TAU(GAMMAL)
RLAMO=RLAML-CORAG*TAUL*CL1/TL $ CALL NEWINT{RLAMO,FLAM,1.,GAMMAQ)
CALL ROMBERG{DSIGsGAMMAQ, GAMMAL,FSIG,EPS)
X1=T1#DSIG/{CDRAG*TAUL) $ TAUO=TAU(GAMMAQD)
TO=T1*TAUO/TAULl $ Z1=(T1-TO)/WC $& RETURN $ END

FUNCTION FLAMIT) $ COMMON/PC/PyQ & CT=COS(T)
FLAM=({(Q+P-CT)/(Q-PeCT ) ==(P/Q)/1-CT*(T+2¥P=2(T) $ RETURN § END

FUNCTION FSIGIT) s COMMON/PQ/Pyq ¢ CT=COS(T)
FSIG={{Q#P-CTI/{Q-P+CT ) }**(P/Q)/[1-CT*CT+2#%PxC T)*CT $ RETURN $§ END

FUNCTION TAULT) $ COMMON/PQ/P,Q & CT=COS(T)
TAU={(Q+P-CT )/ (Q=P+CT) )} **{P/Q) § RETURN $ END

SUBROUTINE NEWINT{C+F+X0,X} ¥ EPS=1.E-8 $ XT=X0 % I=0

SUBROUTINE CUMPUTES THE UPPER LIMIT X OF THE DEFINITE INTEGRAL
FROM O 70 X OF THE FUNCTION F FOR WHICH THE VALUE OF THE
INTEGRAL C IS KNOWN

NEWTON I[TERATION IS USED WITH THE VALUE OF THE INTEGRAL DETERMINED
8Y SUBROUTINE ROMBERG

1 X=XT & CALL RCMBERGI(Sy0.sXeFyEPS) 3 XT=X+{C=S5)/F(X) $ I=1+1
PI2=1.57079¢326 $ IF(XT.GT.PI2) XT=PI2 $& IF(XT.LT.0.) XT=0.
IF(I.LT.2) GO TO 1 § TF(ABS{X~XT).GTLEPS) GO TO 1
X=XT $ RETURN
END SUBROUTINE NEWINT



SUBROUTINE ROMBERGISUM,A,B,FUNJEPS} § DIMENSION Q(20)

EEEREIER BN R E R E R G ERE A RE KUY KA NN T kKRR ARk kA bk Kk kR kA kR k k&

SUBRQUTINE FOR RCMBERG QUADRATURE - SEE WRITEUP FOR DESCRIPYION *
EREAR RN TN PR R R R RN FRR R R R R RSN KRR R R ER SRR AR TR SR TR EN

*

e ekl

OO,

38}

ow e W

SUM=0 $ IF(A.EQ.B) RETURN

H=z8-A $ FA=FUN(A) $ FB=FUN(B) $ FM=AMAX1{ABS(FA),ABS{FB)}
T=.5%Hk{FA+FB) $ NX=1 & D0 5 N=1,19 % H=.5%H § SUM=0 §$ I=0

I=]1+1 § FX=FUN(A+H=(T1+]-11} § IF(ABSI{FX).GT.FM)} FM=ABS(FX)
SUM=SUM+FX $ [F{I,LT.NX) GO TO 1

T=.5%#T+H*SUM $ QIN)=.6666666566666667T* (T+HESUM)

IF{NJLT«2) GO TO & $ F=4. $ 00 2 J=24N $ [=N+t1-d § F=4.%F
QUIN=QUI+1)+(QUI+1)-QUIN)/{F1.) & I[F{N.LT.3) GO YO 3
X=ABS{QU1l)=-QX2)+ABS{QX2-0X1) $ IF(X.LE.2.*¥EPS*xFM*ABS(B-A)) GO YO 6
UX1=Q0X2

Qx2=Q(1l}

NX=NX+NX

SUM=Q{1) $ RETURN

END SUBROUTINE RCMBERG

SUBROUTINE QUADET(A.B,CoNMAX,NMAX2, N, [OP,EIGDET,CNO)

SEE SUBROUTINE WRITEUP FOR DESCRIPTION

—

WO~V S W

COMMCN/IROW/IROW{300)/ICOL/ICCLI300)

DIMENSIGN KRU(T) jA(NMAX,1},BINMAX,1),C{NMAX,1), EIGDET(NMAX2,1)
AN=0. § AINV=0. $ RINDF=01777C0C0000000001777

KR{1)=[{0P $ KR(4}=0 & KR{2)=KR{5)=N $ KRI(3]}=3%N $SNSQ=N=N
NSL=NMAX2ENMAX2—-NSQ $ NS2=NSL-NSQ $ NS3I=NS2-NSQ $ NS3P1=NS3+l1

DO 1 U=1eN & 00 1 I=1eN & IE=[+N*J-N & EIGDET(NS3I+IE}=ALI, J)
EIGOETENS2+IE)=B(T1,J0% EIGDETI(NSL+IE)=C{I,44]

AN=AN+A(L,J)#A(T4J) & CALL MASCNT(KR,EIGDET(NS3P1),DET,.CC)
IF{CETANE.0.IGO TO 2 $ CNO=-1. $ RETURN

IF(IOP.NELLOIGD TO 4 $ DO 3 J=1,NSQ
AINV=AINY+EIGOET(NS3+J)I*EIGDETINS3+J} $ CNO=SQRTLAN®AINV/NSQ)

DO 5 J=1sN $ DO 5 I=1,N & IE=[+N*J=N

EIGOET(1+J)=—EIGDET(NSZ2+IE)}S DO & J=LsyN § D0 6 I=1,N $ IE=T1eN*J=N
EIGDET{1+J¢+N)=—EIGDETI(NS1+1E} $ OO 7 J=1,NMAXZ & DO 7 [=1,N
EIGOET(I+Ns J}=0. § DD 8 J=1yN

EIGDET(N+JyJ)=1s ¢ IFINLEQ.AMAX)RETURN

N2P1l=N¢N+]1l & CO 9 I=N2P1,NMAX2 $ DO 9 J=1,NMAX2 $EIGDET(J,I)=RINODF
EIGDET{1,J)=RINDF $ RETURN

END SUBROUTINE QUADET

SUBROUTINE MATRIX(I/MoNyKoAgKAsB,KBCoKC)

SEE SUBRUOUTINE WRITEUP FOR DESCRIPTION

N -

CCMMON/ IRON/ IROW(3Q0)/ICOL/ICCLI300) & DIMENSION A(1)+BILI4KRI(T)
KRELI=1 $ [F(1.NE.10JGO TO 2 $ S=0 ¢ DO 1 L=1l,M $ D0 1 J=1,M
S=S+A(L+JeKA-KA)*A{L+J%KA-KA) & T=0

KR{2}=M $& KR{3)=N & KR(4)=K $ KR{5)=KA $ KR{&6)=KB & KR{T)=KC

CALL MASCNTU(KR,yA,B4+C) $ IF{INE«101GO TO 4 $ DO3 L=1,M $DO3 J=1l.M
T=T+A(L+JEKA—KAI®A(L+I*KA-KA) & C=SQRTIS*T)/M

RETURN

END SLBROUTINE MATRIX
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SUBROUTINE REIG (A,MyNVALyNVEC,RCOTR,ROOTI4VEQC sMAX, IDX,IRN,P NP,
1 SAVE)
PROGRAM TO CALL QR TRANSFORMATIUN, VARIABLE DIMENSION
MAXIMUM ITER IS SO

THIS VERSION OF REIG HAS BEEN ALTERED SUCH THAT EIGENVECTORS ARE
NOT CALCULATED. SUBROUTINE VECTOR HAS BEEN DELETED AND VEC DOES
NOT HAVE TO BE DIMENSIONED

SEE SUBROUTINE WRITEUP FOR DESCRIPTION

DIMENSION A(MAX,MAX}+ROOTR{MAX},ROOTI(MAX],VECIMAX,MAX),IDX{MAX),
1 IRN(MAX),P{MAX) SAVEIMAX NP}
REAL 1DX4 IRN

N =M
SAVE ORIGINAL MATRIX, RESTORE AT 200
GO 5 I=14M
DO 5 J=1:M
5 SAVE(Jy1) = Al Jy1)
REDUCE MATRIX TO HESSENBERG FORM
CALL HESSEN {A,M,MAX}

ZERC = 0.0
Jy =1
177 XNN = 0.0
XN2 = 0.0
AA = 0.0
8 = 0.0
C = O.D
DD = 0.0
K = 0.0
SIG = 0.0
ITER=Q

IF {N=-21 13+14,12
13 ROOTR(1)} = A(l,1)
ROOTI(1} = 0.0

GO T0 200
14 JJ= -1
12 X = {AIN=L1y,N=1) = A(N,N})*%2

S = 4.0FA{NsN=1L %2 (N=1,N)

ITER = ITER + 1

IF (X LEQ. 0.Q) GO TO 15

[F (ABSIS/X) .GT. 1.0F-8) GO TO 15
"IF LABS(AIN-14yN-1)) -~ ABSTA{N,N))) 32,32,31
A(N-1,N-1])

AINyN}

TO 33

AIN~14N-1)

ALNyN)

C.0

0.0

0 Tg 24

X + 5

AIN=1¢N-1) + AINGN)

= SQRT(ABS(S))

(S) 18419,19

31

C

32

33

15

Mno

1s

T M= XoOIMMOQOOM
-n

0.0
OIO
(X) 21.21.22

REIGOO10
REIGO020
REIGO0O30
REIGO040

RE1GO050
REIGOOS0
IEIGOOTD
REL1GOOED
AE1G0090
REIGO100
REIGOI10
REI1G60120
REIGO130
REIGO140
REIGO150
REIGO160
REIGOL70
REIGO180
REIGO190
REIGO200
REEGO210
REIGO220
REIGO230
RE1G0240
REIGO250
REIG0260
RE160270
RE1G0280
REIG0290
REIGO300
REIGO310
REIGO320
REIGO330
REIGO340
AEIGO350
REI1G60351
RFI1G0360
REIGO370
REIGO380
REIGO390
REIG0400
REIGO410
RET1G0420
REIG043D
REIGO440
REIGO0450
REIG0460
RE1G0470
REIG0O480
REIG0490
REIGO500
RELIGO510



21

22

18

24

28

26
29

50
63
164
1¢5
166
64

700

51

54

52
55

601

60

E = (X-%Q)/2.0

G = (X+5Q)/2.0

GO TO 24

G = [X-5Q)/2.0

E = (X¢5Q)/2.0

GO TD 24

F = 5Q/72.0

E = X/72.0

G = E

H = ~F

IF (JJ LT. 0) GU TO 28
D = 1.0E-10%(ABS{G) + F}
IF (ABS{A(N=-14N-2)) .GT. D} GO TO 26
RUOTRIN) = E

RGOTI(N) = F

ROOTRI(N-1) = G
ROOTI(N-1} = H

N = h=2

IF (J1) 200,177,177
IF(ABS{A{NsN=1))oGTe LeOE-102ABS(AIN,N)I} GD TO S0

ROOTRIN) = A(NyN)
ROOTIIN) = 0.0

N = h-1

GO TO 177

IF (ABSUABS(XNN/A(NyN=-1))-1,0)-1.0E-6) 63,63,62
IF {ABS(ABS{XNZ/AIN-14N=2))-1.0)=1.0E=-6) 63,63,7T00
VQ = ABS{A(N,N-1)) - ABSLA(N-1,N-2))}
IF (ITER-15) 53,164,564

{F (vQ@) 165,165,166

R = AIN-1yN=-2)%%2

SIG = 2,0%A(N-14N-2)

GO TO &0

R = A(NyN-1)*%*2

SIG = ZDO*A(NQN-]L)

GO TO &0

IF {vQ)} 29,29,.28

IF {ITER .GT. 50} GO TO 63

IF (ITER 6T. 5 ) GO TO 53

Ll = ({E-AA)*S2+(F-B)**2}/{ E*E+F=%F)
22 = ({G-C)=*%2+(H-DD}*%2)/(G*G+H%*H)
IF {11-0.25) 5l.51,52

IF {Z2-0.25) £3,53,54

R=E#*C~F=H

SIG =E+G

GO TO 60

R=ESE

SIG =E+E

GO TO 60

IF (22-0.251 55,55,601

R=G*(

S51G=G+6

GO TO 60

R = 0.0

S1G 0.0

XKN AlN,yN-1)

XN2 A{N-1,N-2)

CALL QRY (A NyRyS51GsD, MAX]

AA = E

= F
C= 0
0D = H
GO T0 12

REIGD520
RETGO530
REIGO540
REIGO550
RELGO560
RELGOSTO
REIGOS580
REIGO590
REIGO600
RELGO610
REIGD&20Q
REIGO630
REIGO&40
REIGO6S50
REIGOb60
REIGO6TO
REIGO680
REIGO690
RELIGO70Q0
REIGD710
REIGO720
REIGQOT730
REIGOT40
RELGQTS0
REIGOT60
REIGOTTO
REIGOTHO
REIGO790
REIGOBQO
REIGO810
REIGD820
RELIGD830
REIGO8 40
REIGO8S50
REIGO860
REIGOBTO
REIGOB80
RELIGO890
REIGO900
REIGO910
REIGO920
REIGO9130
REIGO940
REIGO950
REIGO960
REIGO970
RETGO980
RETIG0O990
REIGLOQO
RETG1010
REIGL1020
REIGLO30
REIG1040
REIGLO50
REIGLO60
RE{G1070O
REIG1080C
REIG1090
REIG1100
REIGLL1O
REIGLL20
REIGL130
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230

2190

212
215

218

220
225

230
235

240
240

245
248

250

RESTURE MATRIX
DO 210 J=1,M
DO 210 I=1;M
A(Isd) = SAVE(I 4d)
TEST FOR COMPLEX ROOTS
N=20
NC = M+l
DO 225 Ix1,M
IF (ROOTR(I) .EQ. O.) GO TO 212
IF (ABS{ROOTI(1)/ROOTRUL)) <GE. 1.E-12} GO TO 215
IF (ABS{ROOTI(I}) .LT. l.E-12) GO TO 218
INDEX FOR COMPLEX (END OF ARRAYS)

NC = NC-1
dM = ANC
GO YO 220

INDEX FOR REAL RODTS SAMEs, N = NO. REAL ROQTS
N = N+l

JM = N
IRN{JM) = ROGTR(I)
10x(JM) = ROOTI(I}

REAL ROUTS IN DESCENOING ORDER BY MAGNITUDE
DO 240 I=1l,M
I1f (I .GE. N} GO TO 235
K = [+1
DO 230 J=K,N
IF CABS{IRN(I}) .GE. ABSUIRN({J)}} GO TO 230
SIG = IRN(J}
IRN(J) = IRNI(I)
IRN{I) = SIG
CONTINUE
ROQTR{I) = IRNI{I}
ROOTI{I) = ICX{1}
STORE ZERO IN VECTOR
STORE ZERQ IN VECTOR DELETED FRUM THIS VERSION
DO 240 J=1,M
VEC(J, I} = 0.0
CONTINUE
IF {NVEC .LT. N) N = NVEC
IF (N .LE. O0) GO TO 250
DO 245 I = 14N
K = N+l-I
IF {ABS{RODTRI(K}/ROOTR(1}) .GT.le.E-14) GO TO 248
ROOTR{K) =0.
CONTINUE
CALL ROUTINE FUR N VECTORS

CALL ROUTINE FOR N VECTGORS OELETED FROM THIS VERSION
CALL VECTOR {(IDXyIRNyROOTRyA,VECsMy SAVE P NPsMAX,NI

RETURN
ENC

REIG1140
REIGL150
REIGL160
REIGLLTO
REIGL1 8O
REIGL19C
REIG1200
REIG1210
REIGLZ220
REIGl230
REIG1240
REIG1250
REIG1260
REIG1270
REIG1280
REIG1290
REIG1300
REIGL310
REIGL320
REIG1330
REIG1340
REIG1350
REIGL360
REIG1370
REIG1380
REIG1390
REIGL1400
REIGL1410
REIGL420
REIGL430
REIGl440
REIGl450
REIGL460

REIGL1470
REIG1480

REIG1490
REIGL500
REIGLS10
REIGL520
REIGL530
REIG1540
REIG1541
REIGL550

REIGL560
REIG1570
REIG1580
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11
-3}
12
10
14
13

15

16

17
18
19

22
23

24

25
28

29
27

31

32
33

34
30

35

36
37

SUBROUTINE QRT{AyN,RySIGyDsMAX)
AUMAX,MAX) PSIL2)4G(3)

DIMENSION

Nl = N-1

IA = N - 2

1P = IA

IF{N-3) 101,10,60
D0 12 J = 3,N1

J1 = N=-

IF(ABS(A(J1+1,J1))-D)
DEN = A{J1+1,J1+1)*{A1J1+14J1+1)-SIGI+A(J1+1,J1+42)%A(J1+2,01+]1)+R

IFL{OEN) 61,512,561

IFCABSCALIL+1,pJ1)%A0 142, J1+1)%(ABS(A{JLeL, JleL}+A(JL+2,11¢2)
1-SIG)+ABStA{ J1+3,11+42)))/DENI-D)

IP=4l
D0 14 4
Jl=1P=-J+l

IFCABRS(A(JSL+1l+41)}-D)

I9=41
DO 100
IFti-1P)

GULY=ALIP,IP)*{ A(IPIP)-SIGI+A(IPIP+L)*A[IP¥+L,IP)+R
GI2)=A(IP+L, IPI®LALIP,IP)+ALIP+1,1P+1)-5SIG)

=1, 1P

I=1PsN1
16915,16

10.10,11

13,13,14

GI3)=AlIP+1,IP)*A(IP+2,1P+1)

A(IP+2,1P
GO TO 19
G(l)=A(1,
Gi2)=A{I+
IF(I-IA)

1=0,.,0

-1
1,1-1)
17417,18

G(3i=A(142,1-1)

GO TO 19
G(3)=0.0

XK = SIGN{SQRTIG{Ll)*%2 + G(2)*%2 + G(3)%&2]),
234244923

IF{ XK}

AL=G(1l}/XX+1.0

PSICL)I=G(2)/1G(1)+XK)
PSIL21=G{3)/(Gl1)+XK)

GO TQ 25
AL=2,0

PSI(11=0.0
PSI(2)=0.0

IF(1-Q)
IF{I-1P)

26421426

29128, 29

AlT,1-1)==A(1,1-1}

G0 70 27

AlLyl=1)==-XK

DO 3¢ J=
IFLI-TA}

1IN
31931432

C=P3li2)=A(I+2,0)

GO To 33
C=0.C

E=AL*{A(I,J)+PSI{L)*A(L#1,1)+C)

All,Ji=A01,J)-E :
AlT+14J))=A(1+¢1,))}-PSIL1)%E
IF(I-1A) 34434430
AlE+2,J)=Al1+42,J))-PS1(2)%E
CONTINUE

IF{[-1A) 35,35,36

L=1+2

60O 10 37

L=N

DO 40 J=IQsL

10,10,12

#QRTO00L
®#QRT0002
*QRT0003
*QRTO004
*QRT0005
*QRTOQ06
*QRTO007
=QRT0008
*QRT0009
¥QRTO010
*QRTOO11
*QRY0012
*QRTOOQ 13
*QRT0014
*QRTJ015
=QRTO016
*QRTOO017
*QRT0018
*QRTOOQ19
*QRT0020
®*QRT0021
«QRT0022
*QRT0023
#QRY0024
*QRT0025
*QRTQ0 26
*QRTO027
*2QRTO028
*QRY0029
*QRYOQ30
*QRTO031
*QRT0032
®*QRT0033
*QRT0034
*QRTO035
XQRTO036
=QQT0037
*QRT0038
*QRT0039
*QRT0040
*QRT0041
*QRT00&2
*QRTO043

XQRTO044

*QRTO045
xQRT0046
2 QRT0047
*QRT0048
«*QRT0049
*¥QRT0OQ50
2QRTO051
*QRTO0Q52
®*QRTO053
*QRY0054
*QRT0055
=QRT0056
*QRTOOST
*QARTO0S58
*QRTOO59
*QRT0060
*QRT00A1

35



38

39
41

42
40

43

10
ig

36

0
1

IFII-1A) 38,338,139
C=PSI{2)%A(J,1+2}
GO TOo 41

€=0.0

E=AL*%{ACI,[)+PSI{L)*A(J,[+1}+C)

AlJd,I)=A0d4,]1)-E
AlJol#1)=A{J,1+])~-PSI(]1)%E
IF{I-TA) 42,42,40
AlJ 2 I+2)=A0J2I#2)-PSTL2)*E
CONTINUE

IF{I-N+3) 43,433,100
E=AL*PSI{2)*A(1+3,1+2)
AtI+3rI’=‘E
A(L 3, 1+1)=—PSI{]1)%E
A(I 43,142 )=A{1+3,1+42)-PSTI(2)%E
CONTINUE
RETURN

ENC

SUBROUTINE HESSEN{A.MyMAX)

SUBFOUTINE TG PUT MATRIX IN UPPER HESSENBERG

DIMENSION A(MAX,MAX}, BL99}
DOUBLE PRECISION SUM

IF (M - 2) 30,30,32

DO 40 LC = 34M

N=M+-1C + 3

NlL = N -1
NZ = N - 2
NI = N1

DIV = ABS{A{N,N-11)

DO 2 J = ly4N2
IF(ABSTAIN J) )= DIV} 242,01
NI = J

DIv = ABS(A{NuJ))
CONTINUE

IFI(CIV) 3,40,3

IFINI = N1} 4y Te4

DO 5 J = 1,N

OIV = A{(J,NII

A(JsNI) = AUJyNL}
AlJyNLl} = DIV

DI 6 J = 1+M

DIv = A(NI.,J)

A(INEsJ} = A(NLlsd)
A(NLly,J) = DIV

D0 26 K = 1, N1

B{K) = A{NyKI/AINJN-1)
DO 45 J = 14M

SUM = (0.0

IF {(J = N1) 46,43+43
IF(B{J)) 4lysad,4sl
A(NsJ} = 0.0

DO 42 K = 14Nl

AlKyJ] = AtKyJ} - A(KsN1)%B(J}
SUM = SUM + A(X,J)%B(K)
GO Ta 45

D3 44 K = 1Nl

SUM = SUM + A(KyJ)=B(K)
A(NIL,J} = SUM

CONTINUE

RETURN

END

=QRT0062
*(JRTO063
*DRY00 64
*RQRTO0LS
*QRT0066
*QRTO067
*QRTO0ES
®*RTO069
*QRTOOTO
*QRTO0O7T1
XQRTYO072
=QRTOOT3
*QRTODT4
*QRTQQ75
xQRTODT6
*QRTOGT7
*QRTOO78
®QRTO079

HESSO0002
HESS50001
HES50003
HES50004
HESS0005
HES 50006
HESS000T
HESS50008
HESS0009
HESS0010
HESS0011
HESS0012
HESS0013
HESSOO014
HESSO0O15
HESSO0016
HESSOOD17
HESSOQOL8
HESS0019
HESS0020
HESS0021
HESS0Q22
HESS0023
HESS0024
HESS50025
HESS0026
HESS0027
HESS0028
HESS5002¢9
HESS0030
HESSQ031
HESSQO32
HESS0033
HESS0034
HES50035
HESS50036
HESS50037
HESSO038
HESS003s
HESS0040
HESS0041
HESS0042
HESS0043
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20

50

100
105

200

220
230

SUBROUTINE CXINVIAsNoByMyDET, IPIV,INDXyMAXy ISCALE}
CCMPLEX MATRIX INVERSION WITH SOLUTION COF L LNEAR EQUATIONS

CAvM
CADM

CABS(AIMAX)), CAVA
CABSI{CETERM)y CAPY

CaBS(ALI J)}
CABS(PIVOT)

CCMFLEX AIMAX N}y B{(MAXyM), SWAP, DET, PIV, PIVI, CO, Cl
DIMENSION IPIVIN},y INDX(MAX,Z2)

CONSTANTS, ENITIALIZATICM

co (0.040.0}
Cl1 {1.0,0.C)
ISCALE = 0

RL 10.0%%100
RS 1.0/RL
DET = Cl

CADM = 1.0

D0 20 J=1.N
IPIVIJ) =0

00 500 I=1l.N

SEARCH FOR PIVOT ELEMENT

CAVM = 0.0

00 1G5 J=1yN

IF (IPIViJ) .EQ. 11 GO TO 105
D0 100 K=14N

IF (IPIVI(K) - 1) 50,100,750
COGNTINUE

CAVae = CABS(A(J4K))

IF (CAVM .GE. CAVAY GO TO 1C¢
IR0OW J

1coL K

CAVM Cava

CONTINUE

CCONTINUE

JdF {CAVM .EQ. 0.0) GO TO T72C
IPIVCICGL) = IPIV(ICOL)Y + 1

INTERCHANGE ROWS T0O PUT PIVOT ELEMENT ON DIAGONAL

IF (IRUW .EQa. ICOL) GO TO 230
OET = —-DET

DO 200 L=1,N

SWAP = A[IROW,L}

A{IROWsL) = ACICOL,L)
A(ICOL,L) = SWAP
CONTINUE

IF (M .LE. 0} GO TO 230
DO 220 L=1,M
SwAP = B(IROW.L)

B(IROW,L) = BLICOL.,L)
BUICCGL4+L)} = SwWAP
CONTINUE

CUNTINUE

INDX{I,l] IROW

]

INOX({IL,2) = ICOL
PIV = a{lCOL,ICCL)

F1.3
Fl.3
Fl.3
Fl.3
Fle3
Fl.3
Fl.3
Fl.3
Fl.3
Fl.3
Fl.3
Fl.2
Fle3
Fl.2
Fle3
F1.3
Fl.3
F1.3
Fl.3
Fl.3
Fla3
Fl.3
Fle3

‘Fl.3

F1.3
Fl.3
F1.3
F1.3
Fl1.32
Fl.3
Fl.2
FlL.3
Fl.3
Fl.3
Fl.3
Fl.3
Fl.3
Fl1.3
Fle3
Fl.2
F1.3
F1.3
FL.3
F103
F1-3
Fl1.3
Fl.3
Fl.3
Fl.3
Fl.

Fl.3
Fl.3
Fl.3
Fl.3
F1.3
Fl.3
Fl.3
Fl.3
Fl.3
Fl.3

LdrnPUN=0
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CAPY = CABS(PIV)
IFf (CAPV .EQ. 0.0) GO TO 720

SCALE DETERMINANT

PIVI = PIV
CAOM = CABSEDET)
IF (CADM «LT. RL ) GO TO 2¢&0
DET = DET/RL
Capr = CABS({ODET)
ISCALE = ISCALE ¢+ 1
IF (CACM .LT. RL) GO TO 290
DET = DET/RL
ISCALE = ISCALE + 1
GO TO 290
260 CONTINUE
IF (CADM 6T« RS) GO TO 290
DET = DET*RL
CADM = CABS(ODET)
ISCALE = ISCALE - 1
IF {CADM .GT. RS) GO TO 290
DET = DET*RL
ISCALE = ISCALE -1
290 CONTINUE
Capyv = CABS{PIVI)
IF (CAPV .LT, RL) GO TO 320
PIVI = PIVI/RL
CAPV = CABS{PIVI)
ISCALE = ISCALE + 1
IF {CAPV .LT. RL) GO TO 340
PIVI = FIVI/RL
ISCALE = ISCALE + 1
GO TO 340
320 CONTINUE
IF (CAPV .GT. RS) GD TO 340
PIVI = PIVI*RL
CAPvV = CABSIPIVI)
ISCALE = ISCALE - 1
IF (CAPY «GT., RS) GO TO 340
PIVI = PIVI=*RL
ISCALE = ISCALE -1
340 CONTINUE
DET = DET * PIVI

eIy R B TR T TS B N Y |

LT B e e ey B T B S e B e R R 1 A 1 A T |

—
T

CIVIDE PIVOY ROW BY PIVOT ELEMENT

A{ICCL,ICOL) = C1
DO 350 L=1.N

350 A(ICOL,4L) = AUICOL,LY/PIV
IF (M .LE. 0) GG TO 38¢C
DO 370 t=1,M

370 B(ICCL,L) = BUICOL.JL)/PLY

REDUCE NUN-PIVOT ROWS

380 CONTINUE
DO 560 L1=1,N
IF {L1 «EQ. ICOL) GO TO 500
SWHAP = A{LLl, ICQL)
AfL1,ICCL)Y = CO
DO 400 L=1sN

115
11¢€
117
118
119
120
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OO

400

450
530

AfLY1,L) = ALLLyL) — ACICOL,LI®SWAP
IF (M «LE. O) GU TO 500

DI 450 L=1lsM

BiLLl.L) = BILLlsL) — R{ICOL,L)I*SKAP
CONT INUE

INTERCHANGE CULUMNS

DO 700 I=14N

L = N#l-I]

I# (INDX(Ly1l) -EQ. INDX(L,2}1G0 TO 700
IROW = INCX{L,1)

[COL = INDX{L 42}

DO 690 K=l¢N

SWAP = A{K, IROW)
AlKyIRUW ALK, ICOL)
A{K,ICOL) ShAP
CCNTINUE

CONTINUE

GO TC 50

CET = CoO

ISCALE = 0

RETLRN

END

Fl1.3
Fl.2
Fl.3
Fl.3
Fl.3
Fle2
Fl1.3
Fl.3
F1.3
Fl.3
Fl.3
Fle3
Fle3
F1.3
Fl.3
Fl.3
F1.2
Fla3
Fl.3
Fla.3
Fl.3
Fle.3
Fl.2
Fl.2

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

39



Printing of Files Containing Calculated Results

for Sample Case

A printing of each BCD file for the sample case is given. The headings essentially
give the quantities printed using the FORTRAN variable names as previously given. The
files and their contents are as follows:

File
name

OUTPUT

TAPE1ll

TAPES

TAPE30

TAPE31

TAPE32

TAPE33

40

Content

case identification, date, and time only

printing of input data NAMELIST and the NPOS dimensional (1/sec) char-
acteristic roots with Im(A) 20 (NPOS=NTWO - NEGR +1); velocity is
printed followed by Re()), SYMBOL, and Im(})

each characteristic root (with Im()) 2 0) and the corresponding eigen-
vector is printed for every value of velocity

velocity, trim angle of attack, and the aerodynamic coefficients about the
center of mass

dimensional tether derivatives or spring constants about the center of
mass

dimensional balloon position and tether conditions (note that CAB CRAG=n)

the uncoupled roots of the x-, z-, and #-equations are calculated by
factoring the diagonal quadratic factors of the stability determinant and
are associated with the FORTRAN variable name UNCRT; both roots are
printed (even if Imf{)) < 0); the headings RLX1 and IMX1 denote the real
and imaginary parts of the uncoupled roots associated with the x-equation,
etc., where the letters X, Z, and T in the headings indicate x-, z-,
and #-equations, respectively



Listing of OUTPUT for sample case (identification card, and date and time anly),-

LONGITUDINAL STABILITY DOF TETHERED BALLCON ~ LRC BALLOON-REFERENCE CONFIGURATION 11/20/72 09.56.50.

Listing of tape 11 for sample case (principal file for characteristic roots).-

$LONGOTA

COINS = C.lE-Cl,
CLAD = 0.898-01,
CLQR =  0.£85E+0C,
CHMACK = -0.26E-01,
LCMQR = -3.185E+CC,
CELLC = 0.0
DELCDA = 0.0,

DELCL = 0.04

DELCLA = Q.0

DELCM = 0.0y
DELCHMA = 0.0

cou = 0.0,

Ly = Ty

CHMUR =_ 0.0

5 = U.7C4E+01,
ChAaR = Q.T7t4E+01,
YYoI = U.l71E+03,
T*A 5% = D.l42E+G2,
AXMASS = (.511E+01,
AZMASS = 0.235E+02,
WS = (0.1C8E+03,
BUCY = 0.19E4G3,
BHR = 0.0,

BLR = C.21l3Ev01,
SHR = 0.38E+33,
SLR = =04 ELE+00y
COH = C.l49F+0C,
CoL = Q.112+01,
TLR = 0.344E%+(1,
TTR = 0.382E+01l,
cLC = D.€&1t+02,
CCiaM = Ua.l4lE-01L,
coc = GC.117E+01y
L1 = Q.343E+00,
RHE & D.1225E+CLly
YMIN = 0.1E+01,
DELY = 0.1E#01l
NYEL = 51,

SENC



42

VELGCITY{REAL{ROOT ([) )4 1=1,NPOS)
SYMBCL,y [ TMAG(RQOCT(I))+1=214NPOS)

1.00000

2.00000

3.00000

4.00000

5.00000

6.030000

7.00000

8.00000

9. 00000

19.0030

CIRCLE

11.0000

12.0000

13.0000

14.0000

15.0000

1¢£.0000

17.000C

18.0C0G

19.0000

20.0000

SCUARE

21.0000

2240000

23.0000

24.0000

25.000¢C

26.0000

-1.269233€-02
«238374

-2.519%45E~02
239258

-3.815002€E-02
241742

=5.281444E=02
« 246732

-7.054334E-02
+254893

=-9.24641TE-02
-2E869]

—+119482
«282599

-+152479
+303351

-«192040
-330302

~.241991
L36c101

=.324131
-417378

—+383470
«533816

-1.23563
+259847

-.806029
.

-+717823
0.

-.£86594
0.

—+685379
C.

-.708337
0.

=.728525
0.

—«753431
0.

-- 781609
0.

-.812151
0.

=.844451
0.

~.d73D8B9
[*B

—-«912761
Q.

94822
Q.

=.107410
«B54283

—«216827
«887273

~.329181
« 937627

—-.444374
. 999484

—+562925
L.0t604

-.5688306
1.12903

-+825481
1.17337

—.965847
1.17858

-1.08371
1.13870

~1.1673¢
106445

-1.21527
-950124

—1.22296
« 153418

- 432001
6T5145

-1.508%0
0.

-2.28222
0.

-2.5a532
0.

-2.85708
Q.

-3.11064
0.

-3.35222
0.

-3.58529
Q.

-31.81199
0,

-4.033706
0.

=-4.2515%
0.

=4.46621
0.

—4.&TBILT
0.

-4.88792
Q.

=-4.111921E=02
94,1124

—T7.993107E-02
23.7948

-« 114938
10.8043

~«145607
6.29164

-+1703153
4.2331¢

-.1B4626
3.13920

—.182¢t08
2¢30507

~a171834
2.13308

-.176679
1.92031

-.206730
L.79732

-.259848
1.T25867

-«336016
1.687cd

—+438J+b
1.683394

=e33400%
.833814d

-e254B67
« 908974

-.197329
351676

—s 1548990
«984306%5

-+.107509
1.01347

=T.£254c92-02
1.041b4

—44G9T2450-02
1.07Q0-5

-2.6868380L~02
L.06967

~6.7403186L-03
1.129c0

1.130491iE~-02
1.16027

2.77199sL~0s
1.19165

40268331 Te~-32
l.2230%

2.688874c-0¢
1.25634

=.557382
1.726¢%1

-+ £ET258
1481445

-.758069
1.92471

-.835324
2.0451¢

-«9304329
£« 17151

~.9¢£8251
2.3022%

-l.C2892
2.43009

-1.C8743
257437

-l.14452
2.71495

-1.20057
2.95814

=1l.25592
4.00367

-1+31075
3.15128

-1l.36523
3.30075



27.0000

28,0000

29.0000

30.0000

DIAMCND

3l.0000

32.0000

33.0000

34.0000

35.0000

36.0000

37.00€0

38.0000

3%9.0000

40.0000

TFIANGLE

41.000C

42.0000

43.0000

4+ 0000

+5.000C

40 .0000

47.0000

4d. 0000

49.000C

50,0000

AT TENGL

516000

~«984363
Oa

~1,02099
C.

-1.05803
0'

=1.09340
0.

-1.13304
0.

-1.1708%9
Q.

-1.208%2
G.

-1,24709
O

-1.28538
a.

-1.32376
0.

-1l.36222
0.

=-1.40074
0'

-1.43531
0.

=1.,47792
Oe

-1.51¢6506
0.

-1.55523
0.

~1.59391
Ge

-l.€1281
0.

-1.67132
O
-1.71003
0.

-1l.74875
0.

-1.78747
Ce

-l.82619
Ja

L. €043l
Ja

-1+53302
0.

=5.09577
O

-5.30202
0.

-5.50¢88
0'

=-5.71054%
0.

-5.51315
Ce.

=€.11485
Oa

~6.31574
0.

-6.51593
0.

-6.7154%
Q.

~b+91450
618

-7.11301
00

-7.31108
Q.

~7.50876
Q.

-T.70609
Ce.

-7.90310
Oa

-8.09983
0.

=-8.29630

- O

—-8.492%4
0.

-8.68857
Ge
-3.8BB442
J.
-9.08009
Te
-9.275¢&1
Qe

=-3.47098
0.

-G.66623
O.

-S.56136
0.

T.007230E-02
1.28954

8.252779E-02
1.32324

9.436869E-02
1.3573%

« 105660
1.391%9¢

«116553
1.42691

«127030
L.46220

«137167
1.49780

147047
1.53368

« 156504
1.56942

« 165528
1.60621

«175064
le64281

. 184016
let 798 e

« 152802
L.71661

«201438
1.75374

« 209939
1.79111

.21831L7
1.82358

« 226584
1.86620

«234750
150354

.« 242822
l.%4181

«25081L0
1.57975

«25872¢
2.01758

«2€65%5d
2+05606

« 274330
2.09434

«282040
2.1327¢

+235¢94
2.17115

=l.41%44
3.45187

-1.47366
3.60444

-1.52734
3.75828

-1.58112
3.5132%

-l.863484
4. 06919

-1.68850
4.22598

-l.74213
4.3B8350

-1.79574
4eE4LES

-1.84%933
470035

-1.90291
4. 85950

-1 455649
5.01504

-2.0L007
5.17891

—-2.C6364
5.+ 23904

-2.11722
5449939

~-Z. 17080
5.68952

=2..22438
5.8205¢%

=-2.27T797
2.58136

-2.3315%6
6.14221

-2.38515
6430311

-2.43874
6.46404

—d. 49234
b.62497

~-2.54594
6478590

-Z59954%
6. 54680

~2.65315
T.10767

-2.70675
T.26849

43



Listing of tape B for sample case (modal ratios or eigenvectors and characteristic roots),-

LONGITIOINAL STABILITY CF TETHEFED nALLCON - LRC BALLIIN-REFGRCNLE CUNFIGURATICN 11/20/72 CS.56.5C.

SIGENVECTORS
CCYPLEX RONT-REAL,I¥AG XK/THETA,M/DEG=REAL, [MaG Z/THETAM/NEG=REALs IMAC THET Ay DEG=RE AL, IMAS
VELCCITY= 1.0C00
-1.26%23F-02 L23838 =~1.5648 144148 6.¢7094F02 -1.20755E-C3 1.0000 0.
- 0741 « 35429 5.863356=03 -2.26555E-0U3 4.97133E-02 1.87209E-0S5 1.0000 0.
-4.11192E-02 94.112 -4.08401E-C4 4.,18936e-0% -2.42945€6=-02 1.13327F=04 1.920Q0¢C Q.
VELLCCITY= 2.04q00
=2.519%5c-02 »23926 =1.5489 123657 5.9U0583E-02 ~7,72945E-03 1.00¢0 0«
—e21683 .Bu727 6.59266E-03 -5.25280c-03  +.005808~02 1.631605-04 1.0000 0.
=7.%931-7c-02 23,7595 -1l.64100E-03 5.61810c-UL> -2.22545E-02 5.03961FE-04 1.0000 L]
VELCCITY= 3.0902
~3.E1500€6-02 24174 -1.572% 25923 o826 -1.83295€=-02 1.0000 Q.
-.32910 «937L4 7.37272E-03 —8.55390E-03  4.37617E-02 35,3763BE-0% L.00C0O 0.
—alla99 10.804 -3,68066E=03 3.124962=us =2.00716E-02 3.02937E-03 1.00CC [N
vVELCCITY= 4.C000
=3.20l%4E-02 224673 -1.5974 21878 23721 -2.618%9€~-02 1.3000 D)
~246637 99548 £.55074E=031 =1.13370k=02 4.34355E-02 1.06148E=03 1.20c0 0.
=« 14561 6,251 -€.375395=03 1.12358E-y3 -£4+560554E-02 T7.28BE13E-03 l1.30C0 0.
VELOCTITY= 5.CC00
~7«05433E-02 25489 -1.5694 213743 «3£4351 -2.44904E=02 1.0009 [+ 2%
=-.502%2 1.06¢0 4.60497F-02 -1.31340c-v2 4.12372E-02 1.38639E-023 l1.00¢C 0.
~.17032 %.2332 ~S5.30120E-03 3.0T263E-03 -2.39702F-02 1.35740€-02 1.3003 0.
VELOCITY= £.CCOD
=9.246492E-02 . 26609 =l.5226 5.06467E-02 swlb36 -1.3F495€-02 1.3600 e
—.68831 1.1290 1.%3592E-03 =1.38392r=0¢ 3.903778-22 B.T5131E-0% 1.00C0 0.
=.184063 3.13%2 =1.165&4B8E=-0z 6,.993€902-J3 =2.25029F-02 2.30076E-02 1.000G0 0.
VELJCI[TY= T.6000
—ellS43 «28260 -1.4053 —1.0530% —02 + 46343 -1.6259BE-03 1.0000 (1Y
=+82548 1.173¢9 -2.93894E-03 =1.35798c-32 3.60239F-02 -1.50006F-02 1.20C0 0.
-.18261 2.5051 ~1.2258BE~02 1.4051%E-02 -L«b895341E-02 3.6Ll641%E-02 L.0G30 [+
VELCCITY= 9.0000
—«l5248 -30335 ~-1.2582 -3.53007E-32 «49294 2.CE101E-02 1.0000 0.
—a56565 1.178¢8 —S.00565E-03 ~1.26506t-U2 J+45074E-02 ~6.569443F-03 1.90¢0 0.
~.17183 2.1331 —C.53434F-33 2.62502E-02 -1.30417E-02 5.37915¢-02 1.0000 0.
VELCCITY= S «0000
=.19265 «33030 -1.0599 —2,93143c-0¢ -50118 -6.8%017€-02 1.0003 0.
~1.0837 1.1387 ~Lab49L3F=G2 =1.07123E=02 3.5£430F=02 =1.45332F-02 1.2000 J.
=l7céd L.9208 =2.722B3E-03 %.57690€-02 -6.701305-03  7.61096E-02 1.000n0 Da
VELCCITY= 1J.000 CIRCLE
-.24199 36618 -.934941 =0.197895-02 2719206 =2,718004E~-02 1.00900 0.
-l.l674 1.0&665 -2.52B8LE~0Z2 -6.0552GE-03 3.20354E-02 -2.49962E-02 1.2000 2.
=-.20673 1.7978 1.384B0FE=-02 T.5B844%9E-02 v.49311E~04 « 10455 1.00¢0 0.
VELCCITY= 11.200
—. 20123 «%lT33 —-«77120 2.21511E-u2 +42d56 -5.58109E-02 l.00c0 Qs
~1.2153 95012 =3.55563E-02 5.1545%c~=U03 Z.p5d00E-02 =3.89C44E-22 1.0000 0.
=.25984% 1.7257 5.53235E-02 120739 l+5154aF-02 = 14485 l.0cco C»
YELOCITY= 12.050 .
-.38347 .50382 -.58487 3.14933E-ud «3alnl -1.57858€6=-02 1.06¢C0 0.
~1.2230 EELY] —4.166T6E=-02 34530352-0z 1.0L3240E-02 -6.550295-02 1.90n03 %
-«34602 1.6379 «171345 18257 6.42457E=-02 20517 L.000C Q.

~
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VELOCITY=

VELOCITY=

VELOCLTY=

VELCLITY=

VELGLITY=

VELOCITY=

VELGLITY=

VELCCITY=

VELCCITY=

VELOCITY=

VELICITY=

VELCCITY=

VELOCITY=

13.000
-1.2356
~«43200
~.%43805

14.600

~.8006013
-1.9089
~ 35407
-+55738

15.000
-.T1732
-2.2822
-a26487
—a 06726

16.CG0

-.69456
-2.3653
-.19713
-. 75807

17.000
-«£9538
-2.8571
-«14700
-.83532

16.C00
-.70834
=-3.1l0¢
-.10791
=.90%33

16.000 -

-.728352

-3.3522
~7.:2547E~02

-.46825

26.C00
-.75343
-3.5853

~4.57245E~02
-1.0289

21.000
-.78161
~3.68120

-2.£80688E-02
=1.Q374

22.000
=-.b1215
-4.0338

-6.74032E-03
-1.1445

23.000
—aB4445
=4.251%6
1.13049€E-02
=1.2006

244300
-+&7809
~4.4662
2.772008-02
-1.255%

22.000
-.%121¢
—-4.£782
4.268332E-02
-1.3103

. 29985
SHT9 14
1.6839

Q.

a.
-83382
1.72&9

c.

0.

. 20899
L.8l4an

0.

0.
-95168
L9247

Q.

D

+ 98437
2+0452

0.

0.
1.40135
2.1715

Q.

0.
1.0%18
2.3223

SAUARE

Q.

0.
1.3705
244367

0.

C.
L.0997
2.574%

1.1256
2.7149

3.

0.
1.18603
2.5581

1.1917
3.0037

0.

0.
1.2237
3.1913

4.51310E=-02
—.41369
-35173

1.3383
1.5037¢E-02
-+35015

«22511

~164511
£.85532E-03

—. 31905
-13159

-2.8222
2.258792E~03
=.2824G
S.£7209E-02

~1.9239
3. 6244B8E-04
~.26891
E.L10235E~C2

=-1.5782
-5.T77BA5E~-Q4

~.24840

7.26327E-02

~1.3869
-1.75685E-0G3
~.230638

6, 762C8BE-(2

-l.2617
—2.4240BE-03

-.21539

£.440290-02

~i.171%&
-2.95640E-03

-.20215

6.22336E-02

-l.1028
=3.39710E-03
-« 19064
6.07200E-u2

~1.0481
~3.77233E-03

-.18058

5.56375E~02

=1.0034
~4.,09875E~-C3

-.17176

5.88491E-02

~.56608
~a4.31B8T4LE-03

-.163G68

5.82674E-02

B8.20167E-02 =7.76739E-02
-4.16970£-02 -23329
1.87030E-03 =20140

0. -L.2739

C. ~3.34929€6-02
~.12989 +18012
—+17368 «21227

0. 15.529

Q. -2+05655E-02
=+17154 -1521%9
-.16579 «L7234

G. 2.7113

0. -1.51079€E-02
=.19338 « 13420
-+14569 + 15050

C. 1.9005

0. —le20486E-02
-.20691 «12105
-.13225 «13791

Q. 1.6G38

0. -L.00952E-02
-.21600 «11051
-.12309 «12961

Q. L4479

0. -8.75710E-013
-.22233 «10162
~.11663 L2356

Q. 1.35058

0. -7.79534E-03
~.22678 Z.38913E~02
~alll84 «ll844

J. 1.2833

2. ~7.08316E-03
~.22993 8.70715E=02
-.1i0812 -l1458

3. le233e

0. —6.5%4293E-03
-a23214 6.U56585-02
-+10514 «lileT

9. 11952

9. ~5.12637E-03
-«233067 7.55502E-92
-+10268 108461

0. lelosd

0. -5.6U278E-03
-.23471 {e004837E-02
-.1006D «lub28

0. 11351

0. . =5.34832E-03
-.23533 662223602
~G.88138E~32 « 10401

-8.56335€-02
-3.818641€-02
«19465

C.
0.
Z2+85098E-02
Te23582E-02

0.
Q.
7.88G652F~-02
4-.30847E-02

Q.
Q.

«l1724
3.66€13E-02

Q.

C.

- L4737
3.51506E-02

G
0.

«17116
3.49751€E-C2

0.
0.

«19050
3.531384E-02

Q.
C.

»20651
3.54113E-02

0.
0.

-21668
3.56673E5-02

0.
0.

23145
3.59602E-02

0.
[+1%

«24131
3.61873E-02

0.
Q.

-2498¢
3.637595-02

0.
C.

«25734
3.652T6E-02

1.0000
1.0000
1.0000

1.0000
1.00C0
1.0000
1.0000

1.0000
1.0000
1.00C0
1.0000

1.0000
1.0000
1.0000
1.0000

1.ac00
1.0000
1.03c¢
1.0000

1.0000
1.0000
L.0000
1.00¢Q

1.0000
1L.2000
1.0000
1.00C0

1.0000
1.Q000
1.000¢
1.00C0

1.000¢
1.0000
1.00C0
1.00G69

1.0000
1.000C
1.9000
1.00C0

1.0000
1.0000
1.0000
1.0000

1.0009
1.000¢Q
1.0000
1.0003

1.0000

.1.0000

1.0000
1.0000

[
0.
0.

[
0.
0.
0.

0.
0.
[+ 2
Q.

g.
C.
0.
0.

0.
0.
C.
0.

0.
Q.
0.
O

Q.
0.
0.
0.

0.
0.
0.
[

0.
0.
0.
Q.

O«
Qs
Ce
0.

Qs
Q.
Qe
0.

Q.
0.
0.
0.
0.

0.
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VELOCITY=

VELOCITY=

VELCCITYy=

VELZCITY=

VELCCLITY=

VELCCITY=

VELOCITY=

VELOQCITY=

YELCCITY=

VELOCITY=

VELCCITY=

VELCCITY=

VELCCITY=

46

26.000
%4824
-4.8879
S.66887E-02
=1l.30652

27.000

-«3b4 36
-5%.0958
T.00723E-02
=l.4154

28.C00
-1.0210
-5.302¢
8.25270E-02
-1.4735

26.00¢
=-1.058C
-5.50¢6
G.4308TE-02
-1.5273

30.000
=1.0554
-5.71C5%

«10565
-1.5611

Il.300
-1.1330
-£.9131

«11665
—leb348

32.+000
—1.170%
-t.1148
.12703
-1l.6085

33.C20
~1.2G3%
-€.3157
13717
~1.7421

34,000
-1.2%71
~6.5155

«l3701
~1.7957

32.000
-l.2b34
~£.7155

15658
—l.8492

3€.000
-1.3238
—6.5145
-15553
=1l.9026

37.000
—lua3622
-7.11390

175086
-l.95%025

33.000
-1.4007
—-7.31110

16802
-2.0101

0.

D
1.2563
3.3008

Q.

Q.
1.2895
3.451%

Q.

Q.
l.3232
3.46044%

DIAMCAD

0a

0.
1.3920
3.9132

0.

Q.
1.4269
4.0662

Q.

Qs
L.4t22
4.2260

d.

0.
laa978
443435

0.

0.
1.5337
4.5417

0.

J.
l.505%8
4.7002

J.

0.
L.5062
443955

Oe

Ga
l1.6428
2.0190

.

1.5765%
5,1782

—«93440
~4.646(3E-03

~.15709

5.78342E-02

-.9071¢6
—4.8B025E-03

-.15C%26

5.720%5E-02

-.83350
-5.09385E-C3

-+14549

5.72655E-¢C2

-.06275
-5.28997E-03

~«14060

£.7032QE-02

—aB4443
-5.47097TE-023

-.13619

S.69445E-02

-.A281%
-5.6387LE-03

=. 13222

5.68422E-02

-.81358
-5.79471E-03

-.12863

5.067609E-02

= 80049
=5.94020E-C3
-.12537
E.67128E-02

—-+7886%
-¢.07622E-03

-.12240

5.66T46F-02

- 77799
~6.20365E~-02
-.11%¢69
5.66492E-02

-.76826
~-¢.32325E~G3

-.11722

S.66333FE-02

-. 15937
~6.43568£-02
-.11455
2.65260E-02

~.7512¢
-€.54152E-03
-+ L1286
5.65243E-G2

0.

Q.

-e23578
-%.T2522E-0&

.

0.

-.23297
-9.58715c-02

0.

0.

-+23602
—5.486383¢c-92

C.

Q.

—.23597
-9.35280E-02

Q.

0.

-.23583
-9.25213e-0¢2

J.

Q.

-.23563
-9.16038E-02

Q.

Q.

—423540
-9.076272-02

0.

0.

-.23513
-8.95393E-04

0.

0.

—+23485
-8.92754E-0¢

0.

0.

-.2345%6
-B.B86l45E-0U2

0.

O«

-.23426
-8.80009c-0<

Q.

0.

~.23396
=8.74300E-u2

Q.

0.

—«23387
-B8.6B85T6E-02

1.1.80
=-5.34751£-023
6.22139E~02

«101l96

1.1000
-5.18860E-03
5.85749E=02

-10G09

[.0845
-5.06273E-03
£.52639E-02

F.83791€-02..

1.07410
-4.76336E-03
5.22%46E=02
Y.05079E-02

1.0591
~4.58510E~03
4.94857E-02
9.53592E-02

1.0487
-4.32335E-03
4.653545E-02
9.40198E-02

1.03%23
~4.77607E-03
4.464LTE-02
9.27738¢5=02

1.0310
=4.74070E~03
4eeB5l125-02
9.16265E-02

1.0235
—4.71396E-03
4.05491E-02
9.0554TE~02

l.Glo7
-%+6547T7TE-03
3.873658€E~-02
8.95962€E=-02

1.010%
~4.00lT7E=-03
3.70655E-02
3.46247E~02

1. 0049
-4.07354E-03
3.55162E-02
ba.T7344F-02

+99971
-4.07007E-03
3.407945-02
d.0F4UIE-02

Qs
0.

«26392
3.66467E-02

Oe
Q.

«26974
3.673606E-02

G.
0.

+27493
3.,680LBE-0Q2

0.
Q.

27957
3.68460E-02

0.
Qe

.2B373
3.68726E-02

Q.
Q.

28749
3.68848E-02

Q.
Qs

+2%090
3.68650E-02

0.
0.

29390
3.46BT56E-02

0.
0.

.29681
3.68533E~02

0.

0.

« 29939
3.60347E~02

0.
0.

-30L75
3.68062E~02

Q.
0.

-303%52
3.6TT39E=-02

Q.
0.

+305%3
3.67386E-02

1.0000
1.0000
1.0000
1.00C0

1.0000
1.0000
1.00040
1.0000

1.0000
1.0000
1.0000
1.00C0

1.0000
1.000Q
1.0000
1.0000

1.0000
1-0G00
1.0000
1.0000

1.00C0
l.00CC
1.0000
1.080C0

1.0009
1.90000
1.00090
1.0000

1.0000
1.0CC0
1.0000
1.00€C0

1. 0000
1.0000
1.000C
1.0Q0CC

1.0000
1.0000
1.0000
1.0000

1.40c00
1.0002
1.0000
1.0000

1.0003
1.0000
1.2000
L.00CC

L.0000
1.0090
1.Q000C
1.00233

[s %
O
Oa
0.

0.
Q.
0.
0.

[ I
0.
Q.
Oa

0.
Q.
0.
0.

0.
G.
0.
.

0.
O.
Q.
O

Q.
0.
Q.
0.

0.
G.
0.
0.

0.
0.
0.
2.

0.
G.
0.
0.

.
0.
0.
0.

0.
0.
0.
0.

0.
C.
0.
C.



VELOCITY=

VELCCITY=

VELCCITY=

VELGCITY=

VELOCITY=

VELOCITY=

VELOCITY=

VELCCITY=

VELDCITY=

VELOCITY=

VELOCITY=

VELCCITY=

35.35090
-1l.4361
~-71.90E8

+1%230
-2.363¢

+C.00Q
=l.477%
~1.70¢€1
«Z01l 44
-2.1172

41.uC0
-1.51l8s
-7.5031
«20G Gy
-2.17C4d

42,000
-1.5852
-2.0998

»Zlb3dz
—2.2244

43000
-1.2%39
-d.2542

-22¢ 58
—-2.27dC

44.C00C
~-1.6326
-8.4%25
23475
—-2.3315%

45.000
-le6713
-8.46386

24262
-2.3451

4€.L00
-1.7100
-gd.38%%
.25081
~2.4387

47000
-1.7484
-%.0B801

-25872
-2.49213

4E.CO0
-1.7875
-9.275¢6
£2665€
—2e3545%

45.000
-1.82€2
=9.4710

«£T7433
=-2.3955%

5€.000
—1.864%
~5.6662
«28204
-2.6531

51.000
-1.9G3¢é
-%.86Ll4

< 28965
-2.7068

Je

Q.
L.71&%
5.339Q0

Talas5Le
0.
0.
l.7538
544564

0.

0.
1.7911
5.6596

2.

Q.
l.82c¢e
>.8206

0.

2.
L.BkeE2
2.9814

0.

0.
1.2029
6.1422

0.

Q.
l.9412
6,3031

2.

Oe
1.5798
04640

0.

0.
2.0179
6.6250

Q.

Q.
2.C561
€.7BE9

Oa

0.
2.0943
6.9448

2T TRNGSL
2.
Q.
241327
7.10717

Q.

Js
2.1712
T.2085%

~.74379
-6.66128E-C)

-.11C%3

5.06273E-02

—-. 73691
=&.T73542E-03
-.10916
5.646338E=-02

-.73057
-t.82435E~-03

-.10T&2

5.66432E-02

~. 72471
-c.90845L-03

=. 10599

5.€6247E-02

~.71928
-6.GBBO5SE~CT

=.10458

S.66677E-02

-+ 71423
—T.06346E-03

-+ 10326

5.66B8l9E-02

—«70%53
-7.13496E-03

-.10204

5.06969E~02

—--70515
=7.20281E-C3
-« 13030
5.¢T125E=02

=.70107
-7.26T24E-C3
-9.962T5E-02

S5.67284E-02

-.69724
=7.32847E-03
=-%.882T2E=-02

5.6T445E-02

~.5093686
-7.33671E-C2
-9.783894F=02
5.67606E-02

—«€9030
~T.44213E-03
=5.70055E-02

5.611606E-02

-.6871%
—T7.49491E-03
=9.61823E-02

5.6T7922E-02

0.

Q.

-.23337
-2.64002E-02

0.

[t

-.23309
~8.559347 -0

0.

0.

-.23281
—8.54983E-0¢2

Q.

Q.

-.23254%
-8.5088¢5-0¢

0.

C.

-.23228
~8.a47035¢-02

Q.

0.

—+23202
—8.43410c—-us

O.

Cs

—-.22173
=0.39993==0¢

Q.

a.

-.23154
-8.38T70c-02

0.

Q.

—.23132
=-3.33725E-32

Jde

0.

-.23112
=-8.308462-02

Q.

Q.

-.2308%
-£.28121c-0¢

G.

J.

—«23069
—8.25540e=U4

Q.

Q.

-.23050
—8.23092r-0¢2

-54500
—.00L969E-0D
3.27447E=-02
B.LLT78E-02

-55388
-4.07208E-C3
3.150£495=-02
beS54u28E-02

«3dbe s
~4.576T3E-03
3.03657E-02
Bad{915E-02

£ 949257
~4.cd420F-23
£a92659E-02
b.+lboulE-02

-37955
=%.65114E=03
2.825¢B8F-02
5+33672F=22

«9T937
-%.70025E-03
2.751255-02
4.30003E-02

e 27342
=+« 7102 TE-Q3
2.54276E-02
5. 2481 5F=02

=57067
—4%.72]lU1E-023
2.55374€-92
8. 1984 4F-02

EET-R ]
—%.T3228E-23
2+18175E-02
J.1l5l48E-02

« «9e370
=4.T4395€E-03-
Z24UB40E-02
4-1QT10E-02

55345
=4.1358GE-03
2433333E-02
3.06510€-22

«Ptl3%
—4.76801E-03
2.27422€-02
d.92233E02

»95935
=4.78022E-03
2.21278E-02
T.98764E=-02

Q.
J.

«3077&
3.670128=-02

0.
Q.

«3054G
A.£6£228-02

0.
Q.

-31108
3.56222E-02

Q.
0.

-»31256
3.t581leF=-02

C.
O

=31394
3.55403E-02

0.
O.

.31522
3.65000E-02

Ce
0.

=31642
3.£4594E-02

O
0.

31754
3.66193E-02

Q.
Qs

«31860
3.63797E-02

0.
0.

319854
3.634CGE-D?

Q.
9.

«32051
3.63028E-02

C.
Qs

=3213%
3.62656E-02

Q.
C.

32221
3.462292E=-02

1.0GGO
1.4000
1.0000
1.00040

1.0000
1.0000
1.33¢0
1.904¢

1.00G3
1.0009
1.00c0
1.0030

1.0000
1.0000
1.09¢0
1.00092

1. 0000
1.0000
1.0000
L.000¢

1.0000
1.00Ca
1.0004
1.0Cac

1.0000
1.0000
1.4000
1.Q000

1.0000
1.0000
1.0000
1.90CC

1.00C3
1.20CQ
t.C0ac
1.004Q0

1.0000
1. 0000
1.0000
1.004Q¢C

1. 0009
1.0000
1.00C0
1.20C0

1.0000
L. 00Q002
L.0000
1.Caca

1.0000
1.3000
1. 0000
1.0000

0.
0.
a.
0.

0.
J.
9.
0.

0.
0.
0.
Q.

0.
0.
0.
a.

0.
0.
0.
Q.

0.
0.
0.
0.

Q.
0.
0.
0.

0.
.
0.
Q.

0.
0.
0.
0.

0.
0.
0.
O.

0.

0.
0.

0.
0.
0.
0.

0.
Q.
0.
0.
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Listing of tape 30 for sample case (trim angle of attack and aerodynamic coefficients),

LONGETUDINAL STAaUILITY Uk TETHELIMY

VELCCITY
1,000
2.000
3.000
44,400
2.000
64000
7.000
8.000
49,000
10.00
11.30
12.00
13.00
L4.00
15.00
l&6.00
17.00
18.00
13.00
2000
21400
22.00
23.00
24.00
2%.00
2&6.00
27.00
28.00
29.00
310.00
31.00
32.00
33.00
34.00
35%.00
36.00
37.00
38.00
39.00
40.00
41.00
42030
43.00
44,00
45.00
46.00
47.00
48«00
49.00
SU.00
51.00

ALPHAU
B.167T
84550
3.250
7.923
7.604
T.327
7.u86
t.B84
6aTLlb
£.577
baab 2
ce367
€.20817
6.220
G.lon
E.115
toUT4
€.03Y
.08
5.601
5.55H
5.937
5.519
5.902
S5.bbb
5.875
5.bt}
5,8h3
5.843
5.K35
5.827
2.820
5.4813
5.8U7
5.802
5.791
5.7%2
5.788
5.784
5.780
5.777
5.773
5.7T76
5.708
S Thh
5,762
S.7c0
5.728
S5.750
5.754%
S.752

co
2.9549E-02
5.9453E-02
5.9284L-02
5.9137E-02
5.902eE-02
5.8943F=-02
5,.,B8R94E-02
5.4456kE=-uU2
5.8830F~02
S5.8911E-02
S5.H1GhE=02
5.87187E-02
5.87719E-02
5.8713L-02
5.9768E-02
2.87640-02
5.8T&1E-D2
5.B7508F-02
5.815¢E=-02
5.8754E-02
5.B753E-02
5.8T51C-02
5.8750L=-02
S.8T49E-02
5.87148E-02
S.d7475—~02
5.8T40kE=-02
5.B87T4¢E-02
2.874%E-02
5.8745E-02
ba8T44E-02
9.B144E=02
3.8715%3E-02
5.8743E=-02
5.8743F-02
5.8742E-02
S.AT42E=U2
5.8742¢~02
5.68742E-02
2.8BT42E=-02
5.8741E-02
5.8741F-02
5.8T41E-02
S.474lE-02
S5.8741E-02
5.0741E-02
2.8740cE-02
2.87T9UE-0OZ
5.8740L-02
5. 87340E-02
5.8740E-02

AALLOON = LRL BALLOOCN-REFpdeNLE LUNFIGURATION 11/720/72

ALRODYMAMIC COEFFICTENTS

cL ]
9.5706E-02-3.4372E-03
9.6972F-02-3.9596(-03
9.3205E-02-3.7310F-03
H.0L06F ~G2=3.7191E~03
9.51:1E-02-4.0995E-03
Hol624E-02-4.2594E-02
7, 8580E-02-4.3946C-03
7-60l6E-02-4.50645-03
7.388B2E-02-4.5574F =03
7.2110f-02-4.6724E-03
1.0040E-02-4.7335€-03
t.9415E-02-4.T836E-03
€rd3IHE-02-64.8252E-03
4. 7526L-02=4.8598E-03
6.6T95E-02~4 .83BYE-Q2
6.b1726-02-4.9135E-03
£.5638E-02-4.9345F=-01
6.5177E-02-4.9575E-03
&.4TTIF-02-4.9640E-03
b.5429F-02-4.9815£-03
6.4124F—02-4.9933€-03
6.3855E-02-5.00146E-03
G.36L7E~02-5.0127€-03
6.3406E~02=5.0208E~-03
6.3217E-02-5.0280E-03
€.3049E-02-5.0334E6-0)
6.7BS7{ -02-5.0402E-03
£ 2 TLOE-02-5.0454E-03
6.2636E-02-5.05000-03
6.2524E-02-5.0943E~03
6.2422E-02-5.0581E~03
6.2329-02=5.0617E-03
6+2244E-02-5.0649E-03
6.2166E-02~5.0678E-03
£.2094E-02-5.07C05E-01
6.2028E-02-5.0730E-03
6.1966k-02-5.0753E-03
6.1910E-02-5.0774E-01
6. 1BSBE-02-5,0794E-03
t.1809E-02-5.0812E-03
6.1 TE4E-02-5.0829E-03
cel1722€-02-5.08450-03
6.16B2E=02-5.0860F-03
6a1646E-02~-5.0873F-0)
6.1611E~02-5.0886E-03
6.1579E-02-5.0898E-03
t.1549E-02-5.0909E-03
6e1521E=(2=%.0920E-03
5.1494£-02-5.0930F-03
0. L4B6YE=-02-5.0939E-03
b.1445E-02-5.064BE-03

coa
4. 1492E-Q2
3.9 798k =02
2. u9tdc—02
242720t =02
Lle F825E-0¢
ladlolbk-ue
L-1554~-02
9.60647L-03
B.2%/0¢=05
T.2B803c—03
6+2194t-03
5.9 3058L-03
S.4829L-03
Sel2340-03
Le8344L-03
4:5%80E-U3
4.4045E-03
442%5c-03
4.L0c0L-03
3.9d99L =03
3.8%05E-03
3.4046E-03
3.7300E-03
3.664TL-0J4
3.607¢L-03
3550403
3.5113c-03
3.4710L-03
343498693
3.4023E-03
3.313uE-03
3.3404t-03
3.3222L-03
3.3001c-03
3.2400E=04
3.20L5E-0)
3.2445E-03
3.2285E-03
3.2144E-03
3.2011E~-03
3.1887t=013
3L TTe-03
3.14665E-063
341565603
3141203
3.is8bL-ul
3.1 30403
3.1227E=-03
3.1156E-0s
3.1uddc—-03
3.1025:~-03

CLa
~ 1244
213
.TL88
«7LB81
« 7183
<7216
« 1245
1274
~7301
« 7326
1347
T EE
.7382
« 7395
- T407
-T417
<7426
LT434
« 71440
T446
« 7451
« 1458
« 7460
.T4E4
«T4BT7
L7470
dJ4t2
« 7475
T4T7
T479
<7480
o7482
«T4B3
7485
- T4BE
+ 7487
.1488
«74R9
« 7490
7491
<7492
«T492
«7493
e 7454
S 1494
<7445
«T495%
- 1496
< T45¢&
7497
- 7497

CMA
3.2132E-02
3.25728-02
3.2909E-02
1.295TE-02
3.2T7T33E~-02
3.2340E-02
3.1880E-02
3.1419E-02
3.0991E-02
3.0610F-02
3.0279E-02
2.9993E-02
2.9T7T48F-02
2.9538E-02
2.9358F~-02
249203E-02
2.9069E-02
2.8952E-D2
2.8851E-02
2.8762E-02
2.86847-02
2.8615E-02
2.8554E-02
2.8499E-02
2-8451E-02
2.8407E-02
2+.8368E-02
2.8332E-02
2.8300F-02
2.8271E-02
2.8244E~02
2.8220E-02
2.8198t-02
2.8177F-02
2.8159E-02
2.8141F-02
2.8125E-02
2.8111E-02
2.8057F-02
2.8084E-02
2.8073E~02
2.8062E-02
2.8051F-02
2.8042E-02
2.8033E-02
2.8024E-02
2.8016E-02
2.8009€-02
2.8002E-02
2+T995E~02
2.7989€-02

0%.506.50.

cLQ
- 0974
+« 0962
- 8952
« 4847
- 8947
-85¢1
« 4957
«B964
+8970
-B8976
89482
<8986
- 8990
« 8994
- 0997
«8999
5002
- 5004
«5005
-5007
«9008
« 95009
<9010
-5011
9012
«4013
29014
«9014%
«3015
+9015
« 5016
« 5016
-5016
<9017
<9017
-9017
.9018
-5018
.5018
+6018
.9019
« 5019
« 5019
- 5019
+ 5019
9019
-5020
5020
= 9020
%5020
= %020

CMAD
—3.8858E-02
-3.8861E-02
-3.9864F~-02
-3.8847E-02
-3.8869E~02
-3.88715-02
-3.8873E-02
~-3.88T4E-0Q2
—-3.8875F-02
-3.8875E-02
-3.8876E-02
-3.8876E-02
-3.88B76E~-02
-3.88T6E-02
-3.887T8E-02
-3.8R76E-02
-3.88T7E-Q2
-3.BBTTE-02
-3.88T7E-02
-3.8877E-02
-3.8877€E-02
-3.887TE-02
-3.8877E-02
—3.,88T7E-02
-3.8877TE-D2
~3.887T7TE-02
-3.8877E-02
~3.B877E-02
-3.B877E-02
—-3.8877E-02
-3.88T1E-02
-3.8877E-02
=-3.8877E-02
-3.8877E-Q2
-3.8877E-02
-3.B877E~02
~3.88T7TTE-02
-3.8817E-02
—31.8BT7T7E-02
-3.8877TE-02
=-3.887TE=-02
—3.8877E-02
-3.8877E~02
—3.887TE-0Q2
~-3.887TE-0Q2
-3.88T7E-02
—-3.887TE-02
-3.8877E-02
-3.887TT€E~-02
-3.88T7E-02
-3.887T€-02

CMO
-.2788
-.2787
-.27886
-.2786
—-.2787
-.2788
-.2789
—.2791
-+ 2792
-22793
- 2794
~. 2795
=-.279%
-22796
—-e 2796
-o2197
—«2797
-. 2797
—.2798
-.2798
- 2798
- 2798
- 27199
—. 2799
- 2799
- 2799
-. 2799
—.2799
~. 2799
-, 2799
—a 2799
-+ 2800
-.2800
-. 2800
—.2800
-. 2800
-« 2800
—-.2600
-.2800
—+ 2800
=-.2800
-.2800
-. 2800
—-.2800
—.2800
-.2800
—. 2800
~.2800
~-.2800
-.2800
-.2800
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Listing of tape 31 for sample case (tether spring constants).-

LONGITUDINAL STADILITY OF TOTHEFED GALLLOM

VELOCITY
1.000
‘2000
3.000
4.UJ0
5,000
6.000
7,000
8.000
9.000
10.00
11.00
12.00
13,30
14.00
15.00
1¢,00
17.00
18.00
19.00
20,00
21.00
22.00
23,00
24,00
25%.00
26400
27.00
28.00
29.00
30.00
31.00
32.00
313.00
34.00
35.00
36.00
37.00
38.00
35.00
40,00
41.00
42.00
43.00
44%.00
«5.00
46.00
4T.00
48.00
49.00
50,00
51.00

LEXX
G239
9.445
5.801
10.32
11.06
12.01
13.2¢
14,43
1L.78
15.13
21454
25.23
25.03
33.39
2d.33
434048
5J.07
S5t.61
64443
Téabh
Bla57
Gledl
Lul.e
114.7
12445
137.1
150. 4
I
179. 3
| L
21l1.1
22941
245.4
24,2
2639
303.3
3723.9
Iu5.2
3e7.2
389.6
4150
4374
4.2
487.¢
Z13.8
540.¢
568.1
55643
625.1
65446
&84.8

TETHER SPR[MGS

SKXZ
J6l.7
252.9
119,.,4
Tiel0
53.09
42444
368
33.68
32.40
32.711
33.13
34,54
3156.81
39.52
42.768
“bail
50. 64
55437
60.53
LR
T2.24
7e.78
B85.179
93.26
[ Yol P-4
L0%.6
118.4
127.7
137.4
t4dae
158,2
1c9.3
180.8
192.7
205.1
217.9
231.1
244.8
258.9
273.4
2BB.3
303.6
319.4
135.¢
352.2
309.2
386.5
404 .6
422,17
49l.3
460 .4

SKXT
-2737
-£37.06
=307,.,5
-1T4.1
=112.0
-77.55
-56.97
=42,72
-32.11
-23.4%
-15.7%
-8.370
- 5242
6.89%
15.30
24447
34.51
45,55
57.65
TU.S0
B3,.33
i0l.0
117.5
136.2
155.7
176.6
198,71
22244
24743
273.¢
30142
330.1

360.4

392.0
42449
659.1
494.7
53l.5
S5609.6
605.0
64S.7
651.7
T34.9
7719.3
825.0
871.9
920.1
9695

1020

1072

LLzs
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SKZX
961.7
250.8
L19.3
73.58
52.80
42.01
36.07
32.34
3l.24
30.84
3l.24
32.28
33.86
35.51
38,39
41.29
44456
4B8.22
52.25
56566
bl.48
60658
72.10
77.98
R4.22
90.83
GTanl
L05.1
112.8
120.9
129.3
138.1
t47.2
156.6
lob b
176.0
187.1
198.0
209.2
220.7
232.56
244.8
257.3
210.2
28344
267.0
310.8
325.0
339.6
3%4.4
36%9.6

Skl

lebtubbrU5-3.2680F+05

ie2rf
IY-1.33
t0l.>
25045
L70,2
Li«.?
35.493
69485
6J el
Su495
51 b
Buess
49.97
SU.4n
5le02
533 .34
Soeb4
23.10
6lalts
69 .02
LY. V]
Te.21
To.2l
9lall
b ey
9Ll 16
95453
102.3
10b.3
1l4ab
121.9
7.7
134,17
l41.9
Le9, 4
Lh7.¢
loo.l
L73.4
ldl.d8
190.>
L9Y.h
2.6
2la.U
2277
237.¢6
2u a7
298. 1
26b.0
279.%
290.>

SKZT

SKTX
-2737

-241023E+04 -687.4

=41342
-14E5
~H38.6
-333.4
-196.4
-iZ26.1
-B5,.64
-63.83
-43.76
-3l.23
=-21.33
-12.986
-5.507
Lesas7
B34
15.14
22410
29.31
3o.H63
44.73
531,C3
6l.78
TiaCl
Bu.T1
50.%3
lul.7
LL2.9
1247
137.0
l49.8
163.7
L771.1
191.5
2J6.5
222.0
£38.0
254 400
271 .6
249.2
3UT.e
1260
Iu5.2
364 .8
345.0
2US T
wlbhe9
448 .6
470.R
493 .6

=307.2
-173.6
-l1t.2
=-T76.75
-55.29
=40 .40
-29.01
=19.40
=10.5¢
-1.855
T.148
le.75
27.18
33.62
21.1%
€5.00
80.11
Q& .60¢
114.6
134.1
155.1
177.6
201.7
2273
254.6
283.4
3138
345.8
379.4
414.5
451.2
4695
525.3
570.7
6l13.6
656.0
703.9
751.3
800.3
as0.7
902.6
955.9
©ololl
1067
1125
1184
1245
1307
1370

05.56.50.

SKTZ

SKTT,D

~3.26R0F+C5 9.3156E+05
-2, 10236304 5.T7963E+04

=434]
- 1454
-&37.7
=332.0
-154.3
=123.2
-82.10
=55%.80
~37.30
-23.06
-11.19
~+5587
9.4G2
15.136
2G.43
36,80
50. 623
62.0%
Ta.0f
HE. 81
100.3
Ll%d
129.5
145.4
1£€2.0
179.5
167.8
216.9
236.8
?57.&
219.2
301.7
325.0
349,
374.0
399.7
4269
493.7
481.8
510.8
540.6
571.2
602.¢
h34.8
6LT .7
701.%
736.0
i71.3
HCT.4

1.1340E+#04
3533
14148
568.0
35246
203.6
127.5
BRT.12
tb.14
56.77
55.10
59.09
67.62
80,10
S6.20
115.7
138.6
164 .8
194.3
22741
263.2
302.5
145.2
391.1
440.3
492.8
548.6
607.6
669.8
135.2
807%.9
875.6
950.5
1029
1110
1164
1281
1371
l4b4
1561
16¢0
1762
Lae67
19795
20R5
2199
2116
2435
2557

SKTT,TL
2731
260.9
252.2
107.1
125.0
145,48
3169.2
355.5
424.5
45643
451.1
528.8
569.6
6133
6601
710.0
763.0
819.1
870.4
940.7
1006
1075
1147
1222
1300
1381
1466
1553
1644
1738
1835
1935
2039
2146
2255
2368
2485
2604
2727
2852
2981
EPRE
1249
1347
2529
3674
3822
3973
4127
4285
4445



LONGITUDIRAL STABILITY 7F TETHZFRLD EALLLTN

Listing of tape 32 for sample case (eguilibrium tether conditions).-

VELOCITY

50

1.022
2.070
3.039
4. 000
5.030
6.0CU
7.000
8.C00
G.3JV
i0.0Q
11,30
12.00
13.C0
14.00
£, 0
16,00
17,00
16.00
1€.30
20.0C0
21.00
22.00
23.00
24 ,J0
25,00
26,00
27,00
28402
26,00
30.00
31.30
32.00
33.00
34,00
35.30
3¢.00
37,00
J8.00
39.30
40.00
4]1.00
42.33
43.00
44,00
45.02
46400
47.00
4B.00
46,30
50.00
51.30

XL
%L 3
1.943
4.3
7.214
loas®
ldecrs
1sa2&
21.95
239
2tab2
3leis

7
EE

3f.54
37.¢67
34,25
Gde )
41.79
dleal
43.70
fL.40
45.1¢€
43.75
4t.2H
4e.a75
47.17
47.2%
47.96
4t.ls
48443
4l.e G
43.%1
44%.12
46439
P
44403
4% 17
4% .9C
52,04
£Ed.13
50ec%
S53.33
Fle% 2
5C.51
.00
S5U.60
5C.73
50.79
SQ.H3
5Ge9 1
20.%0
£1.01

TETHER? CONOITITMS

21
sl.N2
604 50
0453
50.21
55.92
59.02
57.83
fe,33
w.7c
53.10
51.41
45.77
“B.21
4Ge 77
43 ed+
44,22
43.12
42.13
l.23
40,42
16. 64
394903
35.43
37.84
37+40
38.65
36455
EL-TNE-N
33.64
15.53
35.246
34.58
34.7¢
3e.52
34.31
34.12
33,95
33,78
33.63
33.49
33.35
33.2%
33.11
33,01
32.50
32.91
32.72
12.e3
32.55
32.48
32.40

UANMD
89.19
85,82
83.08
TR.?28
712.78
66.58
hla.25
T5.83
SleC4
4e ed]
+3.19
40418
37.53
35.36
331,54
32.C0
37.70
2¢ .80
25.¢6
21.495%
27.16
26 .33
20.C3
23.587
25.1¢
24.80
24%e59
24.20
23.6%
23.72
23.52
23.133
2317
23.C1
22.87
22.1F
22.¢3
22452
22042
22433
22.25
22.17
22410
22.C3
21.67
21.01
2l1.85
21.80
21.75
21.71
2187

LFC BALLCCON=FebE~Ehue CONFICURATITN 117207172

™"
ela31
62,77
Eu. 78
67.40
T0.85
T4.87
76.55
54,51
GC.Go
GT7.%9
105.1
113.2
122.1
131.6
141.5
152.3
lt4.0
177.1
193.3
204.2
218.¢
234.4
250.5%
26T, 4
285.1
3013.5
322.6
342.5
3&3.1
384.5
40é.¢
429.5
453,0
47743
502.4
524.2
554,7
562.0
610.0
0367
868.2
658, 4
729.3
701.0
793, 4%
826.5
860.3
B94.9
930.3
9¢b.3

1993

GAML
49 .02
89 .30
88 .10
847 .03
B6.ul
34 J40
8.l
Gl +04
T.21
77,40
75.53
7373
T 40w
Td.34
66.77
67 .30
5.7l
b4 .02
EERYL Y
6231
6l .28
60433
59 .40
PRy
5T.%0
ST.cl
55.57
594948
55443
S+.Y9¢
S4.43
54 .02
53.61
53.23
52 .08
52«50
52425
5lavo
51 .09
Slais
51.21
5499
50.70
5Ja3b
S5¢desd
SUe2a
Su LU0
49 .91
4%.70
49 .02
47 2t

T1
d2.43
di.ba
43.£5
88.24
Gl.40
9ha11
$%.38
16443
1u9.7
118.9
122.8
130.3
138.¢
147.7
157.5
le8.]
179.4
191.5
204 .4
2iB8.l
2325
247.7
263.7
230.4
297 .9
3i6a?
335.2
3154 .9
375.4
396,7
418.7
+4L .5
45445
489.2
514.2
539.9
5306 .4
5G3.€
52145
650.2
679.4
Tug .8
T4Te7
772.3
B804, ¢
937.7
371.6
306.1
341 .4
YT77.5

LO14

CAB DRAG
1.0104E-0D2
4,0413E-02
9.0940E-02

1617
«232¢%
-3638
4951
20457
3185
1.0l¢
1.223
1.455
1.708
1.980
2.273
2.587
2.920
3.274
3,649
4.042
4,456
4,891
5345
5.820
©.315
5.831
T.366
T.922
8.498
F.094
S.710
10.35
L1.00
L1.6%
[2.3R
[3.10
13.83
[4.59
15.37
I16.17
16.99
[7.82
18.068
19.56
20446
21.38
22.32
23,28
2% .26
25.26
26.28

C%.56.50.



Listing of tape 33 for sample case {uncoupled characteristic roots).-

LONGITUDINAL STABILITY OF TETHERED BALLOON -

YEL

1.000

2,000

3.000

4.000

5.020

£.000

7.000

8.000

9.000

10.00

lL.Q0

12.00

13.00

l4.00

15.00

16.00

17.00

[8.00

19.0C

20.00

21.00

22.00

23.00

24.00

25.00

UNCOUPLED kOOTS

RLXL
IMxl

~1.3015E-02
6839

=2.9%93E-02
515

=3.,8933e-02
- 7C43

-5.13€3E-02
1227

-6.4TGSE-32
.7472

=71.774%E5-02
7787

=9.07TL5E-C2
«61175

-.1037
«B642

~=11&7
-%187

-.1297
9608

=.ba27
1.050

-.15857
L.125

-.1687
l1.207

-.1l8l7
1.255

—.1947
1. 338

- 2077
1. 485

-.2201
l.5d6

-e2317
1.692

=a24eT
1.8¢0

—«2597
1.%912

-.2727
2.026

-.2857
2.143

-.2G8e
2.2¢62

—+3116
2.383

~e3246
2.3506

RLX2 RLZ1 RLZ2
Mx2 NI IM22
—1.30156-02 =4.3199FE-02 =4.3199E~D2
~.6839 54.13 -54,13
-2.5993E=~02 -8.5952E~02 ~B.5952E~02
~.6915 13.96 ~13.96
-3.8935E-02 =.12B4 -.1284
~.7043 6.516 -6.516
~5.1863E-02 ~-.1710 -J1710
~.7227 3.913 -3.913
-6.47S9E=02 -.2128 -.21338
- 7472 2.713 -2.713
~T7.7749E~02 =.2572 -.25172
-.7787 2.066 -2.060
-9.07156~02 =-,301Q -.3010
-.8175 1.682 ~1.682
-.1037 -.3451 -+3451
- 8642 1.438 -~1.438
~.11867 -.389% -43895
-.9187 1,275 -1.275
-.12%7 -.433% -.4339
-.3806 1.162 -1.162
-.1427 -.4785 -.4785
-1.050 1.081 -1.081
-.1557 -.5231 -.5231
-1.125 1.022 -1.022
-. 1667 -.56718 -.5678
-l.207 L9783 -.5783
-.1817 -.6124 -.6124
-1.295 .946] — G461
—.1947 -.6571 -.6571
-1.388 .9223 -.9223
-:2017 -.7017T -.7017
-1.485 .6052 -.9052
-.2207 -~ 7463 -.7463
-l.986 .893¢ -.8936
-.2137 ~. 7909 -+ 7909
-1.6092 .B8BB4 ~.BB864
- 2467 ~«.B355 -«B355
-1.800 8829 -.8829
-.2597 ~.8801 -.8801
-1.512 .8828 -.8828
-.2721 ~.5246 ~+9246
-2.026 .8854 -.3854
-.2357 -.96582 - 9692
-2.143 . 8907 - 48507
-.29B¢ -L.014 -1.014
-2.262 .898L -.8981
—43116 -1.058 -1.058
-2.383 L9076 -.9078
-.3246 -1.193 -1.193
-2.506 .9189 -.9189

LRC BALLOON-REFERENCE CONF IGURATION 11/2Q0/72

RLT1
IMTL

-«l166
73.82

--2337
18.47

=.3504%
8.2567

~s+4673
4,757

~BBa2
3.190

-.7013
24285

-.8186
1.920

—+9359
lL<b44a

-1.053
1eaaT

-1.171
L.294

-l.288
1.160

—ls4D0
1.033

-i.223
.90138

=leonl
« 7506

-Ll«758
+3816

~-1.875
32717

=Lab43
-l.518
0.

-l.40606
[V

=1l.445
O«

=l.443
Q.

~L.453
Oa

-l.472
Ja

-l«49b
T

-l530
Je

RLT2
(72

=+1169
-73.82

-.2337
~18.47

-.3504
-B.267

—«4673
—%.757

=.5842
=3.1%0

-.7013
=2.385

-.816&
-1.928

~«%359
-1 +64%

-1.053
=1l.447

=1.171
=1.294

~1.288
~1.160

-1.406
-1.033

~1.523
~.9018

=1l.64]
-. 7566

-1.758
~+5Bl6

-1.875
-.3277

=2.342
-2.703
Q.

-2.990
0.

-3.245
0.

-3,483
~-3.1708
Q.

~-3.5213
0.

-4,132
0.

~4.2334

09.56.50.
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26.00

27.00

28.00

29.00

30.00

31.00

32.00

33.00

34.00

35.00

36.00

37.00

38.00

39.00

40.00

41.00

42.00

43.J0

b4.00

45.00

45.00

47.00

48.00

45.00

50.0C

51.300

- 23376
~-2.€29

-.350¢
=2.755

-.3636
-2.881

—«376%
-3.008

-.28%0
=-3.13¢

=402t
~-3,265

~e%150
- 3.394

~ 4286
-3.524

-.441h
-3.t54
~.454¢
-3,785

~ 4L TH
-3.5186

-«48C8
-4.0647

- +4936
=4.175

-+ 3066
-4.310

—.519¢
=4.u4l

-+5326
~4.573

- +5455
-4.70%

—45585
=4.d336

-s5718
=4.G68

—+5645
=5.10C

-a535%75
=-5.231

-.€105
=5.3¢3

—.£23z
= 5.455

—.53€5
-5.626

- 6455
=5.758

-.6t25
-5,889

-1.147
«93138

-l.192
« 9462

=-1.236
« 9619

=-1.261
.578%

-1.325
<9949

-1.370
[.016

-l.414%4
1.036

-1.458
1.057

-i.503
[.078

~1.547
1.100

-1.592
1.123

~1e636
Lal47

~l.681

[.170

-lL.725
I.1%5

~1.766
1.21%9

-l.814
‘la245

-1.458
1.270

-1.902
1.29¢

-1.947
1.322

-1.951
1.348

-2.036
1.37¢

~2.08C
1.401

-2.124
la42d

-241069
l.456

=2.212
1.483

~2.258
l.510

-1.147
—-.9318

-1.1%92
-. 3462

=-1.236
-.9619

~1.261
-.5789

=1.325
-.9569

-1.370
-1.016

=l.41l4
-1.036

-L.438
-1.057

-1.503
-1.078

-1.547
-1.100

-1.592
-1.123

-1.636
~lals7

-l.681
~1l.170

-1.725
-1.19%

-1.769
-1.21%

~l.81%
~1l.245

-1.853
—-1.270

-1.502
-l.2%96

-1.947
=1l.322

—1.991
=1.3a44d

-2.036
-1.375

-2.080
=1.401

~2.124
-l.424

-2.16%9
~l.456

-2.213
-1.483

-2.258
-l1.510

-L.567
U.

-l.t08
0.

=-l.652
0.

=1l.09%
Ua

~leTa9
0.

=1l.801
O.

=l.655
.

=l.9l1l
da

=l.v6%
Ue

-c.027
O

=2.0G87
0.

—Lawdd
Je

=2etrbod
Q.

—2.53%
G.

—¢t00
Q.

—2.667
v

~24735
[

-2.002
(]9

—2.bT71
0.

~2.93%
Ve

-2.008

=-3.077
Je

—4,532
~4+726
0.

-4.917
0.

-5.105
0.

-5.290
[+1)

=-5.472
0.

=-5.6513
0.

-5.832
Q.

-6 .009
0.

=€ .185
Q.

=-5.360
0.

=4.534
0.

~6.706
—-¢.4a78
~7.C49
-T.21

0. -

-7.388
0.

-7.557
0.

-7.725
0.

-7.893
0.

-8,040
0.

-3.227
0.

-8.394



LATERAL STABILITY PROGRAM

The main program for fhe lateral stability program is the same as for the main pro-
gram for the longitudinal stability program with the exception of the formats for laheling.
In this case, however, rows 1, 2, and 3 of the matrices A, B, and C correspond to the
coefficients of the y-, ¢-, and Y -equations, respectively, The general organization of
subroutine INICOEF with entry point VCOEF is also similar to the organization of the
longitudinal program. The only lateral tether spring is in the y-direction of the earth-
axis system at the tether point (ref. 2) which is calculated in function subroutine YSUBY.
The related springs about the balloon center of mass are then calculated from the
y-spring. The FORTRAN variable names for the tether springs and their definitions are:

FORTRAN Mathematical
variable name symbol Definition
SKPP k b spring constant for roll displacement
SKPS k v rolling moment due to yawing displacement
SKPY kqby rolling moment due to y-displacement
SKSP kLU ® yvawing moment due to rolling displacement
SKSY ky,}y yawing moment due to y-displacement
SKSS kxf/z,b spring constant for yaw displacement
SKYP ky¢, y-~force due to roll displacement
SKYS kyl.’/ y-force due to yaw displacement
SKYY | kyy spring constant for y-digplacement

Trim or equilibrium conditions are calculated by the same procedures and sub-
routines as used in the longitudinal program. The lateral stability derivatives are defined
about the reference point by user-written function subprograms and are transferred to the
center of mass. The variable names for the derivatives about the center of mass are as
follows:
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FORTRAN Mathematical

variable name symbol Definition
CLB Oy 5C; o8
/ fe

CLBD C, aC, /o=
L8 t/"av

pe

CLP C aC, [a:—
Zp l/ W

[ ré

CLR cr, 5C; /a o
CNB Cng aCp [a8
! ge

CNBD Cn - aCy, fat=

i n/o3v

CNP Cp 50 1o PE

P n/=av

l -

i LC

CNR Cn, 9Cn 25
CYB Cyg aCy/ap

/e

CYBD Cys 8Cy /o LS

B /7 2V

CYR Cy 2Cy /oEE

T {2V

/'l pc

cCYp CYP BCY/; a 5V

The limitations and diagnostics for the lateral program are essentially those given
for the longitudinal program. In addition, the body reference axis for o4 =6=0 |is
assumed to be the principal axis for which Ixz = 0 (where I;, is product of inertia).
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Lateral Equations of Motion

The equations of lateral motion written about the center of mass are (see ref. 9):

z-force
. pVS .k pVSE k ¢ pv SC'L\
-5—Cy y+ﬂy-4 cYP 4 |y ——0
my “f° My \ y My
st Cv +C
pVSE P Y D W
+ [my Cyg - cyrﬂ W+ (2mﬁy ) Vy v=0 (19)

Roliing moment

-2 k. gc2
_pSc ¥ pV Py pVSc .
I, Cigy- Czﬁ v+ oYY é - —q]X—Czp ¢

k¢¢ + hgoTq sin yy + Mgy Ly -
+ ¢ - ==
I Ix

2s(¢C; , - hi,Cp)
pVSz2 1 Koy PV (c g~ kD))
li 4T, (CLB Clr/ I, 2l ¥=0 (20)

Yawing moment

=2 k / . =2
pSE Co: § pVSe cy vy L, 5 - pVSE2

gL, Cng ¥ -3 Cng ¥ 2 0T, T, " ®
K4 + Mg, - h,Tq sin 2
Yo F Vs kg1 SNy =+ |pVSE NF
+ T P+ Y+ 3, \Cn Cnr)' v

q
Ky PstKCCnﬁ + hk1CD/, v=0

I, T 21,

(21)

The definition of Ms; is given by equation (6), Ms, by equation (9), and

Ix = Ixx coszat + Iyz sinzat
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Iz =1;p coszat + Iyx sinzat
Iy, = -——5— sin 204 = (Ixx - Ipz)sin o cos ay

The tether derivatives about the center of gravity are

kye = -hkoKyy (22a)
kyy = hkqkyy (220)
K., =h Kk (22d)
$¢ = “Kotyy
Koy =Ky (22e)
kyy =Koy, (221)
Ky = -hy by Koy (22g)
Kk, =h2 k (22h)
LA WA

and hgy and hk, are given by equations (8).
The spring constant kyy is based on the analysis of reference 2 and is given by
- 1/2
n('rl sinzyl + 2p cos 71) /
Kyy = (23)
Yy y
S‘ 1 7(y) dy
Yo sinZy + 2D cos ¥

The above expression is evaluated by function subprogram YSUBY which calls subroutine
ROMBERG to evaluate the integral numerically.

The lateral stability derivatives are also given about the reference point and are
transferred to the center of mass by the following relations:
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Xt
Cnr = CnI‘,R - Ef\CY ,R + 2CnB)
X ZZt
Cnp=Cnp R "3 CYpR* 7 Cng

_ Zt 2xt
0 = Sl r* TR T g

Input Required for Lateral Stability Program

The user-written function subprograms FCD, FCL, and FCMR for the longitudinal
static aerodynamic coefficients as described for the longitudinal program are also
recuired for the lateral stability program as the lateral program also calculates longi-
tudinal trim conditions. In addition, the 12 lateral stability derivatives for the configura-
tion are described as user-written function subroutines with trim angle of attack as a
formal parameter. Each function is written about the reference point and is transferred
to the center of mass by DERTRN, It might also be noted that the definitions of the lateral
derivatives are conventional (ref, 11) except that they are based on the reference length ¢
and the reference area S.
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For each case, cne card of 80 characters of case identification is read in ar. 8A10
format, and a namelist called LATDATA is read. The FORTRAN variable names, their
equivalent mathematical symbols, and their definitions are listed in the NAMELIST which
is also the order for printing. All variables are preset in the program with DATA state-
ments to values for the reference configuration of the LRC balloon and only changes need
to be read with the NAMELIST.

FORTRAN Mathematical )
variable name symbol Definition

CDINS CDins constant increment of Cp (allows for Cp o: instru-
ment package of balloon)

DELCD ACp

DELCL ACL constant in.crements in coefficients about center of
mass which are used for parametric studies

DELCM ACH

DELCLB ACy BWl

DELCLBD AC; 3

DELCLP ACgp

DELCLR AClr |

DELCNB ACng '

DELCNBD Aan constant increments in lateral stability derivatives
about center of mass which are used for parametric

DELCNP ACnp studies

DELCNR ACnr

DELCYB ACYB ‘

DELCYBD ACYB |

DELCYP } ACYp

DELCYR aCy, )
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FORTRAN Mathematical
variable name symbol
RATIOKY
S S
CBAR c
XX0I I«
ZZ0OI Iz5
TMASS m
AYMASS My g
WTS Wq
BUOY B
SHR hgy

Definition

factor multiplying calculated y-spring, kyy (SKYY);
used for parametric studies

reference area, {(Volume of balloon)z/ 3

reference length, balloon body length used here

rolling inertia about axis through balloon center of
mass parallel to body reference X-axis including
aerodynamic apparent inertia, ¢ =0

yawing inertia about axis through balloon center of
mass parallel to body reference Z-axis including
aerodynamic apparent inertia, ;=0

mass of balloon structure and contained gas

aerodynamic apparent mass in body-reference y-axis
direction, w4 =0

structural weight of balloon

net buoyancy force

component of distance from reference point to center
of buoyancy, positive for center of buoyancy below
reference point (see fig, 2)

component of distance from reference point to center
of buoyancy, positive for center of buoyancy forward
of reference point (see fig. 2)

component of distance from reference point to center

of mass of balloon structure, positive for center of
mass below reference point (see fig. 2)
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FORTRAN Mathematical

variable name symbol Definition

SLR lsr component of distance from reference point to center
of mass gravity of balloon structure, positive for
center of mass aft of reference point (see fig. 2)

CGH hCg component of distance from reference point to center
of mass, positive for center of mass below reference
point (see fig. 2)

CGL lcg component of distance from reference point to center
of mass, positive for center of mass forward of reif-
erence point (see fig, 2)

TLR Lr component of distance from reference point to attach-
ment point of tether line, positive for attachraent
point forward of reference point (see fig. 2}

TTR tir component of distance from reference point to attach-
ment point of tether line, positive for attachrment
point below reference point (see fig. 2)

CLC le length of tether cable

CDIAM de diameter of tether cable

CDC CD. drag coefficient of tether cable based on diameter, i.e.,
drag of cable per unit length is chdcpvz/z

wC Wo weight per unit length of tether cable

RHO p ambient air density

VMIN Vmin minimum wind velocity

DELYV AV wind-velocity increment

NVEL number of velocity calculations
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Listing of Input Data Cards for Sample Case

rrwrwnnterkeruarprnrannnswpnawed COLUMN NUMBER woaworwdathdhd A ddh kb ady
00000000011111111112222222222333333333344404L445445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123L56789012345678901234567850

LATERAL STABILITY OF TETHERED BALLOON - LRC BALLOON - REFERENCE CONFIGURATION
SLATDATA VMIN=sl., NVEL=51, DELV=l.$
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Listing of Lateral Stability Program

UVERLAY(STBLTY2,0,0)
PROGRAM STBLTY2(INPUT=1,0UTPUT=1,TAPES=INPUT.TAPET,TAPES=1,
+ TAPEL1l=1,TAPE30=1+TAPE31=1,TAPE32=1,TAPE33=1])
CREFEARE ISR LA R R R TR E R R KA RN R E R R TR AR R R R F R AT AR L XY

C* *
C* PROGRAM A2B8¢4.2 — LATERAL STABILITY OF TETHERED BALLOON x
C* - *
C* THE FOLLCWING SUBRGUTINES ARE CALLED BY THIS PROGRAM, BUT ARE LISTED =*
cx CNLY wITh THE tLCONGITUDINAL PROGRAM — ROMBERGy QUADET, MATRIX, *
Cx REIG, HESSENy AND OQRT. *
C*% . *
C* PROGRAM REACS IDENTIFICATION CARD AND NAMELIST FROM INPUT FILE, AND
C* WRITES ONLY THE ID ARRAY FOR EACH CASE ON THE DUTPUT FILE %
C* ALL FILES ARE BCC AND ARE SET TN MINIMUM BUFFER S1Zf, EXCEPT TAPET7 *
Cx= WHICF IS BINARY AND USES STANCAROD BUFFER SIZE %*
C* FILE ASSIGNMENTS ARE - TAPET7=PLOTTING PRUGRAM INPUT, TAPEB=EIGEN- *
c* VECTCRS, TAPELL1=EIGENVALUES, TAPE3Q=AEROUOYNAMIC COEFFICIENTS, *
C* TAPE31=TETHER SPRINGS,s TAPE3I2=TETHER CONDITIONS, AND TAPE33= L
Lx UNCDUPLED RDOTS *
Cx -
S ST R T R P L F s gy I T I I

CCMMCN/IROn/IRCGRI(300)/ICOL/ICCLI300)

DIMENSION A(3,3),B{3,3),C(3,3),SYMBOLI(11),ID{1D)
DIMENSICN EIDET(6+6)14SAVE(6,T1,ROOTRI&),RA0OTI{ &), INDEXI6)
+ JIRUN(G),P(6]),IPIVI3},INDX(3,2)

CCMPLEX EICOEF(3,3)sCROT»CRTSQ,CDET

DATA SYMBOL/110KCIRCLE SQUARE DIAMOND TRIANGLE RT TRNGL
+QUACKANT DOG HCUSE FAN LNG DMND HOUSE /
DAT A RADEG) DELV,NVELVMIN/.017453292519943290y +5)104%++5/ ST UNITS

108 FORMAT(1H1////X10AL10//77)

107 FOFMAT(12X8513.5)

106 FORMAT(/* VELOCITY=%#(13.5,2XA10)

105 FORMAT(50X*EIGENVECTORS®//14X*COMPLEX ROOT-REAL,IMAG¥5X A
+ *Y/PSIe M/DEG-REAL »IMAG#*3X%PHI/PSI,DEG/DEG~REALy IMAG*6X SI UNITS
+ *PST,DEG~REAL, IMAG*/)

104 FORMAT(8X,A10,6Gl6.6)

103 FORMAT({/2XTGl6.56)

102 FORMAT{/* CONDITION NUMBER OF EIGEN/ALUE MATRIX=%E10.2/}

101 FORMAT (/¥ CONDITION NUMBER OF A-MATRIX=%£10.2/)

100 FORMAT(//* VELUCITY,{REAL{RGOT(I})s[=L,NPIS)*/* SYMBTLy (IMAG{RIDT(
+Lh )y 1=1yNPUS) %/ )

All= GH(X10AL0) $ AlO= ¢eH{8A10)

C
c INITIALTZATICN SECTION ~ READ IDENTIFICATION CARD, CALL DAYTIM FUR
C DATE AND TIME, AND WRITE ID ARRAY ON BCD TAPES 8+11430+31+32+33,
c AND BINARY TAPE 7 WITH RECOUT. OO NCN-VELOCITY-DEPENDENT
c CALCULATIONS wlTH A CALL TO INICODEF
C SEE SUBRUOUTINE WRITEUP FOR DESCRIPTION OUF RECOUT
c
NMP=3 $ NTWC=MNMF+NMP $ NPL1=NTWO+1
REWIND 30 3 REwWIND 31 $ REWIND 322 s REWIND 33
REWIND 7 $ REWIND B8 & REWIND 11
1 READ AlO,{IC{1),i=1,8) § IF{EUF;S’Qgng
2 CALL CAYTIM(IC(9)} % PRINTY All,ID & WRITE(Ll,1C8)ID
WRITE(30,108}11ID $ WRITE(31,108}I0 & WRITE(32,108B}ID
WRITE[B,+,108)ID0 $ WRITE(8,103) $ WRITE(33,108]I0
CALL RECOUTI(7,42+0,10,1+10,11}
CALL INICOEF(Ay BeCoeNMPVEL »VYMIN)DELVyNVEL) % WRITE(11,1001)
CALL RECCUT(TsleQsNVEL)
c
C 90-LCOF [S VELGCITY varRIATICN LQOP
c

00 90 Iv=1,NVEL & VEL=VMIN+{IV-1.)#DELYV



QOO0 s kaXaXel

QOO0

OO0

OO0 OO0

OO0OO6

SET UP CGEFFICIENT MATRICES FOR QUADRATIC STABILITY DETERMINANT
WITH CALL TO ENTRY VCUEF OF SUBROUTINE INICOEF

CALL VCOEF(A,EyC+NMP,VEL VMIN,DELY, NVEL}

EXPAND CUADRATIC N X N STABILITY DEYERMINANT INTO 2N X 2N STANDARD
EIGENVALUE FDRM AND CHECK CONDITIONING GF MASS MATRIX A

CALL QUADET{A,B+Cy 3+ 6,NMP,10,EIDET,CNDA)
IF{UNCAGTo1l.E+4IWRITE(LL14101)CNDA

EIGENVALUES FOR 2N SYSTEM ANO CHECK CONDITIONING OF 2N X 2N MATEIX
wITH CALL TO MATRIX FOR INVERSE ANO TURING CONDITION NUMBER

CALL REIG(EIDET+NTWO+NTWO0yRU0OTRy»ROOTI+EIVECY €+ INDEX) IRUN,P,
+ NPL1,SAVE]

CALL MATRIX{1OsNTWONTWO,0+EIDET,y 6,DETEI,KB,CNOEI)

TFCCNGET aGT o1 E+6)WRITE(LL4102)CNOET

ROCT SORTING — SCRT COMPLEX ROOTS IN ORDER OF INCREASING MAGNITUDE OF
FREQUENCY AND CETERMINE THE NUMBER Df COMPLEX ROOTS WITH POSITIVE
VALUE OF FREQUENCY ( IMAGINARY PAKT)

NEGR=1 $ DG 50 NRT=1NTWO $ NI=NTWO-NRT % DO 48 J=1,NI
IF{RCOTI (J)-ROOTI(J+1))48:+46446

46 TRI=ROOTI{J} $ TRR=RDOTR(J) $ RODTI(J}=RUATI{J+1)
RCOTR{J)I=ROOTR{ J*1) & ROOTI(J+1)=TRI ¢ ROOTR(J+1)=TKR

43 CONTINUE

50 CUNTINUE ¢ 00 52 NR=1,NTWO
IF{RCUTI{NRY«LTWw=1.E-12INEGR=NEGR*]

52 CCNTINUE

wWRITE RCOTS uN TAPE 11

IKI=I¥/10 $& 1IK2=1l1 $ [IF{IV.EQ.10%[K1l) IK2=1+#MOD(IK]1-1,10)
WRITE{11,103)VELs{RGATR(N) ,N=NEGR,NTWO)
WRITE(114104)SYMBOLC(IX2),{ROOTIIN] ¢ N=NEGR,NTWD)

ARITE RESULYS LN BINARY TAPE 7 FOR INPUT TO PLOTTING PROGRAMS

CALL RECOUT[Ts140+VEL, [K2yNEGRyNTWO}
CALL RECOUT(7+2:,0,ROUTR NEGRyNTHG+1
CALL RECOUT(742,0+RO0TTI,NEGR NTWO,1)

SETUP COEFFICIENT MATRIZES FOR EIGENVECTOR (MODAL RATIOS) BY
CIVICING BY PSI AND CALLING CXINV — RESULTS JON TAPES

WRITE(B8,106)VEL,SYMBOL{IKZ)
DO 7C NE=NEGR NTWD % CROT=CMPLX{KOOTRINE},RODTI(NE))
CRTSC=CROT*CROT $ DO 60 IC=1,2 & DD 60 IR=1,3

60 EICCEFUIC,IR)I=A{IC,IR)=CATSQ+B{IC,IR) *CROT+C(IC,1IR)
DO €4 I=1.2

64 EICOEFII 43)=—RAQEG*EICQEF (1,3}
CALL CXINVI{EICOEF,2,EICOEF{L1,3),1,COET,IPIV,sINDXs3,15C}
EICOEF{343)=(1l.,40.)

TO WRITE(B,107)ICROTL(EICOEFII,3),1=1,3}

90 CONTINUE $ GO TC 1

999 ENDFILE 7 5 REWIND 7 3 ENOFILE 8 £ REWIND 8 & REWIND 11
REWIND 20 & REWIND 21 $ REWIND 232 & REWIND 33
END PROGRAM STBLTY2
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SUBROUTINE INICOEF{A¢3,CyNMAX,VELsVMINDELV,NVEL)

SUBROUTINE CALCULATES COEFFICIENT MATRICES FUR QUADRATIC STASILITY
DETERMINANT -

EQUIVALENCECEQURT( L) +UNCRTI(L1}}
UDIMENSION A{NMAXyLl),BINMAX+1),CINMAX,1},EQURT(1)
COMPLEX UNCRT{6)4CRADyCSQRT

INPUT PARAMETERS AKRE READ FROM THE INPUT FILE wWITH A NAMELIST READ
UF THE NAMELIST LATDATA AND ARE WRITTEN UN TAPE 11 WITH A NAMELIST
WRITE STATEMENT

NAMELIST/LATCATA/CDINS yDELCD,DELCLyDELCHM, DELCLB,DELCLBD,DELCLP,
+ DELCLR,DELCNB,DELCNBD,DELCNP)DELCNRy DELCYB+DELCYBDyDELCYP;DELZYR,
+ RATICKY Sy CBAR $XXO1,2Z01,,THASSsAYMASSyWTSBUDY ,BHR 4BLR,SHR+SLR,
+ CORyCGLyTLRyTTR«CLC+COTAMyCCCyWC s RHUPVMIN, DELVINVEL
COMMCN/LONGDLC/CDINS,DELCD4DELGL,DELCHM

PARAMETERS FOR LRC BALLUOON - REFERENCE CONFIGURATION - IN SI UNITS

DATA (DINS,UELCO,DELCL,DELCM, OELCLByDELCLBDyDELCLP,DELCLRyDELINB,
+ DELCNBD,DELCNP,DELCNR,DELCYB,DELCYBD,DELCYP,DELCYR/.01,15%0./
CATA DEGRAD/S57.2957795130823/,RATIOKY/1./

DATA S)CBARyXXO0I1,2201/7e04s72b%y16.1y164.7

DATA TMASS,AYMASS,hTS+8U0Y/14e2:23¢9¢1082190./

CATA BHRsBLRySLRyTLRyTTR/0ev2el5y=abb6y3.44,3.82/7

DATA SHR+CGHyCGL/ 389410941410/

DATA CLC+COIAM,CDCyWC/61a9a014),y1.17y.343/

DATA RHO/1.225/

VELOCITY INOEPENDENT CALCULATICNS

WRITE{(30,101} $ WRITE(31,102) ¢ WRITE(32,103) $ WRITE(33,134}
REAC LATCATA 3 WRITE(11,LATDATAI}

SL=SLR+{GL & SH=SHR-CGH § BL=BLR-CGL

FL=TLR-CGL ¢ TT=TTR-CGH $ BH={GH-BHR

CBAR2=.5%(BAR $ ROSC2=RHO*S*CBARZ § ROSCS4=CBARZ%ROSC2
Allyl)i=A029y2)=A{3,3)=1. $ A(1,2)=4(1,3)=0. % RETURN

ENTRY FCINT VvCOEF FOR VELGCITY-DEPENDENT CALCULATIONS

ENTFY VCOEF
W=+ 5*RHO*VEL*VEL 5 VCON=.,5%¢VEL*ROSC2

TRIM ANGLE OF ATTACK AND AERODYNAMIC COEFFICIENTS ABOUT THE CENTER
OF MASS

CALL TRIMIS,;CRARIWTS,BUOY yBLyBHsSLsSH,TLsTT,C6H,CGLSQ,y
+ CLsLCM,CDyCLA,CMA, COA,ALPHAXDC,2Z0C+SINA,COSA)
ALPFAD=DEGRAD*ALPHA

TRANSFER DYNAMIC STABILITY DERIVATIVES FROM REFERENCE POINT (MOMENT
CENTER)} TO CENTER OF MASS

CALL DERTRN{XOC,Z0CsALPHA,CLE,CLBDsCLP,CLR:CNBCNBD,CNP CNRCYB,
+ CYBL+LYR.CYP)

S1
51
S1
Sl

S

UNITS
UNITS
UNITS
UNITS
UNITS
UNITS
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INCREMENT LATERAL STABILITY DERIVATIVES FOR TREND STUDIES AND WRITE
AERODYNAMIC COEFFICIENTS ON TAPE 30

CLOC=CLBO+CELLCLBD $ CLP=CLP+DELCLP
CNB=CNB+DELLNB CNBD=CNBC+DELCNBD $ CNP=CNP+DELCNP
CYyB=CYB+DELCYB CYBD=CYBD+DELCYRD $ CYP=CYP+DELCYP
CLR=CLR+DELCLR $ CNR=CNR+DELCNR $ CYR=CYR+DELCYR
WRITE(30,106)VELALPHAD4CD,CL $CLB,CLBD,CLP,CLR,CNB, CNBD!CNP 2CNR ¢

+ CYB,CYBD+CYP,CYR

CLB=CLB#DELLLS

L

CALCULATE EQUILIBRIUM CABLE CONDITIGNS AND WRITE RESULTS ON TAPE 32

DRAG=CD*Q*S $ BLIFT=CL*Q%*5 &% CORAG=CDC*CDIAM*Q
T1=SQRT(DRAG*DRAG+(BLIFT-WTS+BUCY )=*%2}

COSCL=DRAG/T1 & GAM1=ACOS(CCSGL) % TSG1l=T1%SIN{GAML)
CALL TETHER{CDRAG«WC CLL,T1,6AML,TO,GAMO,X1,21)
GAM1D=DEGRAD#CAM1 % GAMOD=DEGRAD*GAMOD
WRITE{32+100)VELyX1+21+GAMOD,TO,GAMLD,T1,CDRAG

CALCULATE WEIGHT-BOUYANCY MOMENT TERM AND MASS TERMS INCLUDING
APPLRENT MASS ROTATION YO STABILITY AXES

HK1=TL*CCSA+TT&5INA $ HK2=TT#C0SA-TL*SINA

RMYT=1e/ (TMASS+AYMASS-.5%ROSC22CYBD)
RIX=1./(XXO1*COSA*COSA+ZZOI*SINA*SINA) $ XZI={(XXOI-ZZOI}*SINA*CDSA
RIZ=1./(Z201*COSA*COSA+XXOI*SINA®SINA)
SM1=({BL*BUOY+SL*WTSI*SINA+{BH*3LUOY+SHENTS)%C0SA
SM2={BL*BUDY+SL*rTS)*COSA- (BH*BUOY+SH*WTS I %SINA

CALCULATE CABLE SPRINGS FRUM DERIVATIVES OF NEUMARK AND TRANSFER TQ
STABILITY AXES — WRITE RESULYS CN TAPE 31

SKYY=RATIOKY*YSLBY {CDRAG.GAMC,y GAML)
SKYP=SKPY==HK2*SKYY $ SKPS=SKSP=HKL#*SKYP
SKYS=SKSY=HK14%S5KYY $ SKPP=—tK2*SKYP $ SKSS=HK1=SKYS
WRITE(214100)IVELSKYY, SKYP¢SKYS+SKPP,SKPS,SKSS

CALCULATE COEFFICIENT MATRICES A 5 By AND C

A{2,1)=—RIX*ROUSCTS4*CLBD $ A(2+3)=-XZI*RIX
A(341)=-RIZ=RCSCS6*CNBD 8 A(3,2i=-X21%R]Z
B(Llsl)=—VCON/CBARZ¥RMYT%=CYB ¢ A(1,2)=—VLONEKRMYT®LYP

BILl +3)=—VCON*RMYTR(CYR~CYBO) $ B(2,11=—2.2VOLCN*RIX=*(CLB
B{Z2+2)==—VCON¥CBAR*RIX*CLP & B(2,3)=—VCON*CBAR*RIX*{CLR-CLBD)
B{3,1)=—2.%VCCNSRIZ*CNB ¢ B{3,2)=-vCON*CBAR®R] Z5CNP
Bl{3,2)==-VCON*CBAR®R[Z* [ (NR=CNRD)}

Cly1)=SKYY®RMYT § C(1+21=RMYTk(SKYP-Q*5%CL)
C(lo3l=RHYT*(SKYS+C*S*(CYB+CDJJ $ Cl2+1)=RIX*3KPY
Cl242)=RIX¥(SKPP+HKZ*TSGL+5M])
Cl233)=RIX®[SKPS+Q¥S*{CBARKCLB-AK2%(D)) & ((3,1)=5KSY*$RIZ
Cl392)=RIL*(SKSP~HKL*¥TSG1+5M2)
Cl343)=RIZ=(SKSS+O*S*(CRBARRCNB+HK1®*CD))

CALCULATE UNCOUPLEC RGOTS BY FACTORING DIAGCNAL QUADRATIC TERMS AND
WRITE RESULTS ON TAPE 33

0O 1 #=143 $ CRAD=.25%B{M,M)*3(M,M)})-C[M,M) $ CRAD=CSQRT{CRADI}
M2=2%M § Ml=M2-1 § UNCRT(Ml)=—=,5%8(M,M)+(RAD

1L UNCRT{M2)=—.5%B{(M,M)-LRAD
WRITE(33,105)VEL(EQURTI(I),1=1411,2),(EQURTI(I) +1=2,12+2} $ RETURN
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100 FORMAT(2X11Gll.4)

101 FORMAT{/20X*¥AERODYNAMIC COEFFICIENTS®//% VELOCITY®S5X®*ALPHAD®9X®CD*
+ GXPCL*BX*CLE*EXFCLBO*BX*CLP*BX*CLR*BX*FCNB*T7TX*CNBD* 8X*CNP*/
+ 30XHCNR*BX*CYBRTXACYBD*AX*CYPxIX*CYR%*/)

102 FORMAT(/20X%TETHER SPRINGS¥/% VELOCITY®TX¥SKYY®TX(SKYPRTXESKYS®TX
+ BSKPP*TX®SKPS®7X*S5KSS*)

103 FORMAT(/20X*TETFER CONDITIONS%/% VELOCITY49XkX1*9X*k2]*TX*GAMO*9X
+ *TO*TX*GAM1*9X*T1%=3X*CAB DRAG¥)
104 FORMAT(/20X*UNCOUPLED RODTS»/7X®VEL#8 X*RLY1*=8X*RLY2*BXKRLP1%8X
+ AR LP2*ZX*RLS1*BA¥RLS2¥/18X* [MYL*BX*[ MYZ*ZX*IMPLHBX*[MP2%BX
+ ¥[MS]1*8X*IMS52% )
105 FORMATI/2XTGl2.47/14X6G1244%)
106 FORMATI/2X11G1]1.4/24X9G11.4)
END SUBROUTINE INICOEF

SUBROUTINE TRIMIS,CBAR+WTSBUDY,»BLyBHSLySHyTL+TT»CGHCGL QY
+ CL ICHICDICLA |CHA'CDA1ALPHA-'F'GISA[CA}

SUBRUUTINE CCMPUTES THE STATIC TRIM ANGLE-OF-ATTACK ALPHA USING
NEWTCN ITERATICN OF ThE TRIM EQCUATIDN

THE ALPHA DEPENDENT DERIVATIVES CDs CDAy CLy CLAy CM, AND CMA ARE
ALSO TRANSFERRED TO THE CENTER OF MASS AND RETURNED

IF CCNVERGENCE IS5 NCGT OBTAENED IN ITCMAX ITERATIONS,; MESSAGE IS
WRITTEN ON TAPE 11 ’

CUMMCN/LGNGDLC/CCINS,DELCD,DELCL,DELCHM
ERR=14.E-¢& $ TLPHA=,05 & 0S=Q#*5 & ITCMAX=100 % ITC=0
D=BUUY*BL+WTS*SL $ E=RUOY*BH+WTS5*S5H
1 ALPHA=TLPHA & CL=FCLIALPHA,CLA) $ CD=FCD(ALPHA,CDA)
CMR=FCMR{ALPHA,CMAR) ¢ CA=COS{ALPHA} § SA=SIN(ALPHA)
AsTL*CA+TT#S5A ¢ B=TT*CA-TL*SA
F={CCL*CA+CGH*SA)/CRAR $ G=(CGH*(A-CGL*SA)/CBAR
CM=CMR—-F*CL4G*CC ¢ CMA=CMAR-F*({CLA+CD}-G*(CL-CDA)
CL=CL+DELCL ¢ CM=CM¥DELCM $ C=BUDY=-WTS+QS*(L
CO=CO+0CELCO+CDINS
FUN=A%(C—-{B*COD+CM*CBAR)} ®QS—D*CA+E*SA
OFUNSD*C +D*SA+E*CA+ (A2 {CLA+CD)-B*CDA-CMA%CRAR) »QS
TLPHA=ALPHA-FUN/DFUN § ITC=ITC+#1 ¢ IF(ITC.GT.ITCMAX)IGO TO 2
IF{ABS{ALPHA=-TLPRA).GT.ERR}]L 4
2 WRITE(11,+3)}ITC,ALPHA,TLPHA
3 FURMATI(/* ITERATIDN FOR TRIM DID NOT CUONVERGE IN*I6% ITERATIUNS.
+ ALPHA=%*(Gl2.6% TALPHA=%XGlZ2.6/)
4 RETURN
END SULBROUTINE TRINM
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FUNCTION FCC(A,CDA)

FCD IS A FUNCTICN TO BE WRITTEN BY THE USER TO CALCULATE CD AND CDA.
AS FUNCTICNS OF ANGLE OF ATTACK FOR THE CUNFIGURATION TO BE ANALYZED

CURVE FIT OF CO AND CDA VS ANGLE OF ATTACK IN RADIANS FOR LRC
BALLCCN — REFERENCE CONFIGURATICN

X=A=.023 8% X5=X*%*5 & [DA=1117.2%X5
FCO=.C48T+13€.2%#X*X5 $ RETLRN $ END
FUNCTION FCL{A,CLA)

FCL IS A FUNCTICN TO BE WRITTEN BY THE USER TO CALCULATE CL AND CLA
AS FUNCTICNS OF ANGLE OF ATTACK FOR THE CONFIGURATION TO BFE ANALYZED

CURVE FIT CF CL AND CLA vS ANGLE OF ATTACK In RADIANS FOR LRC
BALLCCN — REFERENCE CUNFIGURATION

X=A-.(023 $ X2=x%X & CLA=.82=-X2%{]15.069~-557.0%X2}
FCL=X%[,82-X2%[5.023-111.4%x2)] & RETURN & END

FUNCTION FCMR{A,CMAR)

FCMR IS5 A FUNCTION TO B8t WRITTEN BY THE USER TO CALCULATE CMR AND (CMAR

AS FUNCTICNS OF ANGLE OF ATTACK FGR THE CONFIGURATION TO BE ANALYZED

CURVE FIT OF CM ANLC CMA ABGUT REFERENCE POINT VS ANGLE OF ATTACK IN
RADIANS FOR LRC BALLOON - REFERENCE CONFIGURATICN

CMAR=,1435 $ FCMR=-,0106+,1435%4 § RETURN & END

FUNCTICN FCLBOC(A)

FUNCTICAS FCLBOs ETC. ARE FUNCTICNS TO BE WRITTEN 8Y THE USER TO
CALCULATE THE LATERAL STABILITY DERIVATIVES AS FUNCTIONS OF ANGLE
OF ATTACK FOR THE CCNFIGURATION TO BE ANALYZED, FUNCTIONS ARE
REFERENCED ONLY BY SUBROUTINE DERTRN.

FUNCTICNS FCLBGs ETCy GIVE THE LATERAL STABILITY DERIVATIVES VS ANGLE
GF ATTACK IN RADIANS FOR THE LRC BALLOON — REFERENCE CONFIGURATION.

FCLBO=—,1435%SIN(A} $ RETURN §& END

FUNCTION FCLBCOILA)
FCLBCO=0. & RETURN $ END

FUNCTION FCLPO(A)
FCLPC==-.0237 & RETURN $& END

FUNCTION FCLROLA)
FCLRC=—.178*SIN{A) % RETURN $ END

67



OO0 n

FUNCTICN FCNBO(A)
FCNBO==-.1435 $ RETURN $ ENOD

FUNCTION FCNBCO(A)
FCNBDO=.026 ¢ RETURN & END

FUNCTICN FCNPOU(A)
FCNPO=—-,0€41=%5IN{2.%A) $ PETURN & END

FUNCTION FCNRC(A)
FCNRC=—-41859 $ RETURN
END

FUNCTION FCYB(A)
FCYB=-.82 . $ RETURN & END

FUNCTION FCYBCI(A)
FCYBC=-.089 $ RETURN $ ENO

FUNCTICN FCYPOLA)
FCYPU=.494*SIN(A) § RETURN $& END

FUNCTIGN FCYROC(A)
FCYRC=.€85 $ RETURN & END

SUBFOUTINE DERTRN(X,Z,AyCLB,CLBDyCLPyCLRyCNBsCNBD,CMNP,CNR+CYB,
+ CYBD,CYR,CYP)

TRANSFERS ALL 12 LATERAL DERIVATIVES FROM REFERENCE POINT (MOMENT
CENTER) TO CENTER OF MASS LOCATED X/C FORWARD AND Z/C DOWN FROM
REFERENCE POINT

CYB=FCYB{A) $ CYBD=FCYBD(A) § CYPU=FCYPU(A) $ CYRO=FCYRO({A}
CYP=CYPO+2.%Z%CYB $ CYR=CYRO-2.%X%CYS $ CNB=FCNBO(A)-X4CYR
CNBD=FCNBDO( A)~X*CYBD $ CNP=FUNPOLA}-X*CYPO+2.%Z*CNB
CNR=FCNRO(A)-X*(CYRQ4+2 .#CNB) ¢ CLB=FCLBO(A}+2%CYB
CLBO=FCLBDO{A}+Z#CYAD $ CLP=FCLPO{A)+Z%*(CYPO+2.*CLB)
CLR=FCLRO[A)+2%CYRD-2,*X*CLB $ RETURN

END SUBROUTINE DERTRN
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SUBROUTINE TETHER{CDRAGsWC+CLL+T1¢GAMMAL,TOyGAMMAOyX1y21)

SUBROUTINE [S BASED ON THE ANALYSIS IN -

NEUMARK,y S5.— EQUILIBRIUM CONFIGURATIONS OF FLYING CABLES OF
CAPTIVE BALLOONS, AND CABLE DERIVATIVES FOR STABILITY
CALCULATIONS. BRITISH R. AND M. NO. 3333, 196é3.

THE TETFER PARAMETERS CORAGs WCs CL1ly Tl, AND GAMMAL ARE INPUT
THFE TETHER PARAMETERS TO, GAMMAQ, X1, AND Z1 ARE QUTPUT

EXTERNAL FLAM,FSIG $ COMMCN/PC/P,yQ

P=,5%*WC/CDRAG & C=SQRT(1+P*F) $ EPS=1.E-8B

CALL RCMBERGIRLAM1 0., GAMMAL,FLAM,EPS) $ TAUI=TAU(GAMMAL]}
RLAMO=RLAML-CURAG*TAUL*CLL/TLl $ CALL NEWINT(RLAMO,FLAM,1,.GAMMAO}
CALL RCMBERGUIDSIGsGAMMAD, GAMMAL1,FSIGy EPS)

X1l=T1*0SIG/(CCRAG*TAUL) $ TAUQD=TAU{GAMMAD)

TO=T1*TALO/TAUL & Z1=(T1-TO}/WC % RETURN $ END

FUNCTION FLAMIT) ¢ COMMCN/PC/P,Q §& CT=COSI{T)
FLAN=((Q+P-CTI/{Q-P+CT ) *x*(P/Q)/I1-CTxCT+2xp%{T) $ RETURN $ END

FUNCTION FSIG(T) % COMMON/PQ/P,Q & CT=COSIT)
FOIG=({Q#P=-CTI/(Q=-P+CT ) ) %x(P/Q)}/{1-CT*CT+2%P*CT)=CT $ RETURN % END

FUNCTION TAUIT) & COMMON/PQ/P,Q $ LT=COSIT)
TAU=LIQ+P-CT)I/{Q-P+CT) )%x(P/Q) $ RETURN $ END

FUNCTIUN YSUBY(CCRAG,GAMMAD,GAMMAL) $ COMMON/PC/P,Q

EXTERNAL FTHE $ EPS=1.E-8 $ CT=COS{GAMMAL)}

CALL ROMBERG(DTFE+GAMMAO.GAMMALl,FTHE,EPS)
YSUBY=CORAG=SQRT(TAUIGAMMAL ) *{ 1-CT*CT+2%P%CT)}) /OTHE $ RETURN $ END

FUNCTION FTHE(T) % COMMON/PC/P,Q 8 CT=LO0S5(T)
FTHE=SQRTI({Q#P-CT)/(Q-P+CT})xx(P/Q)/{1-CT=LT+2%P=LT)) $ RETURN
END SUBPROGRAM FTHE

SUBROUTINE NEWINTEC+F4X0yX) $ EPS=1.E-8 % XT=X0 % I=0

SUBROUTINE CCMPUTES THE UPPER LIMIT X QOF THE DEFINITE INTEGRAL
FROM O TG X OF THE FUNCTION F FOR WHICH THE VALUE OF THE
INTEGRAL € IS KNOWN

NEWTON ITERATICN IS USED WITH THE VALUE OF THE INTEGRAL DETERMINED
BY SULBROUTINE ROMBERG

1 X=XT $& CALL RCMBERG(S4G+sXyFsEPS) $& XT=X+{C-5)/F(X) ¢ I=1+1
PI2=1.570796326 $ IF(XT.GY.PI2} XT=PI2 % I[F(XT.LT.0.) XT=0.
IFIT«LT<2) GO TO 1 & IF(ABSIX-XT}.GT.EPS) GO TC 1
X=XT % RETURN % END
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Printing of Files Containing Calculated Results
~ for Sample Case

A printing of each BCD file for the sample case is given. The headings essentially
give the quantities printed using the FORTRAN variable names previously given. The
lateral program uses the same files as does the longitudinal program. The information
written on tapes 30 and 32 by the lateral program is identical to that written by the longi-
tudinal program. Tapes 8, 11, 31, and 33 are also closely paralleled to the corresponding
longitudinal files. Note that the headings PSI and PHI are used to denote ¢ and ¢.
Also,the letters P, S, and Y are used to denote ¢, ¥, and y in the headings on tapes 31
and 33.
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Listing of OUTPUT for sample case {jdentificatign card, and date and time only).-

LATERAL STABILITY UF TETRERZD SALLCCN ~ LRC BALLCON = REFERENCE CONFIGURATION 1l/11712 00.33.53,

Listing of tape 11 for sample case (principal file for characteristic roots).

sLATCATA

coINS = (C«lE-01,
SELCD = Q.04
JELCY = CaJp

JELLm a2 0.0y
CELCLE = (.0

OELCLBD = (.04

DELCLP = (.0,
DELCLR = 0.0,
DELCNE = 0.0,
BELCNBD = 0.0,

OELCAP = 0.0y
OELCNR = 0.0,
DELCYB = Q.G
CELCYRD = 0.0,
‘DELCYP = G.0p
DELCYR = (.0,

RATIQRY = Q.1E+01,

3 = Q.TO0%E+G],
ChaRr = Q. Te4E+01,
xxol = CeltlE+l2,
rici = C(C.le4ELC],
TMASS = Qela26402,
AYMASS = Q.239EHGZ,
WIS = Q.108E+03,
Buay = 0.15E+03,
BHR = 0.3y

dir = Q.213E%01,
SHR =  0.38E+00,
SLR s =Q.06E+Q00,
CGH =  0.109€+03,
CoL = Q.1llE+0],
TLR = (.344E+CL,
TTR = Qe382E%U1,
cLe = (0.61E+02,
CO0lam = Q.l4lE-01,
(s = 0.117E+Cl,.
Wi = (Q.343E+CCy
RHC = 0.1225C640L,
YMIN = 0.1E+01l,
DELV = C.lE+01,
MVEL = Sl»
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VELOCITY+ (REAL{RQOT([})+I=1,NPOS)
SYMBCL+1I®AGIRQOT (1}},I=1,NPOS)

1.cc000
2.C0000
3.63000
4.CCOGD
5.00000
6.£C000
7.00000
8.00000
9.06000
1C.0000

CIRCLE
11.0000
12.0000
13.¢C00
14.CCOC
15.0000
16.C000
17.¢CC0
18,0000
19.6GCO
20,6300

SQUARE
21.0000
22.£C00
23,0600

240030

25.,0C00

-.135178
6.892606E-02

e 206458
0.

-23C6809
[+

-.3600604
O

-+414394
Q.

467727
0.

-.5205870
Qs

=.574105
Q.

—.627562
Q.

-+ 681313
0.

-.735349
G.

-. 789713
O«

—+ 644317
O

-.895152
C.

-+954191
Qe

=-1.00941
Q.

-1.06480
Qe

-1.12033
Qe

-1.17601
'R

-l.23181
Q.

-1.2E772
C.

—1+34375
Ce

-1. 39989
0.

-l.45612
0.

-1.51244
Ce

~2.813337E-02

« 265843

~+3T43 86
0.

-.570208
0.

~a9344 84
0.

-1.15071
0.

~1.44349
0.

-le69461
0.

=1.34497
0.

=2.19504
0.

-2+44507
0.

=2.69520
0.

~2.94550
Q.

-3.165%99
0.

=3.44668
0.

-3.69756
0.

=3.94B55
0.

-4,1%976
O.

=4.45]104
0.

-4,70241
0.

-4.95386

0.

=5.20536

—5.4569]1
0.

-5.70848
Q.

-5.96006
0.

-6.21166
.

=-B.429729E-02
4.78413

=5.8646T0E~03
+257232

-2.078607E~-04
« 269696

~2+98B420E~-02
-282354

-9.198426E-03
+ 2937860

=1.681126E-02
304180

—2.4826065E-02
313688

-3.270870E-02
323148

-4.017218E=-02
«332093

~%.T738165€-02
« 340765

=5%.339067E=-02
«349153

=5.910478BE-02
-357222

-6.425813E-02
364933

-6.889910E-02
«372251

-7.30816JE-02
» 379153

=7.686002E-02
-385629

-8,028631€E-02
+391677

-8, 340854FE-02
«397203

~8.627016E-02
2402521

-B,990988E-02
+ 407349

=9.136179E-02
-4L1807

—9.365563E-02
«415916

-9,581719E~-02
+ 419699

-9.786871E-02
2423179

-9.982928E-02
» 426376

~+169685
4.81727

~.256765
4.846837

~.3a5582
4.93369

~e435867
5.010%52

~.527282
5.0973%

~+619547
5.19349

~.712468
5,29862

~.80591&
5.412%56

~.689%806
5.23512

~.994079
5.66603

~1.08869
5.80497

~1.18359
5.95156

-1.27876
4.10540

~1.37415
£.26605

=1.46974
6.43309

~1.586550
6.606C8

~1.66140
6.TB463

~1.7574%2
E.96832

-1.85353
7.15680

=1.94973
7.34972

-2.04598
Te24673

-2.1422%9
TeTaT55

-2.23863
7.95189

~2.33499
8.15948



26,0000

27.0C00

2%.CC00

2%.C000

30.CC0A0

DI AMOND

3l.CC00

32.0C00

33.CCco

344€C00

35.C000

36.0C00

37.0000

38.0000

39,0000

40.C000

TRIANGLE

4l.CCO0

42.0000

43.0000

%%.GC00

45.0000

46.CC0O0

47.0000

48.CC0C

49,0000

50.CCCO

RT TRAGL

51.0000

-1 5€88B5
0.

-1.£é2534
Qe

-l. 68191
0.

-l.73856
d.

-1.79527
Qe

-1.8520%
Q.

~1.9C588
C.

=-1.96578
Q.

-2.02272
Je

-2.C7973
0.

—-2. 130677
Ce

~2.19387
0.

-2.25101
[*™

-2.,308148
C.

=2.36540
Qe

-2.42265
a.

—2.47994
Q.

-2.53724
Q.

—2.5394¢1
0.

-2.651939
C.

=2.T0940
Ca

-2+ 16€83
Q.
-2. 82429
0.

~2.88177
C.

-2.93928
O

—2.99630
C.

~6a4b325
Ca

-4.71484
0.

=6.9¢642
0.

-7.217%86
0.

-T.46353
O«

-7.721006
O«
-7.97257
Qs

~H8.22406
0.

-B8.47552
0.

-8.72698
Q.

-8.776838
0.

~9.22978
Q.

-9.48115
Q.

-9.73250
0.

-9.68382
C.

=-10.2351
O«

-10.4864%
O.

-10.7377
0.

-10.9889
0.

-11.2401
0.

=11.4913
Qs

-11. 7425
Oa

-11.9937
0.

-12.24949
0.

-12.4960
0.

~12. 7471
0.

-a101715
429313

=.103540
2432008

-« 1053317
« 434480

-+ 10705
436746

-.108761
433821

=+110445
« 940721

-.112112
s 942458

-.113766
- 444045

-+ 115413
445494

~.117055
«H46814

—+118696
« 448014

=.123337
«249104

-.121982
«450051

—+123632
452582

-.125288
«45317384

=.126950
«452502

-.1l28621
- 453142

=-+130301
+453709

—«131990
»4542C8H

-.133688
454642

-.133397
«455015

-.137113
455331

-.138844
+455593

~»140583
«455804

~.142332
.455967

-+144092
~#56083

—2.%3158
8.37010

=2.52777
B.58352

=2.62417
B.79954

-2.72057
9.01798

-2.81698
G.23866

-2.91335
F.46142

-2.0G6972
F.68613

=3.1056CB
G5.912&5

-3.20243
L0.1409

-3.29875
10.37086

-3.39508
10.56019

-3.49137
10.8345

—=3.987¢€5
11.06E5

-3.68391
11.3036

-3.78015
11.5399

-3.875138
11.7773

-3,97258
12.0156

4. 06877
12.2549

~4.1549%
12,4951

=4.26109
12,7362

-4.357123
12.97€0

—4.45325
13.2206

—4.54945
13.4€39

-4.64554
13.7078

=4.74161
13,9525

-4.83766
14,1977
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Listing of tape 8 for sample case (modal ratios or eigenvectors and characteristic roots).-

LATERAL STABILITY QF TETHEAED BalLLCON - LRC BALLOON — REFERENCE CONFIGURATION 11717772 02.33.53.

EIGENVECTORS

COMPLEX FUJDT-REALsIMAG Y/PSly M/DEG-REAL,[MAG PHI/PSI yDEG/DEG-REAL+ IMAG ©SIyDEG—HEALs [MAG
VELOCITY= 1.0000
-«13518 ©.89261E-02 -3.36829E-32 2.923396E~D3 2.28689E-04 4,22723E-05 1.0000: Te
~2.81334E-02 +26584 1.236T1E-02 —4.2074BE~-02 7.7986TE-04 —4.75541€-04 1.0000 0.
~8.425T3E-02 4.T84l 6,00912E-04 -6.15610E-04 ~-.12250 1.98372E-03 1.0000 {a
VELOCITY= 2.0C00
—e 250646 C. 3.86002E-03 0. 8,90943E-04 0. 1.0000 Gt
-+37439 Q. -1.11113E-02 Q. 6.27143E-04 O 1.0000 e
—5.86447E-03 +25723 -1.2489TE-03 -9.95209F-02 7.61205E~-04% -1.13124E-03 1.0000 .
=-.1&6GaA8 4.8173 6.43908E-04 -1.24825E-03 ~-.12511 3.99029E-03 1.0000 Q.
VELOCITY= 3.0000
-«300681 0. «1157a G. 2.560TTE-03 0. 1.0000 Je
—«67021 0. -1.06C71€E-02 Q. 8.091158-04 O. 1.0020 0.
=2.CTEbL1E-04 «26970 ~1.18541E-02 =~.15529 8.549642-04 -1.77141E-03 1.0000 [N
-+ 25676 4,8684 T.02602E-04¢ ~1.91073E-03 ~-.12881 6.04351E-03 L.0000C 0.
VELOCITY= 4.0000
~+36068 0. « 36650 Q. 6.30787TE-03 O, 1.0000 U
-.53448 Q. -1.00568E-02 0. 1.05533E-22 0. 1.0000 [
~2.,35842E-03 «26235 -2.%4l561lE-02 -.20809 9.93299c-04 -2.40028E-03 1.0300 [
—+ 34553 4.9337 7.62738E-04 -2.60910€-03 -.13289 B8.099B89E-33 1.0000 0.
VELOCITY= 5.0000
—s+bl439 Qe 1.2059 G. 1.87768E-02 O 1.0000 0.
—-1.1907 Qe -9.78014E-03 O. 1.35051E~-03 OQ. 1.0000 [
-9.19843E-03 -29378 -3.824R1E-02 -.25873 1.16252E-03 -3.03290E-03 1.0000 .
—.43587 5.0105 8.10673E-04 =3.34236E-03 =-.136175 1.01169E-22 1.0000 Ce
YELOCLTY= 620000
—«486773 0. -19. 884 8. —. 29473 [+ 1.0000 Ca
-1.4435 a. ~9.62444E-03 0. 1.¢B6TTE-02 O. 1.0000 Ce
-l.68113E~02 «30418 ~5436271E~02 -—.30684% 1.355426-03 ~3.68033E-03 1.0000 Ca
-.52728 5.0974 8.353]10E-04 -4.10384E-03 -.14000 1.20391E-02 1.0000 €.
YELOCITY= T-0030
-.52088 0. -1.8665 G, -2.68670E-02 O, 1.9000 Ce
-1.£940 0. -5+52921E-03 Q. 2.054%96E-03 Q. 1.0000 Ce
—2+48269E~02 31389 =6.96787E-02 =-.35231 1.56591E-03 -4.35182E-03 1.0000 Ce.
—.61855 5.1935 8.28B39E~-04 ~4.88316E-03 =.14247 1.38L89E~-02 1.0000 Ce
VELOCITY= 8.CC00
~«574ll Q. -1.2025 Q. —1.69993E-02 0. 1.00Q00 Ce
-1.9450 O -9.46T65E-03 0. 2444563FE-03 Q. L.0000 Ca
-3.2T087E-02 -32315 -8.5834%4E-02 ~=.3951L7 1.78808E-03 -5.05451E~-03 1.0200 Ce.
—+71287 5.2986 T+ 86895E-04 ~5,66836E-03 -—.164l3 L+54243E-02 1.9000 Ce
VELOCITY= 9.00G0
—.¢2756 [« -.97593 0. -1.36520E-02 Q. 1.0000 ag.
=2.1950 0. ~9.42631E~03 0. 2.84973E-02 Q. 1.0000 Je
~4.01722€~02 «33209 -«10165 ~«43561 2.01609E~-03 -5,79304E-02 L0000 Ce
-.80592 5.4126 T.08233E-04 -6.44747E-03 ~-.14506 1.68400€-02 1,0000 a.
YELOCITY= 10.000 CIRCLE
68131 O. —+ 86398 Cs -1.20237E-02 0, 1.0000 Ce
-2 «4451 Q. ~9.3977TE-03 O- 3.25911E-03 0. 1.0000 [V
-4.70817E-02 34077 ~.11686 ~e47394% 2.24432E-03 -6.56955E-01 1.0000 Ca
=-.89981 545351 5.9419T7E-04% =7.20969E-03 -,14529 1.80656E-02 1.0000 C.
VELOCITY= 114000
-.73537 0. -.79835 Qs -1.10947€-02 Q. 1.0000 Q.
~2.6552 0. -9.37767E=-03 0. 3.666BlE-03 O. 1.0000 Q.
—5.33907E-02 »34915 —«13130 -+51050 2.46761E-03 -7.38407E-03 1.0000 Qs
—e994C8H 5.6660 GeBO60E-04 -Te94601E~-03 -,14524 1.91106E-02 1.0600 G,
VELOCITYa 12.000
-.78971 0. -. 78577 0. -1.05155E-02 O. 1.000C Q.
—249455 Qe ~9.36328E-03 0. 4.,067T165-03 DO« 1.0000 0.
—5.91048E6-02 35722 -+ 15495 —«54560 Z2.68142E-03 -8.23508E-03 1.0000 Qe
-1.0887 5.3050 2o T4343AE-04 —B.64959E-03 -.14475 1.99509E-02 1.0000 Q.
T4

o



VELOCITY=

VELOCITv=

YELOCITY=

VELQCITY=

YELOCITY=

VELOCITY=

VELCCITY=

VELOCLTY=

VELOCITY=

VELOCITYa

VELOCITY=

VELOCITYa

VELOCITY=

13.000
-.84432
=-23.1960

-€.42581E-02
—-1l.1836

14.000

-+ 89915
~3.4467
-6.8B8991LE-02
~1.2738

15.00¢C
~.55419
=3.6976

~7.30816E-02
=l.3742

1&.000
-1.009%
-3.9486

~7.636006-02
-1.4697

17.C00
=1.0648
-4.1998

~8.02842E-02
~-1.5¢55

18.000
~1.1203
~4,4510

-8.34085E=-02
-1l.6614

19.000
=1.1760
-4.7024

-8.62702E-02
=l.7574

20.C00
-1.2318
~4,9536

=8.89099E-02
-1.8535

21.000
=-1.2477
-5.2054%

=9.13618E-02
=1.9497

22.000
-1.3438
~5.4569

~9.36556E-02
=2.04860

23.000
=1.3999
=-5.7085

=9.581l72E-02
—2.1423

24,000
—1l.4561
-5.9601

-9, 78687E-02
—-2.2386

25.000
-1.5124
=6.2117

-9.98293E~-02
-2,3350

0.

Qe
«36493
545516

D'

0.
37225
6.1054

0.

0.
37915
6.2660

O.
Q.

+ 38563
64433]

0.

0.
«39168
6.6061

0.

0.
»39730
6.7846

C.

0.
40252
6.9683

SQUARE

0.

0.
«40735
T.1568

0.

0.
«41181
T.34%7

0.

0.
41592
7.5467

0.

0.
41970
TTad5

0.

0.
42318
7.6519

0.

0.
«42638
8.1595

-. 72621
-9.35287E-03
=e 15785

7+ 81978E-05

=e 70467
~3e36526E-02
-.17007
=1.35098E-04

~-$8838
=9.33947E-03

-+18171
~3.60505E~-04

—+ 075069
=9.33554E-03
-« 19286
~5.9345TE-Q4

~«66553
=9.33249E-03
~. 20363
=8, 299B6E~04

-e &5737
-9.330223E-03
-.21410
=1.06676E-03

-« 65060
-9.326857E-03
-. 22435
=1.30109E-03

—e84494
-9.32735E-02

—e23445
-1.53085€-03

=«64014
=%.3264T7TE-03
~e 24446
=l.75442E-03

—+63605
—9.225684E-03
—» 25443
=1.97065€-03

-. 63251
=-%.32541E-03
—e 25441
-2.17872E-03

-+ 52945
-9.32512E-03
—s 27444
—2+3T7813E-03

- 62676
=~9.32495E-03
-.28454%
-2.548862E-02

C.

0.

=.57974
=9,31564E=03

Q.

0.

-e61300
-9.94129€-03

Q0.

0.

-.b4566
~1.05253€E-02

0.

.

-+67791
-1:10676E-02

Qe

Q.

-. 70987
=1.15692E=-02

0.

Q.

-2T4l64
-1.20318€-02

0.

o

-.T7331
=1.24575E-02

0.

Q.

~+80491
-1.28485E-02

Q.

a.

-.83550
=1.32074E-Q2

O

Q.

-2B6810
-1+35367E-02

0.

0.

-.89972
-1.38388E-02

0.

0.

-+93138
-1.411596-02

0.
* 0.

-.96308
=1.43703E-02

-1.01339E-02
4,45582E-03
2.88193E-013
-.14401

-3.B7266E-02
4, 8295%€E~-023
3,06604E-03
-.14311

-9.69897E-03
5.18632E-03
3.23135€-03
-.14212

=9.55T706E-03
5.52470E-03
3.37610E-023
-:14108

~9.46072£-03
5.84403E-03
3.49906E-03
-.14002

-9.38938E-03
£+ 14440£-03
3.59950E~03
-+13898

-9.33550E-03
6.42590E-03
3.647705E-23
-.13797

=-9.,29539E~-023
6.68917E-03
3.73161E-03
-+12700

-9.26436E-03
6.93495E-03
3.76337€-03
--13607

=9.24042E~03
Telb4l2E-03
3.77263E-03
-.135]9

~5.221T6E-03
T.3T162E-03
3.75985E-03
=«13437

-9.20712E~-03
Ta5T044E-0Q3
3.72553E-03
—+13359

~9.19553E-03
7.T6154E-03
3.67040E-03
-.13287

q.
0.

-9.12001 £-03
2.07254E-02

Q.

0.
-1.00357€-02

2413334E-02

O

C.
-1.095789€~-02

2.18337€6-02

0.

0.
=1.19459E-02

2422431E-02

0.

0.
-1.29337E-02

2.25T68E-02

J.

Q.
-1+39390E-02

24284T6E-02

O

0.
-1.49581£-02

2.30666E-02

Q.

0.
-1929913£-02

2432431€6-02

0.

0.
=1.T0336E-02

2.33846E-02

0.

Qe
~1+80837E-02

2+349T6E-0Q2

0.

€.
=1.91401€E-02

2.35873E-02

0.

Q.
-2.02012E-02

2.36580€6-02

O«

0.
-2.126586E-02

2.37132E-02

1.0000
1.0000
1.3000
1.3000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
L.0000
1.2000

1.0000
1.0000
1.0000
1.0000Q

1.0000
1.0000
l1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1+0000
1.0000
1.0000
1.0003

L.0000
1.0000
L.0000
10000

1.0000
1.0000
1.0000
1.0000

1.0002
1.0000
1.9000
1.0000

L.0000
1.0000
1.0000
1.0000

Qe

Je
0.

J.
Q.
Q.
0.

0.
0.
0.
0.

0.
0«
Q.
0.

0.
Q.
0.
Q.

0.
0.
0.
C.

[+
o %
0.
0.

0.
0.
0.
0.

Qe
Q.
[
Q.

Q.
Q.
O
0.

0.
C.
0.
0.

0.
0.
O«
Q.

0.
0.
Qe
0.

15



76

VELGCITY=

VELOCITY=

VELOCITY=

VELOCITY=

YELUCITY=

VELOCITY=

VELOCITYa

VELOCITY=

VELOCITY=

VELOCITY=

VELOCITY=

VELOCITY=

VELOCITY=

26,000
-1+5689
-—6.4633
=-.10172
=2.431%

27.000
-1.6253
~6.T148
—.10354
-2.5278

28.000

-l1.6813
~5,9664
~. 10532
~2.6242

29.000
-1.7386
-7.2180
-.10705
-2.720¢

30.000

~1.7953
- T.4695
-.1087¢
-2.81170

31.000

-1.8520
-7.7211
-+ 11044
—2.9133

32.000
-1.9C89
-7.9726
-.11211
=3.0057

33,000
-l1.9658
—8.2241
-.11377
-3.l061

34,000
-2.0227
=-B.4755
=-11541
-3.2024

35.000
-2,0797
-8.7270
=-1170Q05
-3.2388

36.000
~-2.1368
-8.9764
~.11870
-3.3551

37.000
-2.1939
-9.2258
-.12034
=3.4914

38.000
-2.2510
-9.4811
~.12198

T =3,5877

C.

0.
42931
8.3701

0.

0.
«43201
845835

Q.

0.
«43448
8.7935

0.

0.
«436175
9.0180

DIAMOND
0.
0.
»43882
9.2387

G.
0.
+ 44072
Feablle

0.

0.

~ 44246
9.56861

0.

0.
244405
99127

O

%4549
10.141

Q.

T
«44681
10.371

Q.

Q.
«44801
10.602

C.

Q.
44910
10.835

0.

c.
»45009
11.068

—e 62440
~9.32486E-03
-. 29476
-2« 7T5009E~-03

-.62231
~9+32483E-03
-+ 30510
—2.92262E-03

~e62045
—9.32486E-03

~+31560
~3.0863T7E-03

-.418B79
=9.324%2E~03
=. 32627
—=3.24159E-03

-«61730
—9+32500E-03

-+33713
=3.38858€E-03

—+&1595
-9,32511€-03
-+ 34620
-3.52768E-03

~a61474
-%.32523E-03

-.35947
=3.65925E-03

—+61363
=-9.32536E-03
-+ 37098
-3 78366E-03

~e 61263
-9.32550E-03
-.38272
-3.50128E-03

—«61171
-9.32564E-03

-+39470
=4.01249E-03

-.61087
-9.32578BE-03
-+ 40694
—4. L1764E-03

-«861010
-9.32592E-03

-a41943
~4.217T09E-03

=+ 60940
—9+32606E-02
~+43219
~4+3L116E-03

Q.

0.

-.99481
=1.46041E=02

g.

Q.

-1.0266
—1s48189E-02

0.

0.

~1.0584
=1.50167E~-02

0.

Q.

=1.0903
~1.51989E-02

Qs

1%

=1l.1222
~1.5%3670E-02

Q.

[1 3

-l.1541
-1.55223E-02

0.

0.

=1l.1851
-1.56658E-02

0.

Q.

-1.2181
—1.57988E-02

Q.

0.

-1.2500
=-1.59220F-02

O«

0.

-1.2820
-1.60365E-02

0.

0.

=1.3L4D
-1.61428E-02

0.

0.

=1.3459
=1.62419E-02

Q.

0.

~1.3779
-1.6336LE-02

-9.18629E-013
T.93387E~02
3.59491E-03
=.13219

-9.17887E-03
8.+09435E-02
3+49975E-03
-+13155

~9.17288E-03
B8.24385€-03
3.38553E-03
=.13096

~9.16800E-03
8.,38318E-03
3.25287E-03
-+13041

-9.16400E-03
8.51311E-03
3.10235E-03
~.12989

-9.16070E~-03
B.6343TE-03
2+93453E-03
-«12941

-9.15797E-03
B.T4T61E-03
2.T4995E-013
-.12896

-9.:15568E-03
B.85344E-02
2+54909E-03
-.12854

~9.15377E-03
8.95244E-03
2.33245E-03
-.12815

-9.15215E-03
9.04512E-03
2.10045E-03
--12778

=9.150T7E-03
?.13197E-03
1.85351E~-03
~+12704

~9.14960E-013
9.21342E-03
1.59Z201E-03
-.12712

=9.140859E-03
9.28987E-03
1.3163LE-03
-.12682

0.

0.
=2.23324E-02

2.3755TE-22

0.

0.
—2+34004E-02

2.37880E-02

G.

Q.
-2.4468%9E-02

2.38119E-02

0.

0.
=2.55372E-02

243829002

0.

0.
-2.6604TE-02

2.38406E-02

0.

Q.
-2.7T6708E-02

2.3B4THE-02

0.

0.
-2.87352E-02

2.38513F-02

Q.

Q.
—2.97973E-02

2+36520E-02

0.

Q0.
-3.085T0QE=-02

2.38504FE-02

0.

0.
=3.19139E-02

2.38469E-02

0.

Q.
-3.29678E-02

2438420E-02

Q.

0.
=3.40185E-02

2-38359€E-02

0.

'
=3,50659E-02

2438290E-02

1.0000
1.0000
1.0000
1.0000

1.0000
1.,0000
1.0000

1.0000.

1.0000
1.0000
1.3000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.000C
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

0.
a.
0.
0.

2.
0.
Q.
0.

3.
Q.
0.
0.

0.
Q.
[
Q.

Q.
G

0.

.
Q.
G
0.

0.

0.
0.

0.
0.
0.
[

0.
a.
0.
a.

Q.
Q.
0.
a.

a.
0.
0.
0.
.
0.
a.
O.

0.
0.



VELOCITY=

VELOCITY=

VELOCITY=

VELDCITY=

VELOCITY=

VELOCITY=

VELOCITY=

VELOCITY=

VELOCITY=

VELOCITY=

VELOLCITY=

VELOCLITY=

YELOCITY=

3%.000
-2.3082
-9.7325
=+123¢&3
-3.6839

40.000
=2.3654%
-9.9838
-«.12529
-3.7802

41.000
~2.42217
-10.235
-.12695
~3.8764

42.000
-2.4799
=10.486
~-.12862
-3,9726

43.000
-2.5373
-10.738
~«13030
—4.0688

44.000
-245946
-10.989
--13199
—4.1t49

45.C00
-2.£520
~11.240
-.13369%
~4e2611

46.000
=2.7094
—1ll.491
—.13540
-4.3572

47.C00
-2.7668
-11.743
-.13712
-4.4533

48.000

—2.8243
=11.994
-+ 13884
-4.5494

46.000
~2.6818
—124245
-.14058
-4.6455

5J.000
—-2.9393
=12.49a
=«14233
-4.74l0

€1.000
-2.9966
~l12.747
—«1440%
-4.83717

0.

0.
«45098
11.304

TRIANGLE
D.
0.
45178
11.540

Q.

0.
«45250
L1.777

O«

0.
«45314
12.016

0.

0.
«42371
12.255

0.

0.
«45421
12.455

0.

0.
c454E4
L2.730

0.

O
«45502
12.978

0.

0.
-45533
13,221

0.

C.
+45559
13.46¢6

0.
0.
« 45580
13.708

RT TRNGL
Q.
0.

«45567

13.952

0.

O
= 45608
14.198

~. 608T4
-9.32620E-03

- 44521
-4,40018E-03

-.60814
=9.32633E-03
~e%5851
—4¢ 4B8444E-03

-.60758
—9.32646E-03

~«47208
-4.56425E-03

-« 60706
=9.32659E-03

-« 48594
~4.6358TE-03

-« 60653
=-9.32671E-03

=+ 50008
-4.,71155€E-023

~.600613
-9+ 326B83E-03
—s 51451
-4,71954E=-03

-+ 60571
-9.32695E~-012
-.52922
— %+ G4 406E-02

-. 60532
-9+32706E-02
—e 54423
=4.50532E-03

-+ 60695
-9.32717E-03

-« 55954
-4.9¢352E~03

-« 60461
-9.3272TE-03
=a5751%
-5.,01884E-03

- 60429
-9,3273TE-03
-«59104
-5.07145€E-03

-.£0358
=9.32747E-03

=.60723
-5+12152E-023

-.60372
=3+32756E-0Q3

-.62373
~5.16920E-03

Qs

0.

-1.4038
~1.64203E~02

Q.

C.

—lebal?
-1.65037€-02

Q.

Q.

-1.4136
-1.65760E-02

Q.

0.

=1.535%
=1.66455E=-02

0.

0.

=l.5372
-1.6T126E-02

g.

Q.

~1.5683
-1.67747E-02

0.

Q.

=1.6006
=1.68330E~02

a.

Q.

-l.6322
~1.4837BE-02

Q.

a.

-l.6638
-1.69395E-02

J.

0.

-1l.6953
—1.69883E-02

0.

Q.

~-1l.7267
—1.70342F=-02

Qs

Q.

-1.7581
—1.70777€£-02

a.

0.

-1.78393
-1.71187E-02

~9.14772E-02
9.36170€-03
1.02674E=-03
~a.128653

~9.14697E-03
F.42925E-03
7422609E-04
-a12627

~%.14631E-03
9.49283€-03
4.07192E-04
-.12602

~9.14573€-03
F.55273E-03
7.71566E-05
-.12578

=-9.14523E-02
9.60921E-03

=2,64455E=04
-«l2556

-3.14478E-02
9,66251E-03

=6e13217TE-04
-.12535

~2.14438€-03
9.71285€-03

~9.86322E-04
—+12515

-9.144036~-03

2. T6044€-03
-1.36558E-03
~e12436

-9.14371E~-023
9.8054TE-03

-1.75681E-03
-.l12473

—-G.14342€~-03
9.84810E-03

~2.1998%4E-02
—+12462

=9.143165-03
9.88850€-02

-2.57453E-03
~«l2446

-9.14¢93E-03
9.926B2E-03

-3.,00073E-032
—+l2431

~3.14272E-03
Fe50313E-022

~3.43831€~03
-.12417

Q.

Ce
=3.61039TE=-32

2.38214E-02

0.
0.

-3+ T1498E-02
2438133E-02

Q.
0.
-3.81861E-02

2.38048E-02

Q.

Q.
-3.92186E-02

2.37961E-Q2

0.

0.
-4.02471E-02

2.37873E-02

Q.

0.
~4.12715E-02

2.37T84E-02

Qs

0.
—4.22918€-02

2.378690E-02

Jda.
Q.

- 4.33079€E-32
2.3760BE-02

0.

0.
~4.43197E-02

2.37520E-22

0«

0.
-4 ,53272E-02
2+37434E-02

0.

Q.
~%.63303E-02

2+37350E-02

Q.

Oe
~%.73290E-02

2.37267E-02

Q.

0.
~4.83231E-02

2.37136E-02

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
L.0000
1.0000

1.0000
1.0300
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.2000
1.0000

1.0200
1.0000
1.0030
1.0000

1.0000
1.0000
1.0000
1.0000

1.0800
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

0.
0.
0.
0.

0.
0.
Q.
0.

0.

0.
0.

Q.
0.
0.
0.

0.
0.
0.
0.

Q.
0.
0.
d.

L)
Q.
0.
0.

0.
0.

0.

Q.
Os
0.
0.

8
0.
Qe
0.

O
0.
0.
0.

Q.
Q.
Q.
Q.

0.
D
0.
0.
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BL

Listing of tape 30 for sample

case (trim angle of attack and aerodynamic coefficients).-

LATERAL STABILITY OF TETHFRED RALLCCN — LRC

VELODCLTY

1.000

24000

3.0090

4,000

5.000

6.000

7.000

8.000

9.000

10.00

11.00

12.00

13.00

14.900

ALPHAD

8.767

84550

B.250

7923

T-609

7.321

7.0886

6.884

6.716

€577

462

64367

£.287

6.220

AERODYNAMIC COEFFICIENTS

cn
CNR

5.9599F~-02
-.2807

5.9453E-02
-.2808

5.9284E-02
-.2808

5.9131E-02
-.2808

5.9026E-02
~.2808

54B948E-02
-.2809

5.8894E-02
—.2809

5.8896E~02
-.2809

5.8830E-02
—+2809

5.881l1E-0¢2
-.2809

5,8798F-02
-.2809

5.8T87E-02
-+2009

5.BTT9E-02

-« Z2B0Y

5.6773E-02
—.2809

BALLUIN — KEFERENCE CUNFIGURATION 1L1/71T7/72 00.33.53.
cL cLs cLBo cLp CLR CNB
CYB CYBD cyp CYR

G.9T706E-02-1.5439E-02
-.8200 -8.9000E=-02

9.6972E-02-1.5351E-02
-+8200 —-8.5000E-02

9.3205E-02-1.5228E-02
-.8200 -8.9000E-02

8.9106E-02-145094E-02
-.8200 -8.,9000E-02

B.5161E-UZ-1.4964E-02
-.8200 -8.9000E-0D2

8.1624E-02-1.484BL-02
-.B200 -8.9000E=02

7.8580E-02-1.4T48E-02
-+8200 -8.9000E-02

7.6016E-02~1.4663E-02
-.8200 -8.9000L-02

7.38B2E-02-1.4593€E-02
-+8200 ~-8.9000E-02

7.21106-02-1.4536E-02
—+8200 -B.9000E-02

T+U640E-02-1.4488E-02
-.8200 ~-8.9000€E~-02

6.9415E-02-1.4448E-02
-+8200 -8.9000E-02

6.8389E-02-1.4414E-02
=.8200 -d.Y000E-02

6+1526E-02-1.4386E-02
~+8200 -8.9000€E-02

6.9808E-04-2 ,4048E-02-2, B041E-02-2.5033E-02
8.8154E-02 .9219

6.4945E-04-2.401 2E-02-2.7026E-02~-2.5010E-02
8.5411E-02 ,9220Q

548215€E-04-2.3964E-02-2.5621F-02-2.49480E-02
§.16l4€E-02 .9220

5.08T1E-04-2,391TE-02-2.4037E-02-2.4952E-02
T+7469E-02 L9221

4+3B07TE-04-2 .3875E-02-2.2612E-02-2.492BE-02
T.3480E-02 .9221

3.748BE-04-2 .3040E-02-2,.1292E-02-2.4909E-02
6.5911€E-02 .9222

3.2067FE-04~2.3813E-02-2.0160E-02-2.4896E-02
6.6848E-02 .9222

241922E~04-2.3792E~02-1.9210E-02-2.4886E~-02
6.427T9E-02 .9222

2.3750E-04-2.3T76E-02-1.8422EF-02-2.4879E-02
6.2148E-02 9222

2.U0632F-04~-2.3764E-02-1.77T71E-02-2.48T74E-02
6.0385E-02 ,9223

1.8051E-04-2 ,3754E-02-1.7231E-02-2,48T1E-02
3.8925E-02 .9223

1.5907E-04-2.3746E-02-1.6783E-02-2.4868E-02
5.TT13E-02 .9223

le4116E~04-2,3740E-02~-1.6409E~02-2.,4866E-02
Y.6TOQE=-02 .9223

1.2612E-04-2.3735€-02-1.6094E-02-2.4865E-02
5.5849E-02 L9223

CNBD CNP

3.88586-02-2.9795F-0¢

3.8B61E-02-2.9096E-02

3.4864E-02-2.B125E-02

1.886TE-02-2.T062E-02

3.AH869€-02-2.6037E-02

3.88T71E-02-2.5119E-02

3.8873E-02-2.4329E-0z

3.8874E-02-2.3665E-02

3.89756-02-2.3114E-02

3.88T5E-02-2.2658E-0z

3.8B76E-02-2.22B0E-02

3. 8876E-02-2.1965E-02

3.8876E-02-2.1T03F-0¢

3.8076E-02-2.1482E-02



6L

15.00

16.00

17.00

18.00

19.00

20.00

21.00

22.00

23.00

24.00

25.00

26.00

27.00

28.00

29.00

30.00

31.00

22.00

33.00

b.164

6115

6.074

6,039

6.008

S.981

5,558

5.937

5.9193

5.902

5.888

5.875

5.863

5.853

5.843

5.835

5.827

5.620

5.813

5.8768E-02
-.28009

5.87T64E-02
-.2809

5.87T61E-02
~.2809

5.875BE-02
-.2809

5.8756F-02
-.2809

5.87154E-02
-.2809

5.8T52E-02
-.2809

5.8751E-062
-.2809

5.87T50E-02
-.2809

5.8749E-02
-.2809

5.87T48E-02
-.2809

5.8747€-02

5.8746E-02
-.2809

5.8746E-02
-+2809

5.8745E-02
-«2809

5.8745E-02
-.2909

5.8T44E-02
-.2809

6.6T55E-02-1.4362E-02
=.8200 -8,9000E-02

6.6172E-02-1.4342C-02
-aH200 ~8.9000E-02

6.5638E~-02-1.4325E-02
-.8200 -8.9000E-02

6.517TE-02-1.4310E-02
-.8200 —8.9000E-02

6e4TTTE-02-1.4297E-02
=.B8200 -8.93000E-02

6.4429E-02-1.4286E-02
—«8200 -8.9000E-02

644124E-02-1.42T6E-02
-«B200 -8.9000E-02

6.3855E-02-1.426TE-02
-.8200 ~8.9000E-02

6.3617E-02-1.4260E-02
-.8200 =8.9000E-02

6.3406E-02-1.4253E-02
-.8200 " -8.,9000€-02

6.321TE-02-1.424TE-02
-.8200 -8.9000E-02

6.3049E-02-1.4241E-02
—+8200 ~8.9000E-02

6.2B97€E-02-1.4236E-02
- .8200 -B.9000E-02

6.2760E-02-1.4232E-02
-8200 -8.9000€-02

6.2636E-02-1,4228E-02
-+.8200 -8.9000E-02

6.2524E-02-1.4224E-02
-.8200 -8.9000E-02

6.2422E=-02-1.4221E-02
-.8200 -9.9000€E-02

1.1340E-04-2.3731€E-02-1.5029E-02-2.4864E-02
5.5129€-02 .9223 '

1.0257TE-04-2.3728E-02—-1.5602FE-02-2 -4B63E-02
5.4517TE-02 .9223

9.3306E-05-2.3725€E-02-1.5408E-02-2.40862E-02
53992E-072 .9223

B.5322E-05-2.3722E-02-1.5241E-02-2 .4862E-02
5.3541E-02 49223

7+48404E-05-2.3720€-02-1,509TE-02-2.4861E-02
5.3149E-02 L9223

7.2378E-05-2.3TL19E-02-1.49T1E-02-2.4861E-02
5.20808E-02 49221

6.7101E~05~2,37L TE-Q2-1.4861E-02-2.4861E-02
5.2510F=-02 .9223

6+2456E-05-2.3716E-02-1.4T63E-02-2.4860E-02
5.224TE-02 .9223

548350E-05-2.37T15E~02~1,4b6TBE~-02~-2 .4360F=-02
5.2015E-02 .9223

5.4704E-05-2.3714E-02-1.4601E-02~-2.4860E-02
5.1808E-02 .9223

5.1453F=05-2.3713E-02-1,4533£-02-2.4860F-02
2.1624E-02 .9223

4.8544E-05-2,3T12E-02-1.4473E-02-2.4860E-02
5. 1460E-02 .9223

4+5930E-05-2.37T11E-02-1.4418E~02-2.4860E-02
5.1312E-02 .9223

4.3574E-05-2.3T11E-02-1.4369E-02-2 «4360E-02
5.1178E-02 .9223

4.1443E=05-2 ,3T10F=-02-1.4324E-02~2 ,4860E-02
5.1058E-02 .9223

3.9510E-05-2.,3710E-02-1.4284E-02-2.4860E-02
5.0949E-02 9223

3.7752E-05-2.3709E~02-1.4247F-02-2 .4859E-02
5.0849E-02 .9223

5,8744E-02 6.2329E-02-1.4218E-02 3.6148E-05-2.3709E-02-1.,4213E-02—-2-44859E£-02

-«2809

5.8743E-02
-+2809

~«9200 ~8.9000E-02

6+2244E-02-1.4215E02
-.8200 -8.9000E-02

5.0758E-02 .9223

3.46B2E-05-2.370BE~02~-1.4183E-02-2.4B859E-02
5.0675E-02 .9223

3.8876E-02-2.1295E-02

3.8876E-02-2.1136€-02

3.8877E-02-2.1000E-04

3.8877E-02-2.0R83E-0z

3.8877E-02-2.0781€E-02

3.8977E-02-2.0693F-02

3.88T77E-02-2.0615E-02

3.887TE-02-2.0547F-02

3.8877e-02-2.0486E-U¢

3.8877€-02-2.04330-02

3.837TTE=-02-2.0385F-0,

3.8877E-02-2.0342F-0U2

3.08877E-02-2.0304F-02

3.887TF=02-2.0269€-0¢

3.8B77TE-02-2.0238E-0¢

3.00T7E-02-2.0209E-0e

3.8877E-02-2.0184E-u2

3.88TTE-02-2.0160E-0Q2

3.8877E-02-2.013BE-0c



08

34.00

35.00

36.00

37.00

38.00

39.00

40.04

41.00

42.00

43.00

44.00

45.00

46.00

4T .00

45.00

549,00

50.00

51.00

5.807

5.802

5.797

5.792

5.788

5.784%

5.780

5.777

5.773

5.77¢

5.768

5.765

5.762

2.760Q

5.758

9.7156

5.754

5.752

5.8T43E-02 6.2166E-02-1.4213E-02

-.2809

~.8200 -8.9000E-02

5.8T43E-02 8.2094E-02-1.4210t-02

-.2809

-.8200 -8.9000E-02

5,8742E-02 6.2028E~02-1.,420BE-02

=.280%9

- <8200 =3.9000€E-02

S.8742E-02 6.1966E-02-1.4206E-02

-.2809

—+8200 —8,9000E-02

5.8742FE~02 6.1910F-02-1.4205E~02

-.2809

~.8200 =-8.9000E-02

5.8742E-02 6.1658E-02-1.4203E-02

~.2809

—-.8200 -8.9000E-D2

5.8742E-02 6.1809E-02-1.4201E-02

—.2809

—+8200 -8.9000E-02

5.,8741E-02 6,.1764E-02-1.,4200E-02

-.2809

=-.8200 ~8.9000E-02

5.8T416-02 6.1722E-02-1.4198E-02

-.2809

—+8200 —849000E-02

5.8741E-02 5.16B2E-02-1.4197E-02

-.2809

~a8200 =8.9000E-02

S5.8T41E-02 6.1646E-02-1.4196E-02

—+2809

-.8200 -8.9000€-02

5.8741E-02 6.1611E-02-1.4155E-02

-.2809

-.8200 ~8.9000E-02

5.8T41E-02 6.1579E-02-1.4194E-02

~+2809

-+8200 =-8+9000E-02

5.8T40E=02 6.1549E-02-1.4193E~D2

-«2809

-.8200 -8.%000E-02

5.8T40E-02 6,1521E-02-1.4192E-02

-.2809

—+8200 -08.9000E-02

5.B7T40E-02 6.1494FE-02-1.4191E~-02

-.2809

-.8200 -8.9000€-02

5.8T40E-02 6.1469€-02-1.4190E-02

-.+280%9

—+8200 —8.9000€E-02

5.BT40E-02 6.1445E-02-1.4190E-02

-+2309

-.8200 -8.9000€E-02

3e333T7E-05-243708E-02-1.4155E-02-2 «4B59E-02
5.0599E-02 «92213

3.2101E-05-2.3708E-02-1.4129F-02~2.4859E~02
5.0529€E-02 .9223

3.0963E-05-2.370T£-02-1,4105E-02-2.485%€E~02
5.0465€E-02 .9223

2.9912E-05-2.3707E~02-1.4083E-02-2.40859E-02
5.0405E-02 .,9223

2.B8941E-05-2.3T707E-02-1.4063E-02-2.4859E-02
5.0350E-02 .922)

2.8041E~05-2,3707E-02-1.%044E-02-2.4859E-02
5.0299E-02 .9223

2+ 7205E-05-2.37076-02-1.4026E~02-2.4859E-02
5.,0252E-02 .9223

2+6428E-05-2.37T06F~02-1.4010E-02-2.4859E-02
5.0208E~02 L9223

2.5704E-05-2.3706E-02-1.3995E-02-2.4859E-02
5.0167E-02 .9223

2.5029E-05-2,3T06E-02~1.39H1E-02-2.485%E~02
5.0129E-02 .9223

2.4398E-05-2.3T06E-02-1.2968E-02-2.4859E-02
5.0093E-02 .9223

2.3808E-05-2,3T7T06E-02-1.3955E-02-2.4859F~-02
5.0060E-02 .9223

203255E-05-2.3T06E-02-1. 2944E-02-2.4859E-02
5,0029E-02 .9223

2.2T136E-05-2.3705€=02-1.3933E-02~2.4859E-02
4.9999E-02 .9223

2.2248E-05-243705E-02-142923E-02-2.4859€E-02
4.9972E-02 .,9223

2.1790E-05-2.3705E-02-1.2913E-02-2.4d59E~-02
4.9946E-02 .9223

2413508E-05-2,3705€E-02-1.3904€E-02-2.485%E-02
4.9921E-02 .92723

2.0950E-05-2.3705E-02-1.289¢E-02-2.4859E-02
4.9898E-02 .9223

3.8877€-02-2,0119E-02
3.8877F-02-2.0100E-u2
3.887TE-02-2.00B4E-y2
3.887TE-02-2. 0068BE-02
3.ARTTE-02-2.0054F~-U2
3,887T76-02-2.0041E-02
3.8877E-02~-2.002BE-02
3,887TE-02-2.0017TF~u2
3.86776-02-2.0006€-42
3.8877E~02-1.9996E-02
3.88776-02-1,998TE-u¢
3.BRTTE-02-1.9978BE-02
3.8877E-02-1.59T0DE—02
3.8877E-02-1.9963E-02
3.887TE=02-1.9955E~-02
3.88TTE-02-1.9949E-02
3.8877TE-02-1.9942F-Us

3,8877E-02-1.9936E-02



Listing of tape 31 for sample case (tether spring constants),-

LATERAL STABILITY OF TETHERED BALLCCN — LKC BALLOON — SEFERENCE CUNFIGURATICN

YELJCITY
L.003
2.000
3.000
%000
5,000
5.000
T1.0C0
9,000
9.000
10.00
11.00
12.00
13.00
14.00
15.00
L6.900
17.00
18.00
19.00
20.00
21 .00
22.00
23.00
24.00
25.02
26.00
27.00
23.00
28,00
30.00
31.0u
32.040
53.09
354.09
35.00
36.00
37.00
38.0Q
39.00
40.00
41.00
42.03
43.30
44.00
45,00
46.00
“T.00
43.00
49.00
5u.00
51.00

SKYY
1171
1.193
l.227
1.276
1.339
l.2419
1.5186
l.632
L.764
1.923
24057
2.251
2+503
2,734
2.983
3.250
3.535
3.837
4.150
4.493
4.848
5.219
5.608
6.01l3
€436
6.876
T.333
7.807
8.258
8.806
9.331
9.874
10.43
11.01
11.60
12.21
12.84
13.49
l4.15
14.83
15.52
16.24
lb6.97
1T.72
19.48
[9.26
20.06
20.48
21.71
22.56
23.45

TETHER SPRINGS

SKYP
~3.879
-3.962
-4.0G86
=-4.278
-44512
—-4,799
-5.148
=5.55¢
-5.032
-6+574
-7.182
=-7.855
-8.592
-9.393
-10.286
-11.18
-12.17
=13, 22
-la.32
-1%.49
-16.71
-18.00
=-19,35
-20,75
=-22.21
=23, 74
-25.32
=-26.96
-2B.64
-30.42
~32.23
-34,11
-36.05
-38.04
—40,09
42,21
-44.38
-46,61
-48.90
.=51.25
~-53.65
-26.13
=-58.66
-él.24
-&63.89
-66,60
~69.36
-72.11
-75,07
-78.01
-31.01

SKYS
3.372
3.4l8
3.496
3.610
3. 765
3.965
4,215
4.518
4.876
5,287
5.753
64271
6.840
T.460
8,129
HeBaT
9.613
10.43
11.29
12.19
13.15
l4a.15
15.20
l6.29
17.43
la.¢2
19.45
21.13
2245
23.82
25.24
2670
23.21
29.76
31.37
33.01
34.71
3645
38.23
4Qe06
4l .9%
43487
45.84
47.85
49.%1
52.232
5416
3b.38
58.63
60+92
63.2¢6

SkPP
12.84
13.10
13.67
14.35
15.20
16.23
17.47
15.91
20.58
2Z2e%T
24459
26.93
29.49
32.27
35.27
38.47
41.89
45,52
49.35
53.39
57.063
&€2.09
bb.T74
7L.60
16.617
8l.53
5Ts4l1
93.08
38.97
LG5.1
i11.3
L17.8
124.5
13l.4
138.5
145.9
153.4
16l.1
169.0
177.2
185.5
194.0
202.8
211.7
220.9
230.2
239.8
249 .6
259.6
269.7
280.1

SKPS
~1l.16
=11.35
-11.67
-12.12
-12.63
=13.41
-14.31
-15.38
-16.464
-16,08
=19.70
-21.50
=23.48
=25.63
-27.95
=304
-33.09
-35.91
-38.89
~42.04
—45. 34
-48.80
-52.43
-56.22
-60.158
~54.26
~68.53
-7T2.9%
-T7.54
-§2.28
-87.18
-92.2%
=97 .46
-102.8
~108.4
~114.1
-119.9
~126.0
-132.1
-138.5
-145.0
=151.6
-158.4
-1&5.4
-172.%
-179.%
~-L87.3
=194.3
-202.7
-210.7
-21d.7

545§
9.735
9.795
9.5338
10.21
10453
11.08
11.72
12.51
13.45
14.54
15.78
17.16
18.609
20.35
22.15
24.08
2b.14
28.323
30.65
33.19
35.67
38.37
41.19
44.l4
47.21
S0e4l
53.73
57.17
60475
Ch.tra
6B8.26
72.21
T6.27
BO.4T
Ba.79
89.23
$3.80
38,49
1053.3
108.2
113.3
118.5
123,.8
123.3
134.4
140.5
l46.3
152.3
158.3
164.5
170.8

11717772

00.33.53.

81



Listing of tape 32 far sample case {eguilibrium tether conditions),

LATERAL STABILITY OF TETHERED BALLCCN — LRC BALLOUN

VELCCITY

82

1.C00
2.030
3.000
4300
5,000
64200
T.300
8.000
G.000
10.00
11.00
12.00
13.00
14.00
15.C0
le.J0
1T.00
18.00
19.09
20.00
zl.00
2¢+00
23.00
24,00
25.00
Z26.00
27.02
28.00
29.00
30.00
31.00
32.00
23,02
34.00
315.00
3€400
37.00
33,00
39.00
4J.00
41.00
42.00
43.00
44.00
45,00
46 .00
47,00
43.00
49.30
50.00
51.00

x1
L4953
1.943
4.236
7.218
10.69
L4 44
13.28
21.95
25:39
28.52
31.29
33.73
315,84
37.67
33.25
40.61
41,75
42.61
43.70
44,48
45.16
45,75
46,28
46.15
47.17
4754
47.88
43,18
%8445
43459
48.91
49,12
49,30
49,47
49,43
49,77
49.90
5J).02
50.13
50.24
50,33
50,42
50.51
50,58
50.66
50.73
50.79
50,65
50.91
50.6&
51.01

TETRER CCNDITICNS

Z1
61.00
60,66
60. B3
e0.51
59,92
59,02
51.83
56,38
54.74d
53.10
S5le 4l
49,77
48,21
464 17
45.44%
44422
43.12
42.13
41.23
40,42
39.469
29,03
20.43
27.89
37.40
36.95
36,55
36.14
15. 84
25.53
35424
34.98
34. 74
34.52
34,31
24.12
33.95
33.78
33.63
33.49
33,35
A2.23
33.11
32,01
32.490
3z2.61
12.72
32463
32.5%5
32.48
32.40)

GAMO
d9.19
96.82
83.08
7d.28
72.78
66. 98
6l.2%
55.88
51.04
46.81
43,19
40.12
37.53
35,38
33.54
32,00
30.70
29.60
24,66
27.85
2T7.1¢
26455
26433
25.57
25.1¢
24.80
24.49
24420
23.95
23,72
23.52
23.133
23.17
23,11
22.87
22475
22463
22452
22.42
22433
22.25
22417
22.10
22,23
21.97
21.91
21.85
21.80
21.75
21.71
2l.67

Tu
61.51
62,77
&4.78
67.49
70.85
T4.37
79.55
34.91
90.96
57.69
105.1
113.2
122.1
131.6
141.9
152.9
lode b
177.1
190.3
204.2
218.9
234.4
25045
267.4
285.1
303.5
322.6
342.5
363.1
384.5
406.6
429.5
453,0
477.3
502.%
528.2
554.7
5B2.0
610.0
633.7
658.2
69844
729.3
761.0
793.4
826.5
860.3
89449
930.3
Q663

LC03

- REFERENCE CONFIGURATICN

GA M)
89.32
89.30
88,406
B7.35
86,01
84,48
832.81
91.04%
79,21
TT.386
79.53
73.73
72.00
TOe34
68.77
67.30
65.9]
04462
63.42
62431
6l.23
60,33
5%,46
58.65
57.90
57.21
56.57
55.98
59.43
54,92
54.45
54.02
53.61
53.23
52.88
52,55
52.25
51.96
51.69
S1,44
51.21
50,99
50.74
50.58
50,40
50.23
50.06
49.91
49.76
49 .62
49,49

Tl
82.43
B3.68
85.65
BB.24
91.40
95.11
99.28
104.3
109.7
115.9
122.8
130.3
138.6
147.7
157.5
168.1
179.4
191.5
204.4
218.1
232.5
24,7
263.7
280.%
26T.9
3la.2
335.2
354.9
375.4
39.7
413.7
44l.9
465449
489.2
514.2
539.9
566.4
£93.6
621.5
630.2
6T3.¢6
709.8
740.7
772.3
804.6
837.7
8T1.6
506.1
941l.4%
977.5
1014

11711772

€48 CRAG
1l.0104E-v2
4.0418E-02
9.,09%40E-02
<1617
«2526
»3638
«4951
b4bT
.8185
1.010
1.223
1.455
1.708
1.980
2.2173
2.587
2.920
3.274
3.648
44042
4,456
4.891
54345
5.820
6.315
6,831
T.3606
T.922
8.498
9.094%
9.710
10.35
11.00
11.568
12.38
13.10
12.83
14.59
15.37
16.17
16.99
17.82
18.68
19.58
20,46
21.38
22.32
23,20
24.26
25.26
26.28

00.33.53.



Listing of tape 33 for sample case (uncoupled characteristic roots).-

LATERAL. STABILITY UF TETHERED AALLCON - LRC BALLGUN - REFERENCE CONFIGURATICN 1L/17772 00.33.53,

UNCOUPLEND ROATS

VEL RLY1 RLYZ2 RLPL RLPZ RLS1 RLS2

1Myl [4y2 1Mp1 IHP2 IMS1 M52

1.000 ~4.46B3E=02 =4,.46B3F=-02 -7.7458E-02 -T.T456E-02 =.1252 -.1252

1662 -.1662 44368 -4.348 .2103 -,2103

2.000 ~B.9366E-02 —8.9366E-02 —.1560 - «15860 -.1877 -.3127
«1489 -+ 1489 4e411 = Ge4l] d. 0.

3.000 —«1340 -«1340 —a 2363 —+2363 ~B.51C5E-02 -.5647
#1143 -slleld Gl T4 —b4,4Ts 0. 0.

4.000 -.1787 -.1787 -, 3l82 -.3183 -5.6692E-02 —.941%6
1.7479E-02 -1, T4 79E~02 44550 -4.55) 0. 0.

5.GL0 -9.6676E-02 -.3502 -.4018 ~ 4018 ~4.,0784E—02 =-1.206
Q. 0. 4,635 -4,635 VI8 .

6.000 ~TeB326E=02 =~.45T79 -. 4864 - 4854 =3,0034E=02 ~l.4b64
0. 0. 4.725 ~4.725 0. 0.

7.000 -6.8335F-02 =.5967 ~.5716 -.5716 -2.2012E-02 -1.719
[+ 0. 4,819 -44319 0. 0.

8.000 -€.3315E-02 =-.é&516 —e6572 ~.t572 =1.5637E=02 -1.972
e 0. 4,918 -4.918 0. 0,

2.300 -6+0L35E-02 -—,7443 -2 7430 -+ 7430 -1.0340£-02 -2.226
0. 0. 5,021 -5.021 Je [«

10.00 -5.8170E~02 -.8355 -.B8208 -.B288 ~5.T8T4E-03 =2.477
Qe Jd. 5.129 -5.129 . 0.

11.C0 ~5.7260E-02 =-.5258 -.9148 ~.5148 ~1.7686E=D3 =2.729
0. D. 5.243 -5.243 Q. 0.

12.00 -5,7026E-02 =1.015 -1.001 -1.00] 1.8564E-03 -2.979
Oe D, 5.361 ~5.341 0. 0.

13.00 -5,7285E-202 -1.104 -1.086 ~-1.08% 5,1838E-23 -3,230
['H O 5.4895 -5.485 D O.

14.00 -5.7T9L4E-02 -1.1%3 -l.172 -1.172 B.2816E-03 ~23.480
Qu 0. 54613 -5.5613 Q. 0.

15.00 -5.8827TE602 =-1.282 ~1.258 -1.258 1.1199E-02 =-3,731
0. [ 5.74T -%.747 Q. 0.

16.00 ~5.9963E-02 =-1.370 ~1l.344 =1.344 1.3972E-02 =-3,981
0. 0. 5.8B6 ~5.886 0. O.

17.00 ~£.1276E=02 =1.458 =1.429 -1.429 1.8629E~32 =~4.231
0. 0. 6.029 -6.029 0. 0.

18.00 ~6.2732E-02 =-1.544 -1.515 -1.915 1.9189E=-02 =4.481
Q. 0. 6.176 -6.176 2. 0.

19.00 -6.4305E-02 ~1.634% -1.600 -1.600 2415693E-02 -4.731
0. 0. 6.328 -6.328 0. [+

20.00 -6.56T6E-02 -1.721 ~1.686 -1.686 2.4083E-02 ~-4.980
0. 0. &+4B3 -6.483 0. 0.

21.00 ~6.7729€-02 -1.809 -1.771 -1.771 2.643BE-02 —5.230
Ce J. 6.642 —€41642 Q. 0.

22.00 -6.9552E~02 -1.496 ~1.857 ~1.857 2.8765€-02 ~5,480
U g. &,805 -64805 Qe 0.

23.00 =7.1435E-C2 ~1.93% -l.942 ~1.942 3.1010€E-02 =5.730
0. 0. 6.971 -6.971 Q. 0.

24.00 -7.3370602 =2.0T1 -2.027 -2.027 3.3237€-02 =5.979

0. 0. 7.140 =T.140 Q. [+



84

25.00

26.00

27.00

28.00

29.00

30.00

31.00

32.00

33.00

314,00

35.00

36.00

31.00

38.00

39.00

40.00

4l .00

42.00

43.00

44,00

45,00

46.00

47.00

48,00

49.00

50.00

51.00

-T7+5349E-02
0-

~T+T369E-02
0.

~T.9423E-02
0.

-8.1509E6-02
0.

-Be 3623602
Qe

—B.5T61lE-02
[\H

-8.7922E-02
[+ 2

=9.0104E-02
0.

-9.2304602
Q.

-9.4521E-02
0.

=9.6754E=02
Q-

=-9.%9001E-02
0.

—+1013
0.

-»1035
0.

-.1058
[

=-.1081
0.

~+1104
0.

-+ 1127
0.

=--1150
0.

-sllla

O

- L1ST
[

=--1221
o 28

=.1244
O«

-+ 1268
Q.

-.1291
0.

=.1315
0.

—a1339
Qe

-2.159
0.

-2e246

-3.902
~3.989
O
-4.,076
-4.163
0.

-4.250
0.

=4.337
O.

~4.424

-2.113
7.312

-2.198
T.486

~2.283
7.663

~2.368B
T7.843

—2+45%
3.024

=2+339
8.208

-2.624
B.393

-2.709
8.580

—2:79%
8.709

-2.880
8.9060

=2.945
9.152

=3.050
346

-34135
9.540

-3.220
9.737

-3.3056
2.934

=3.390
10.13

=3.4175
10,33

-3.560
10.53

=3.645
10.73

-3.730
10.94

-3.815
11.14

-3.901
1l.34%

-3.985
L1.55

—%.07]
11,75

-4.156
11.98

=4241
12.17

-4:326
12.37

-2.113
=7.312

-2.198
-Te486

-2.283
=7,663

~2.3548
-T.843

=2.454
-8.024

-2.4539
—8.208

—2.624
- 84393

-2.709
~8.580

~2.7%
~8.769

-2.880
- 8.960

=2.965
=9.152

-3.050
~9.346

=3.135
-9.540

-3.220
~9,737

=3.305
-3.934

—3.390
=10.13

~3.475
-10.33

=3.560
-10.53

=3.645
-10.73

=3.730
~10.94

- 3.815
-11.14

=3.901
~11.34

-3.988
~-11.55

~4.0TL
-11.75

~4.156
-11.9%

=4.241
-12.17

~ 4,320
-12.37

3.5432E-02
O -

3. 7597€-02
0.

3.9738E-02

[\

4.1855€6-02
0.

4.3952E-02
Q.

446031E-02

O

4, B092E-02
0.

5.0139E-02
0.

5.2171E-02
Q.

5.4191E-02
Qe

5.6200E-02
0.

5.B197E=-02
0.

5.0185E-02

Q.

6.2164E-02
0.

b.4134E-02
0.

6.5097E=-02
0.

6.B052E-02
0.

7.0000E-02
Q4

T.1942E-02
0.

T.3879E=-02
0.

T.5810E-02
Q.

T.T735€-02
Q.

T.9656E~02
Qe

8.1572E-02
0.

B.34B4E-02

8.5392E-02
D

8.7296E-02
0.

~&6.229
0.

6479
0.

-6.728

0.

-6.978
Q.

-T.227
Oe

=T.477
0.

-7.727
0.

-7.976
0.

-8.226
0.

-8.475
Qs
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PROGRAM FOR PLOTTING FREQUENCIES AND DECAY RATES
VERSUS WIND VELOCITY

General Description

The dynamic characteristics of a tethered balloon may vary considerably with wind
velocity. Plots of the frequencies Im(:} and of the decay rates Re{)) versus wind
velocity are helpful in assessing trends. Program VPLOT is used to plot both the fre-
quencies and the decay rates versus wind velocity for the longitudinal and lateral cases.
A sample plot is given in figure 3.

The parameters for the scales of the plot are set with data statements within the
program and must be changed internally if desired. The number of frequencies and num-
ber of decay rates off scale are counted and written on the plot (fig. 3). All of the data
for the program are read from binary tape 7 written by program STABLTY. The file
INPUT is thus deleted from the file assignments for the program because no data are read
from it. The only printing from the program is the identification array and the number of
velocity increments to be processed, both of which are read from tape 7. The principal
plotting routines are described in the appendix. The version of the program given here
requires 30-inch-wide paper for the plotier.

Definitions of Program Variables

Some of the principal FORTRAN variable names are given and defined in the fol-
lowing sections, The variables associated with scaling and axes are:

FORTRAN
variable name Definition

DAXL, FAXL, VAXL length of plot axes for decay rate, frequency, and velocity,
respectively, in.

DLAB, FLAB, VLAB arrays of labeling information for decay rate, frequency, and
velocity axes, respectively

DDEL, FDEL, VDEL scale factors for decay rate, frequency, and velocity (change in
units per in. of plot)

DMIN, FMIN, VMIN = minimum values of decay rate, frequency, and velocity to be
plotted

DMAX, FMAX maximum values of decay rate and frequency to be plotted
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FORTRAN
variable name Definition

DTICL, FTICL, VTICL distance between large tick marks in inches on plot for the
damping, frequency, and velocity axes, respectively

DZERO distance in inches from zero decay rate level to plot'origin
as set by CALPLT

FFHH vertical distance in inches from plot origin to end of fre-
quency axis

FH vertical distance in inches from plot origin to zero fre-
quency level

HGT height of lettering for labeling, in.

TICSND, TICSNF, TICSNV  number of small tick marks per inch on plot for the damping,
frequency, and velocity axes, respectively

The variables read from tape 7 are:

FORTRAN

variable name Definition

D ten-word array containing case identification and date and time of
processing of case by STABLTY

IK2 index for cycling symbols

NEGR one plus the number of complex roots with negative frequencies

NROOT number of roots for plotting for a given velocity

NTWO order of linear eigenvalue problem

NVEL number of velocity increments

ROOTI array containing imaginary portion of eigenvalues (modal frequencies

for a given velocity)
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FORTRAN
variable name Definition

ROOTR array containing real portion of eigenvalues (decay rates) for a given
velocity, in same sequence as ROOTI

VEL velocity (first in velocity units, then scaled to in. on plot)

Other variables are:

FORTRAN )
variable name _ Definition
ISYM index for plotting symbols

QLSYM symbol quality parameter (+1. for high quality, -1. for low quality)

NDOFF, NFOFF number of decay rates or frequencies off scale (encoded to Hollerith as
DOFF and FOFF, respectively, for labeling plot)

RIN, RRN real and imaginary parts of an eigenvalue (scaled to in. from plot
origin as FREQ and DECAY, respectively)
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Listing of Program

OVERLAY{VPLOY,0,0)
PROGRAM VPLOT{QUTPUT=1+TAPET)
Codsbknkghhbbbhnbrhdpbbbabhbdbkhihdhpdpnbhdsnbbhnbcbbhhhobah s kg erprnhdnis

Cx ®
C* PROGRAM A2B864.3 - RUOTS VS VELCCITY PLUTTING PRUGRAM %
C* PLOTS REAL(ROOT) vsS VELOCITY AND IMAG(RODT) VS VELOCITY *
C* SEE SUBROUTINE WRITEUPS FQOR DESCRIPTION UF CALPLT sNUTATE,AXES, *
Cx PNTPLT, OR DASHLN *
C* *
CHddd bl kR R Sk R R Rk A Ak K R Rk R kR R R PR EE XA R AR AR RN TEX

DIMENSION IDC(10}4RO0OTR{5G)ROOTI{ 301,y VLAB(5},DLAB{5)FLABI(S5)
c
C SCALING PARAMETERS AND LABELS FOR AXES
C
CATA OLAB/SOH JECAY RATE, 1/5&C 7
CATA FLA3/50H FREQUENCY, RAD/SEC /
DATA VLAB/50H VELOCITY, M/SEC /ST UNITS
DATA VAXL yVHMINyVOEL +sVTICLyTICSNV/10.440+45.1 B8,5./
DATA CAXL +DMINyDDEL+DTICL yTICSND/ Tes=5.31e91ls410.7
DATA FAXL yFMINyFDELsFTICL ¢ TICSNF/To40up2eplay2./9HGT/.250/

INITITALIZE PLUTTING ROUTINES, SET PLOT ORGIN, AND CALCULATE SCALING
PARAMETERS — CALL TO LEROY SLCWS PLOTTER FOR USING INK

OoO00

CALL CALCOMP 8 CALL CALPLT(3,.,3.,-3)

QLSYM=1. $ IF{CLSYM.GT.O0.} CALL LERQY

RVDEL=1./VDEL & RDDEL=1./DDEL $ RFDEL=1./FDEL
FMAX=FMIN+FAXL*FDEL $ DMAX=DMIN+DAXL*DDEL $ DZERG=-DMIN*RDDEL
FH={CMAX—DMIN])*RODEL+1.

READ IC ARRAY AND NUMBER OF VELOCITY POINTS FKOM BINARY TAPE7T
SEE SUBROUTINE WRITEUP FOR DESCRIPTION TF RECIN

OOO0n

1 CALL RECIN{7424I1EO0F,INDs1+10+1) & IF(EUF,T7)9992
2 CALL RECINIT7,1,IEQF.NVEL}
PRINT 100,I0sNVEL $ NDOFF=0 $§ NFOFF=0

WRITE [0 ARRAY BELCW HURIZONTAL A4XIS UF PLOT AND DRAW X-Y AXES WITH
WITH TIC—MARK GRIOS. NUMBERS AND LABELS

ahoo

CALL NOTATE(O+»—4.%HGTy 5%FGT41D,0.,1001}

CALL AXES(OeypUaygOs o VAXLy VMINSIVOEL o VTICLyTICSNY » VLAB s HGT »~50)
CALL AXES(OeyFHeOQas VAXL s VMINVDEL YTICL,TICSNV yVLAB yHGT =501}
CALL AXES{=45+04+90e+0AXLsDMINDUELOTICL,TICSND,DLA3,HGT,y 50)
CALL AXESU=e5+Fhs90 4 FAXLsFNIN,FDELFTICL,TICSNF, FLA3,HGT, 50)

CRAW LINE FCR ZERQ CECAY RATE

a0

IF(O0ZERD«GT 404 1CALL DASHLN(QO,,DZERG)VAXLsDZERG,,VAXL)

$0-LGOP IS VELOQCITY LOOP

OGO

DO 90 IVv=L,NVEL $ CALL RECIN(T+1l+4,VEL,IK2,NEGRNTWO)
NROCT =NTWO-NECR+1

CALL RECINIT+2+NROUOT+ROOTR,1.NROOT,11}

CALL RECINET;2:NRUCT,FOCTY s+ 1 +NRUUT,1)
VEL=(VEL-VMINI)*RVDEL
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90

C

OO0

OO OO0,

[aNaNe

[aNalel

20—LOUF IS RUOT PLATTING LOOP FCR VELOCITY VEL

sC

DU 20 N=1,NROUT $ RRN=RUOTRIN) & RIN=ROOTI(N)

ALE FOR PLOTTING AND SET UP SYMBOL CYCLING

DECAY=(KRRAN-DMIN)*RODEL $ FREQ={RIN-FMIN)*RFDEL +FH
IF{IK2.,EQ.111G0 TO 10 % ISYM=QLSYM*(IK2+10)

PLGT SYMECL IF DECAY RATE IS ON PLOT - IF JFF-S5CALE, INCREMENT NDOFF

fo-TNE N I 0 AR AR 3

PL

10

EN

- REPEAT FOR FREQUENCY., NFOFF

IF{RRNZGE sOMINsAND+RRN.LE 4DMAX )4, 5

CALL FNTPLTU(VELDECAY,ISYM,1}) 3% GO TO &
NUOFF=NDOFF+1
IF(RINSGE+FMINSJANDRINGLF.FMAX])T,8

CALL PNTPLT(VEL.FREQ,ISYM,1) $ GO TO 20
NFUFF=NFOFF+]1 & GO TO 20

UT PLUS SIGN IF GECAY RATE 1S GN PLOT - IF OFF-SCALE, INCREMENT
NDOFF - REPEAT FCR FREQUENCY, NFOFF

IF{RRN+CE .DMINLAND.RRN.LE .OMAX)12,13

CALL NCTATE(VEL yDECAY.o07+3,04,=1)} & GO TU 14
NOOFF=NDCOFF +1

IF(RINGEFMIN.AND .RIN.LE.FMAX}15416

CALL NOTATE(VEL+FREQ++07+34+Cay-1) ¢ GO TO 20
NFOFF=NFOFF+1

CONTINUE

CONTINUE

CUDE NUMBER CUF PUINTS UOFF PLOT AND WRITE ON PLIT
ENCCCE(10.101,D0FFINDIFF 8 ENCUDE()O+101,FUFF}NFUFF

CALL NOTATE(VAXLDAXL,HGT ,DCFF,0.410) ¢ FFHH=FH+FAXL
CALL NUTATE(VAXL FFHHyFGT FOFF Q.41 0)

SHIFT ORIGIN AND CHECK FOR NEXT CASE

999
101
100

CALL CALPLTUI{VAXL*6.):0.+-3) $ GO TO 1
CALL CALPLTI{C.+0.4999) 5 REWIND 7
FORMAT(14,6HPT OFF}

FORMAT{/2X1DA10/% NVEL=%[%)

END PROGRAM VPLOT



PROGRAM FOR PLOTTING ROOTS IN ROOT-LOCUS FORM
WITH WIND VELOCITY AS A PARAMETER

General Description

One form of plotting characteristic roots often used in parametric stability investi-
ga.ions is the plotting of Im(X) versus ‘Re(A); that is, frequency versus decay rate.
Curves are formed by the roots as a parameter is varied. Root-locus diagrams are
often used because the qualitative variation of the roots with the parameter can be
sketched with no computation, providing the parameter enters the stability determinant
in a simple manner, Wind velocity is used as the parameter and enters the stability
determinant in a complicated fashion. Thus, the root-locus plots generated by program
RTLOCUS is used only as a form of plotting the calculated results in order to assist in
interpreting such trends as the splitting of a complex pair into real roots. One feature
of this type of plot is that radial lines from the origin form lines of constant damping
ratio, A sample plot is given in figure 4.

The organization and operation of program RTLOCUS is quite similar to that of
program VPLOT, The definitions of the FORTRAN variables are also essentially the
same. The program uses the same tape 7 as VPLOT and is normally executed in series
with VPLOT. The version of RTLOCUS given here requires 30-inch-wide paper.

91



92

23PT OFF

RAD/SEC

FREQUENCY ,

Jé‘ ] |ll[“|| 1y Ll h‘l‘i‘ihﬂh‘&*§|1]]ﬂ IllHIIIlllI]]]]IIllIl[!IIllll]l]JillJI

-6 -5 -4 -3 -2 -1 0 1 2 3 Y
DECAY RATE. 1/SEC

Figure 4.- Txample of plot from program RTLCCLS.




Listing of Program

UOVERLAY{RTLOCUS 40,01
PROGRAM RTLOCLS(OUTPUT=1,TAPET)

e N Rk R A R A T R R N R K N R A AT N TR T A R I A A AT E

Cx
C*
Cx=
Cx
C»
C=

=
PROGRAM A2864.4 — ROUT LOCUS PLOTTING PROGHAM ®
PLOTS IMAGIRONT) VS REAL{RODT) WITH VELOCITY AS A PARAMETER x
SEE SUBROUTINE WRITEUPS FUOR DESCRIPTION OF CALPLT,NOTATE,AXES, OF *
x
-3
£

PNTPLT

R 2 ST LIRS SR LSS RIS RS ES RS2 R E RS S E 22322 SRttt R R L )

OO O OO0 (pEeNalel OO0

OO0

OO0 OO0

OIMENSION ID(L0O),POCTR{50),RA0TI(50}DLABIS}FLAB(S])

SCALING PARAMETERS AND LABELS FCR AXES

DATA CLAB/S50OH DECAY RATE, 1/SEC /
DATA DAXL OMINyCOELOTICLTICSND/10es—6eplerleslOae/ -

ODATA FAXL3FMINGFDEL yFTICLsTICSNF/100302pleplaslOs/

DATA FLAB/50H FREQUENCY, RAD/SEC /
ODATA HGT,FH/7.25040.7/

INITITALIZE PLOTTING ROUTINES, SET PLOT ORGIN, AND CALCULATE SCALING

PARAMETERS - CALL TO LFROY SLEWS PLOTTER FUR USING INK

CALL CALCUMP $ CALL CALPLT(1.945.%HGT,-3])

QLSYM=]. & IF(QLSYM.GT.0.) CALL LERDY

RODEL=1./DDEL $ RFDEL=1./FDfL .
FMAX=FMIN+*FAXL*FDEL $ DMAX=DMIN+DAXL*DDEL $ DZERD=-DMIN*RDDEL

READ IC ARRAY ANC NUMBEP DOF VELOCITY POINTS FROM BINARY TAPET
SEE SUBROUTINE WRITEUP FOR ODESCRIPTION OF RECIN

1 CALL RECIN(T7,2,IE0F+ID,1,10+1}% $ IF{EOF,7)1999,2
2 CALL RECINI7.1, IEOF.NVEL)

PRINT 100,IDyNVEL $ NOFF=0

WRITE IC ARRAY BELGW HORT ZONTAL AXIS OF PLOT AND DRAW X-Y AXES WITH

wITH TIC-MARK GRIUuSs NUMBERS AND LABELS

CALL NOTATE({O.y-%.%hGT,y 5%+GT,IDy3.,100)
CALL AXES(Os104+0.9eDAXL+OMINGDCELDTICL,TICSNOyDLAS4HGTy—~50)
CALL AXESIDZERO +0e¢ +Q0e s FAXL ¢ FHIN,FOELFTICL,TICSNFs FLABH53T,50)

F0-L0O0P IS VELUCITY LOOP

DO 90 Iv=1,NVEL $ CALL RECINIT41,44VELyIK2,NEGRNTnO)
NAQOT=NTWO-NECR +1

CALL RECIN{7,2,NROOT,RODTR+1,NROUT,1)

CALL RECIN(T+2,NROGT,RO0T1,1,NROCT,1)

20-LO0OP IS ROOT PLOTTING LOOP FOR VELOCITY VEL

DO 20 N=1,NROOT & RRN=ROOTRIN) % RIN=ROOQTI(N)

SCALE FOR PLOTTING AND SET UP SYMBOL CYCLING

DECAY=(RRN-DMIN)*RDDEL $ FREQ={RIN-FMIN)*RFDEL+FH
IFUIKZ2.EC.112G0 TO 10 & JISYM=QLSYMx(IKZ2+10]}
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IF ON PLOT, PLOT SYMBOL - COUNT OFF SCALE POINTS

IF{(RRN+GEDMIN.AND.RRNSLE «DMAX} .AND.
1 fRIN.GE.FMIN.AND.RIN.LE.FNAX))B,9
8 CALL FNTPLT(DECAY,FREQ,ISYM,1) & GO TO 20
9 NOFF=NOFF+l1 $ GU TO 20

IF ON PLOT, PLUT PLUS SIGN ~ COUNT OFF SCALE POINTS

10 IF({{RRNeGE+OMIN.AND-RRN.LE.DOMAX) AND.

14 CALL NOTATE(DECAY,FREQ+.0743,0.y—1} $ GO TO 20
15 NOFF=NOFF+1

20 CCNTINUE

90 CONTINUE

ENCODE MUMBER OF PUINTS OFF PLCT AND WRITE ON PLOT

ENCUDE(10,101,PCGFFINOFF
CALL NOTATE{CAXLyFAXL2HGTPOFF0.,10)

SHIFT ORIGIN ANC CHECK FOR NEXT CASE

CALL CALPLT{15.40.+-3) & GO TG 1
959 CALL CALPLT{O0.40.,999) $ REWIND 7
101 FORMAT(I4+6HPT CFF)
100 FORMAT(/2X10A10/% NVEL=%*14}

END PROGRAM RTLOCLS

SUBROUTINE NOTATE{XsYyHT+BCO,THETA4N)
CALL CFTRAN{X,Y T BCD,THETA,N) $ RETURN
END SLBROUTINE NOTATE

-
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PROGRAM FOR PLOTTING LONGITUDINAL MODES OF MOTION

As a means of illustrating the longitudinal modes of motion, the outline of the
tethered balloon and the center of mass are displaced in proportion to the eigenvector
and are drawn for a sequence of time intervals by program CALBALM, The balloon is
viewed from the side. It is displaced proportional to the pitch-angle amplitude, which is
an input to the program, and is selected initially such that the balloon remains on the plot.
The center-of-mass position is shown as a plotted point for each time sample, and the
balloon outline can be deleted for some time samples. Shifting of the plotting frame
between time intervals is also optional. A sample plot is given in figure 5. It might be
noted that this is not a transient response problem in the usual sense. In general, all
modes of a dynamic system participate in transient motions to a degree depending upon
the initial conditions or excitation. The purpose of program CALBALM is to illustrate
the character of a single mode. ’

Program CALBALM is highly specialized as it is based on the shape of a particular
balloon given in feet by DATA statements within the program (and the same is true for
program CALBLM2 subsequently described). However, it can be modified for other pur-
poses with minor reprograming efforts. For example, a slightly modified version has
been used for making computer-generated movies of the modes of motion.

I/

Figure 5.- Example of plot from program CAZBALM.
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Definition of Program Variables

The principal FORTRAN variables for the program are given and defined except
for the variables required for input data which are described subsequently. Note that the
coordinate y refers to the plotting coordinate direction which is actually -z for the

stability-axis system.

FORTRAN
variable name

AXESL

DAY

DT

HGT

NB

NF

NLB

NT

XAXE, YAXE

XBAL, YBAL,
XBTM, YBTM

XCG, YCG

96

Definition

length of X- and Y-axes of plotting frame for a given time or
times, in.

two-word array containing date and time of processing of case

time increment between frames, 0.0625 * TIME (where TIME is
time scale factor)

height of title {identification and date and time) written underneath
initial frame

number of points used to describe balloon half profile
number of points in array used to describe fins

number of points in array used to describe load band
number of points in array used to describe tether bridle

arrays containing coordinates for drawing axes for equilibrium
position of balloon

x- and y-coordinates of balloon profile, given as station coordinates
in feet from nose with balloon facing to the left (rotated and trans-
lated coordinates including motion are stored in XBTM and YBTM
for plotting)

X- and y-coordinates of balloon center of mass in coordinate system
consistent with XBAL and YBAL



FORTRAN

variable name Definition
XFIN, YFIN, fin coordinate array in coordinate system consistent with XBAL
XFTM, YFTM and YBAL (rotated and translated coordinates are stored in

XFTM and YFTM)

XLBAND, YLBAND, load band coordinate array in coordinate system consistent with
XLBDTM, YLBDTM XBAL and YBAL, including motion stored in XLLBDTM and
YLBDTM
XMIN, YMIN, : minimum and maximum values of x and y for limits of
XMAX, YMAX plotting frame, in units relating to full-scale balloon (here
ft)
XMG, YMG X~ and y-coordinates of center of mass, including motion scaled

to inches on plot

XTET, YTET, tether bridle x- and y-arrays in coordinate system consistent
XTTM, YTTM with XBAL and YBAL, including motion stored in XTTM and
YTTM

Description of Input Data

The input data consist of four cards per case, The program can process multiple
cases.

Card 1 (8A10 format).- Eighty columns of identification information read into
ID array.

Card 2 (8F10.0 format).- The eight 10-column fields contain the following variables
in sequence:

ROOTR real part of eigenvalue for mode (decay rate), 1/sec

ROOTI imaginary part of eigenvalue for mode (frequency), 1/sec

XREAL real part of x-component of eigenvector normalized by 6, m/deg
XIMAG imaginary part of x-component of eigenvector normalized by 8, m/deg
ZREAL real part of z-component of eigenvector normalized by 6, m/deg
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ZIMAG imaginary part of z-component of eigenvector normalized by 6, m/deg
TREAL real part of §-companent of eigenvector, normally 1,0
TIMAG imaginary part of 6-component of eigenvector, normally 0.0

Card 3 (8F10,0 format).- The first four 10-column fields contain the following
variables in sequence:

AMPL initial amplitude of pitching motion for mode, deg

TRIMA trim angle of attack, deg

TIME time scale factor, DT = At = 0.0625 * TIME, seconds between frames
XSHIFT distance between origins of frames in inches on plot if frames are

shifted between plot time intervals

Card 4 (2014 format),- The first four 4-column fields contain the following integer

variables in sequence:

NFRM number of time increments
ISHIFT frame origin is shifted between plot time intervals only if = 0
MODBAL parameter determining interval for drawing full balloon outline {center-

of-mass point is plotted MODBAL times as often as balloon cutfline)

INIMOD initial time frame for plotting ballon outline (= 0, outline plotted first
frame; = 1, second frame, etc,)

Listing of Input Data Cards for Sample Case

HRAEERRRN AN AN I kRN Tk hwnnnwnwkdhth COLUMN NUMBER %Atk b e Ak A Ak h A kAT A A R Rk Rk A RN R AR

000000000111111111122222222223333333333L44L44440L4455555555556666066666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901224567890

LRC BALLOON -~ REFERENCE CONFIGURATION - MODE 1A AT V=20 M/S, ROOT==.,763+0,»I
=-.76353 0. -1.3520 0. 1.2549 0. 1. 0.
7. 5,980 15, 10.
10 1 g i}
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Listing of Program

OVERLAY(CALBALM,0,0}
PROGR AM CALBALM(UUTPUT=1,INPUT=1,TAPES=INPUT)

oo b e e ok o ok ko oo o oo ok o oo ol ok ol o ko 2 b ok K e o e Qo ke sk ok b ok Ak R Rk R R ok Rk ok
(o
C#% PRUGRAM A2864.5 ~ LONGITUUOINAL EIGENVECTOR PLOTTING PROGRAM %
Cx FLOTS C G PCSITICN AND/OR BALLCCN GUTLINE FOR A SINGLE MODE OF *
C* MOTICN FDR SELECTEC INCREMENTS OF TIME *
C=x SEE SUBROUTINE WRITEUPS FOR DESCRIPTION OF CALPLT,NOTATE,.LINE, OR %
C*  PNTPLT - LEROY SLUWS PLOTTER FOR DRAWING WITH [NK *
Ce ®
P T R T sy T Ty T L T T Ly

DIMENSION XBAL{46) ¢ XFINEL2) o XLBAND(2) ¢ XTET(3]),XAXE(8)

+ 2 CAY (2 ) YBALUAG) »YFIN({L2),YLBAND(2) 4 YTET(2},YAXE(A]

+ s IC({B) ¢ XBTHM{48) s XFTM{14), XLBLTMI 4)  XTTM(5])

+ s YBTM(48) , YFTMI{T4),YLBDTM(4),YTTMI(D)

DATA AL/76H{8A1C1/,FlO/BHIBF1040)7/ A0/ 10H1/X10A107)/

CATA [4+A0n/6H{2014),TH(L13A10)/

DATA HGT/el25/yAXESL/10.7+ISHIFT/0/

UATA DEGRAD/ .0174532925159423/

CATA FTPERM/3.280839895/ ST UNITS

DATA FCK LRC BALLCCN IN FEET
EALLCON CATA IS FOR NOSE FACING LEFT - TURNED ARODUND IN CALCULATIONS

o000

OATA NByNFyNLBsNT/23,12.2,3/

UATA ‘XBAL(I,II=1l23)/0-w-011 -OT‘.Z' -53'-5'-6711.;1-33'1-67l2-'
+ 23312675301 3e334%0+%446795.33,46.679844933,410.51,425./

CATA (YBAL(I)+I=1+233/0cy+ell4e455+9591.3341:72:2.0342.5242.88,
+ 3.1893e4293e€393.T7793.8793.5514.00644149461874.13,5349943.78,

+ 3.57y .33/

DATA XFIN/L1Te2292509342%25.92%1T722242%2549342%254925293+17.22/
CATA YFIN/Z2a0T14e259¢342%.0342%-.0392%.034-4334-4.259=2.01/
DATA XLBAND/ .B884315.97/4+YLBAND/ 2¥-2.33/

DATA XTET/2.644413413.94/4YTET/-2.353y-12.51,-2.33/

DATA XMC/15.427/4YMC/04/+XCG/14:32/4yYCG/~29/

DATA leerHAx'YHINvY“AXI‘ch 'SD- 1'60.|SOI/ .

REFLECT @ALLCON hALF-PROFILE, INITIALIZE PLOTTING ROUTINES, COMPUTE

SCALING PARAMETEFRS,: AND SET ORIGIN FOR INITIAL FRAME

OO0 O

NBl1=NB+1$% NB2=NB+NBS$ DU 1 [=NB1.,NB2$ I[B=NB2+1-1$ XBAL(IJ}=XBAL(IB)
1 YBAL(LI)=—YBAL(IB)

SCALE=(XMAX-XMIN)/AXESL $ RSCL=1./S5CALE § ZER=.75

XAXE{1)==10. $ XAXE{2)=10. $ XAXE(3}=XAXE{(T)=XMIN

XAXE(S5)=XAXE(6)=0. $& XAXE(4)=XAXE(B)=SCALE

YAXELL1)=YAXE(21=0. $ YAXE{3)=YAXE(7}=YMIN

YAXE(4)=YAXE(B)=SCALE $ YAXE(S}=-10. & YAXE(6)=10.

CALL CALLCHP § CALL CALPLTULZER,ZERy-3) $ CALL LEROY

READ INDENTIFICATICN ARRAY, CALL FOR DATE ANO TIME, AND PRINT AND
WRITE AT THE BOTTCOM 0OF THE FIRST FRAME

OO0

10 REAL AI+IC $ IF(EOF451999,11
11 CALL CAYTIM(DAY) $ PRINT AO4+ID,DAY
caLcr NUTATE(O.!“-5,HGT1 leO-nBO'

READ EICENVECTOR-MQTION DATA, TRIM PARAMETERSy ANC FRAME DATA

OO0

READ FlOsROOTR.+RUDTIXREALs XIMAG,2ZREAL,ZIMAG,TREAL, TIMAG
READ FlO.AMPL,TRIMALTIME,XSHIFTS READ [4,NFFM, [SHIFT,MOOBAL,INIMOD
INIMCO=INIMCC+MCOBAL
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CONVERT DISPLACEMENT YO FEET, SCALE TIME, AND COMPUTE MAGNITUDES AND
PHASES OF MOLDAL CGMPONENTS

XREAL=FTPERM#*XREAL $ XIMAG=FTPERPMAXIMAG

IREAL=FTPERM®ZIREAL $ ZIMAG=FTPERM*ZIMAG

DT=.0€258TIME

DTW=CT*K00TI $§ CTR=DT¥ROCTR

XABS=SQRTIXREAL **2+XIMAG**2) § PHIX=ATAN2{XIMAG,XREAL]
ZABS=SQRT(ZREAL**2 +J[MAG*#2) $ PHIZ=ATANZ2IZIMAG,ZREAL]
CPX=COS(PHIX) $ SPX=SIN(PHIX) $ CPZ=COSIPHIZ) $% SPZ=SIN(PHIZ}

50-LCOFP IS TIME-FRAME LOOP
DO 5C NTS=1,NFRM $ N=NTS-]
CALCULATE MOTILN FOR TIME FPRAME

ST=SIN(N*DTW) $ CT=COSIN*DOTw) $ AET=AMPL*EXP{N®DTR} $ THEM=AETe(T
XM=AET*XABS*[CT=CPX-ST*5PX) $ ZIM=AET*ZABS*{CT*CPIZ-ST*5PZ)
TH=CEGRAD*( THEM+TRIMA) & CTH=COS{TH) $ STH=SIN{TH)
IFIISHIFT.EQ.Q)GO TO 18

IF C G POINT UNLY IS CRAWN FOR THIS TIME FRAME GO TO 40
IF(¥CCIN+INIMODMOCBAL ) «NELO}GU TO 40

20-LOOP PREPARES ARRAYS FOR BALLCON OUTLINE FOR PLOTTING
25-L(0P — FINS, 30-L0O0P - LOAD BAND, AND 35-LOOP - TETHER BRIDLE
POINTS OFF-SCALE ARE SET TO OQUTER LIMITS OF FRAME

18 DO 20 I=1,NBZ $ XTEM=XBALII)}=-XCG $& YTEM=YBAL(I)-YCG
YBTMIT}=YTEM*CTH-XTEM*STH-ZM & XBTMII )}=—(XTEM=CTH+YTEMESTH-XM)
IF(XBTMUT) oL T XMINIXBTM{T }=XMIN & IF(XBTMII)eGT.XMAX)XBTMI{I)=XMAX
IFCYBTM{TIJoLT YMINIYBTMIL )=YMIN § IF(YBTM(IJ.GT.YMAXIYBTM(I}=YMAX

20 CONTINUE $ DO 25 I=1yNF $ XTEM=XFIN(I}-XCG & YTEM=YFIN{I)-Y(G
YFTM{] )=YTEM®CTH-XTEMXSTH-IM $ XFTM{I )=—(XTEM&CTH+YTEM%STH-XM)
IF(XFTM{L )ul T XMINIXFTM{T)=XMIN $ IFIXFTM{I).GT.XMAX)XFTM(I }=XMAX
IFIYFTHITJLLTLYMINIYFTMIT )=YMIN & [FIYFTMII}.GT.YMAXIYFTMIII=YMAX

25 CONTINUE $ DO 30 I=1,NLB $& XTEM=XLBAND{I)~XCG $ YTEM=YLBAND(I)-YLG
YLBOTM(I)=YTEMACTH-XTEMXSTH~ZM $ XLBDTMII)=—(XTEM*CTH+YTEMXSTH-XM)
IF(XLBDTHMEI ) LT XMIN)XLBDTMI T =XMIN
IF(XLBOTM(I) GT o XMAXIXLBDTMI ] }=XMAX
IFLYLBDTM{I Y LT YMIN)YLBOTM(1)=YMIN
IF(YLBOTM{I).GT . YMAX)YLBDTM{])=YMAX B

30 CONTINUE $ DU 35 1=1,NT § XTEM=XTET(I)-XCG $ YTEM=YTET{I)-YCG
YTTMUL ) =YTEM*CTH-XTEMESTH=2ZM $ XTTM(1)=-(XTEM*CTH+YTEM®STH-XM)
IFCXTTMII)0LT o XMINIXTTMII)=XMIN & IFIXTTMII D aGT . XMAXIXTTM{I }=XMAX
TF{YTTMUTI YL TLYMINIYTTM(T )=YMIN $ TF(YTTMII) .GTYMAXIYTTM(1}=YMAX

35 CONTINUE

SET ADJLSTED MINIMUM AND SCALE FACTORy AND PLOT BRALLOON OUTLINE BY
CONNECTING POINTS

XBTMINB2+L)=XFTM(NF#L)=XULBDTM(NLB+L]I=XTTMINT+1)=XMIN
YBTM(NB2+1)=YFTM(NF+1)=YLBOTM{NLB+1)}=YTTM{NT+1)=YMIN
XBTM(NB2+2}=XFTM{NF+2)=X_BDTM{NLB+2)}=XTTHM{NT+2)=SCALE
YBTMINB242)=YFTMINF+2)=YLBOTM(NLB+2)=YTTM(NT+2}=5CALE
CALL LINE{XBTMyYBTMNB2,140s1,.1)}

CALL LINE{XFTM,YFTM,NF,1,041,.1)

CALL LINE(XLBDTM,YLBOTMsNLBelyOslyal)

CALL LINE(XTTM,YTTM NT,1.0,1,.1)
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ORAW X AND Z AXES FOR EQUILIBRIUM BALLOON POSITION

CALL LINE(XAXEysYAXE+2:1+0,1,.11}
CALL LINE(XAXE(S5)4YAXE(S5)+2+140+1,.1)

PLOT C G PGSITICN FGR TIME FRAME
40 XMG==(XMIN-XM)*RSCLSYMG=={YMIN+ZMISRSCLS CALL PNTPLT(XMG,YMG,y11,1)
SRIFT PLOT DRIGIN IF ISHIFT IS ©

IF(ISHIFT cEQuO)CALL CALPLT(XSHIFT¢Gas=3)
50 CONTINUE

SHIFT FLOT ORIGIMN AND CHECK FOR NEXT CASE
CALL CALPLTU{{AXESL+XS5HIFT)y0.,-3) $ GO TO 10

999 CALL CALPLT (045044999}
END PROGR AM CALBALM
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PROGRAM FOR PLOTTING LATERAL MODES OF MOTION

Program CALBLM2 plots the lateral modes of motion in similar fashion to that
described for the longitudinal program. The organization of this program is basically
the same as that for the longitudinal pregram. However, the additional complication of
treating the rolling motion about the stability axis requires the z-coordinates of the com-
ponents to be given in addition to the x- and y-coordinates. The apparent shape of the
balloon must also be altered as a result of the trim pitch angle. Roll displacements are
treated as linearized displacements and the hidden portion of the top fin is deleted in
approximate fashion. The eigenvector is normalized by yaw angle 4. An example of a
plot generated by this program is given in figure 6,

Figure 6.- Example of plot from program CAL3LMP.

The four input-data cards are essentially the same as for the longitudinal program
with the following exceptions: For Card 2, the third through eighth 10-column fields

contain

YREAL real part of y-component of eigenvector normalized by Y, m/deg

YIMAG imaginary part of y-component of eigenvector normalized by ¥, m/deg

PRE;A.L real part of ¢-component of eigenvector normalized by v,
nondimensional

PIMAG imaginary part of ¢-component of eigenvector normalized by ¢,
nondimensional

SREAL real part of y-component of eigenvector, normally 1.0

SIMAG imaginary part of ¥ -component of eigenvector, normally 0.0

For Card 3, the variable AMPL refers to the initial yaw angle 4y, in degrees.
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Listing of Input Data Cards for Sample Case

AXRESRERR RN bk d bkt hddhkcdd COLUMN NUMBER whdhddddddbddhh bbb hdh b h bbb wd
000000000111111111122222222223353333333LL404ULLLLYL5555555555666666666677777777778
123456789012345678901234567890123456789012354567890123456789012345678901234567890

LRC BALLOON - REFERENCE CONFIGURATION - MODE 2 AT V=20 M/S, ROOT=-,089+.407~]|
-.088919 40736 -.23446 -.80L88 .003732 -.0159892 1. 0.
12. 5.980 30.848 2.5
9 0 1 0
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Listing of Program

OVERLAY{CALBLM2,40,0)
PROGRAM CALBLMZ (QUTPUT=1.INPUT=1,TAPES=INPUT)

CHPARAER I REDRRRR BRE SRR R R R E ARG KRR RS REKRRB KK RES R AR KRR RER AR Sk AR kP SR SR RSN AR K
C*
C* PROGRAM A28£4.6 - LATERAL EIGENVECTOR PLOTTING PROGRAM
C* PLCTS C G POSITICN AND/OR BALLOCN OQOUTLINE FOR A SINGLE MODE OF
C= MOTICN FOR SELECTED INCREMENTS OF TIME
C* SEE SUBROUTINE WRITEUPS FOR DESCRIPTION OF CALPLT.NOTATE,LINE, DR
C= PNTPLT — LERQY SLOWS PLOTTER FOR DRAWING WITH INK
C#
R L R T T L L s e RS T 2T R P e
DIMENSION XBALIGO)wXFINUL1O by XLBANDU&4H) «XTETL6) yXAXE(8)

vDAY{2) ) YBAL{46) 4 YFIN(16) «YLBAND(46),YTET{6) ,YAXE(B)

v IBALTU4B)+ ZFIN(L &)+ ZLBAND( 46 ) 2 ZTETE6) yZAXEL &)
s ICIB) s XBTMI 48 4 XFTM(24), XLBDTM{ 4B}, XTTM{10) XTRIM(114)
¢ INI2),YBTHM({ 4B}, YFTM{ 24} YLBOTM( 4B, YTTMI10) ,ZTRIM(114])

DATA AI/6H{8ALO)/,F10/8H{8FL10.0)/,A0/10H(/X10410/)/
DATA I4,AOW/6H12014),TH(13A10)}/
DATA RGT/.125/7/+AXESL/10./+4ISHIFT/0/
DATA DEGRAD/ «0174532625193433/

L B B BE IR Y

+
+
+
+

DATA FTPERM/3,.,280839895/ ST UNITS
c
C CATA FOR LRC BALLCON IN FEET
C PBALLCCN DATA IS FOR NOSE FACING LEFT - TURNED AROUND IN CALCULATIONS
C

DATA NByNFyNLByNT/23,16+23,6/

DATA (XBALII)sI=1923)/0ev 012 e071e2+¢339e5+3673Le9le339167124s

¥ 2033924679341 3e339%41%4a6T1543346.6798499433910.51425./

DATA (YEBAL{I)»I=1423)/0eral2++%45549511433,7172+2.0342.5272.88,

+ 3.1893.4293.€6313.7793.8793.6574.009%01444.1844.13,3.99,3.78,

+ 3.57y 337

DATA 2BAL/46%0.7

ODATA XFIN/LT 2229254934250 02%17422+25493925442%17422125:493:2254

+ 2% 174229254534254417.22/

DATA YF[N/‘O*OO'z-O?v"uZB! -33!2008|4*0;1-2. 071-4-25!_033 l-2007/

CATA ZFIN/—2.07 3 %2254-0334—2.0744%0.9220T714.255.33,2.07,4%0./

OATA (YLBANDUI)ei=1+23)/700324255095514699241612¢592¢78724964+3.09,

+ 3219933253421 3.4T7430419302342.09T92e71222541e5331.073e634.27907

DATA (XLBANDU(I)+I=1+423)7489+09291ler1e23+146732¢12¢3372¢6T434y

+ 3.23,4.44.06795233960.56T798¢99433410.514124914%4915.915.73,15.98,

+ 16.0¢/

DAT2 ZLBAND/46%2.333333333333/

DATA XTET/2¢€%9149413+12264413479,4,13,13.,79/

DATA YTET/2.9390a1-2.934¢1.62+049~1.62/

DATA ITET/2432+12.5142%2.33412.5192.33/

DATA AMC/15.427 yYMC/0./4XCG/14.32/3YCG/ 0/ 420G/ 29/

DATA XMINoXMAXy YMIN;YMAX/ =606 15049-60495047
[
C REFLECT BALLOUN HALF-PROFILE, INITIALIZE PLOTTING ROUTINES, COMPUTE
C SCALING PARAMETERS, AND SET CRIGIN FOR INITIAL FRAME
c

NLB1=NLB+1 & NLEZ2=NLB+NLB & DO 101 I=NLB14NLB2
IB=NLB2+1-]1 $ XLBANDI{I)=XLBAND(IB)

101 YLBANLC(I)=—YLBAND(I3) .
NTOT=2*NB+NF+ 2R A _E+NT 8 NT2=NT/2 $ NF4=NF/4
NRB1=NB+1$ NB2=NB+NB$ DO 1 I=NBl,NB2% [B=NB2+1-1% XBAL(]!)=XxXBAL(ISB)

1 YBAL([)=—=YBAL(IB)

SCALE=(XMAX-XMINJ/AXESL $& RSCL=1. /SCALE $ ZER=.25
XAXE{1)==10, ¢ XAXE{2)=10, $ XAXE(3}=XAXE(T)I=XMIN
XAXE(SI=XAXE[6)=0a4 & XAXE(4)=XAXE{(8)=SCALE
YAXEL{Ll)=YAXE({2)=D. % YAXE(3)=YAXE(T7)=YMIN
YAXE(4)=YAXE{B8)=SCALE & YAXE(5)=—10. $ YAXE{6)}=10.
CALL CaALCCMP 8 CALL CALPLT(ZER,ZERy~3) $ CALL LERODY

104



(aRaly] [aXeEnNe]

[aXakel laNaNaNgl

o

s alel

GOOOoo0On (el e el

READ INCENTIFICATICN ARRAYs CALL FUR DATE AND TIME, AND PRINT AND
WRITE AT THE BOTTGM OF THE FIRST FRAME

10 REAC AI, 1D % IF(EOF,51999,11
11 CALL CAYTIM(DAY) $ PRINT AD.10,0AY
CALL NOTATE(Q.y0.+HGTyID»0.,801
READ EICENVECTOR-MCTION 0OATA, TRIM PARAMETERS: AND FRAME DATA

REAC FLO,ROOTRyROOTISYREALsYIMAG4PREALyPIMAG,SREAL, SIMAG

REAC FLlOAMPLTRIMA,TIME,XSHIFTS READ I14yNFRM, ISHIFT,MO0BAL ,INIMOD

INIMOD=INIMOC+MCOBAL

CONVERT DISPLACEMENT TO FEET, SCALE TIME, AND COMPUTE MAGNITUDES AND

PHASES OF MUDAL COMPANENTS

OT=.CE25%TIME $ AMFL=DEGRAC#*AMPL

OTW=0T*ROOT! & DTR=DT*ROOTR

TH=DEGRAD*TRIMA $ CTH=COS{TH) 3 STH=SIN{TH]
YABS=SQRT{YREAL#**Z2+YIMAG**2)/DEGRAD $ PHIY=ATANZ(YIMAG,YREAL)
YAB5=FTPERM®YABS

PABS=SQRT (PREAL*%:2+PIMAG#*#*2} $ PHIP=ATAN2(PIMAG,PREAL]
CPY=COS({PHIY) & SPY=SIN(PHIY) $ CPP=COSIPHIP) & SPP=SIN(PHIPI

ROTATE BALLOGON IN PITCH TO TRIM ANGLE

DO 15 I=1,NTOT $ XTEM=XBAL(])-XCG $ ZITEM=28aL{1)1-2C6
XTRIM{I)=—XTEMECTH+ZTEM*STH
15 ZTRIM{IV=XTEM*STH+ZTEM*CTH
NB21=NB2+1
ZTRIM(NBZ2LI=2TRIMINBZL#3)=ZTRIM(NB2L) +{ XTRIMINBI=-XTRIM(NB21))
+ /(XTRIM{NB21+1)—XTRIMINBZY))*{ZTRIM{NB2+2)-2ZTRIMINB21})
XTRIM{NBZL)}=XTRIMINBZ21+3}=XTRIM(NB)

50-L0O0F IS TIME-FRAME LODOP
O0 50 NTS=L,NFRM $ N=NTS5-1
CALCULATE MOTICN FCR TIME FRAME
ST=SININ®*DTw) $ CT=COSIN®DTW) $ AET=AMPL¥EXPI{N%*DTR) $ SM=AET*(CT
YMu=—-LET*YABSE(LT*CPY-ST®SPY ) § PM=—AET*PABS=(CT*CPP-ST*5PP)
CS=C05(SM) & SS=SIN(SM) $ [F{ISHIFT.EQ.D)GD TO 18
IF C G FOINT CNLY IS5 DRAWN FOR THIS TIME FRAME GO TO 40
IFIFCDI(N+INIMOD MODBAL ) sNELO)GO TO 40
20-L0JF PREPARES ARRAYS FOR BALLCON OUTLINE FOR PLOTTING
25-LOCP - FINS, 30-L0O0P - LOAD BANO, ANO 35-1L00P - TETHER 3BRIOLE
POINTS OFF-SCALE ARE SET TO OUTER LIMITS OF FRAME
SET ADJULSTED MINIMUM AND SCALE FACTOR, AND PLOT BALLOON OUTLINE BY
CONNECTING PUINTS

18 DO 20 I=1,NBZ & XTEM=XTRIMI{I) $ YTEM=YBAL(I)‘ZTRIMiI)#PH
XBTM(I)=XTEMRCS+YTEM®SS § YETM([}=XTEM*SS—YTEM=®(S~YM

IFCXBTMOI) sLToXMINIXBTMET I=XMIN & TF(XBTMEL) «GTXMAXIXBTMII)=XMAX
[IFCYBTM{I)oLT.YMINIYBTM{T)=YMIN & JF(YBTMIT}.GT.YMAX)YBTMITI)=YMAX

20 CONTINUE
XBTM{NBZ+L)=xXMIN $ XBTM{NB2+2)=SCALE
YBTHM(NB2+1)=YMIN & YBTM{NB2+2)=5CALE
CALL LINE(XBTMyYBTMyNBZ2y1e04ls.l)
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DO 28 IF=1,4 % K=1+(IF-1)=*NF4
DO 25 J=1 NF4 8§ [=J+K+2%{IF=1)=1 $ [I=NB2+J+K-1
XTEM=XTRIM{II) $ YTEM=YRAL{II1)-ZTRIMIII)*PM
XFTM(I )=XTEMRCS+YTEM®RSS & YFTM{])=XTEM¥®SS=YTEMX(S-YM
ITFIXFTM(T) LT XMINIXFTMITI )=XMIN & IF{XFTM(I) JGT . XMAXIXFTM(I ) =XMAX
TFIYFTMIT) LT oYMINIYFTMLI )=YMIN & IF(YFTMIL)aGTYMAXIYFTMII)=YHAX
25 CUNTINUE
XFTM{I#1)=XMIN $ XFTM{I+2)=SCALE
YFTM(I+1)}=YMIN & YFTM{T+2)=SCALE § K]=K+2%(]F=1)
28 CALL LINE(XFTM{KI}+YFTMIKI)sNF4,1¢091l2.1)
DO 30 I=1,NLBZ2 $ ITI1=1+NB2+NF
XTEM=XTRIM{II) ¢ YTEM=YBAL(II}-2TRIMIII)I*PM
XEBLTMII)=XTEM®CS+YTEM®SS $ YLBDTM{ I} =XTEMESS-YTEMXL S=YM
IFUXLBDOTMII) LT oXMIN)XLBDTM{I)=XMIN
IF(YLBOTM{I) LT YMINIYLBOTMLI}=YMIN
IFCXLBDTM(I) 6T JXMAX)IXLBDOTMI{ [)=XMAX
IFCYLBOTM{I ) .GTYMAXIYLBOTMIT)=¥YMAX
30 CONTINUE
XLBDTMINLBZ#1)=XMIN & XLBOTM{NLB2+2)=SCALE
YLBDTMINLB2+2)=YMIN $ YLBDTMINLB2+2)}=SCALE
CALL LINE(XLBDTM,YLBDTMyNLBZ24140,13.1)
DO 38 IT=142 & K=1#{IT=11&NT2
DO 35 J=1NT2 $ I=J+K+Z2%{[T-1)-1 $ [I=NB2+NF+NLB2+J+K—-1
XTEM=XTRIMI{II) $ YTEM=YBALIII)}-ZTRIMIII)I%PM
XTTM(I)=XTEM*CS+YTEM®SS & YTTM{])SXTEMXSS—YTEM*CS~YM
IFEXTTMII) oL ToXMINIXTTMIII=XMIN & IFIXTTMII) oGTLXMAXIXTTM(I ) =XMAX
TFOYTTM{TI) LJLTLYMINIYTTMII)=YNIN & IF(YTTM{I)}.GT.YMAXIYTTM(I)=VYMAX
35 CONTINUE
XKTTM{1#1)=XMIN & XTTM{I+2)=SCALE
YTTH(I+1)=YMIN & YTTM{I+2)=SCALE $ KI=K#+2%([T-1)
38 CALL LINE(XTTMIKID oYTTMIKIFsNT2y190slrel)

E LRAW X AND Y AXES FOFR EQUILIBRIUM BALLOON POSITION
¢ CALL LINEC(XAXE, YAXEs24140s15.4l1}

CALL LINE(XAXEUS)yYAXE(S5) 9241409141}
E FLCT C G POSITION FOR TIME FRAME
¢ 40 XMG=—XMIN®RSCL $ YMO=—(YMIN+YM}*RSCL & CALL PNTPLT(XMG,YMGy1lls1)}
E SHIFT PLOT ORIGIN IF ISHIFT IS O
¢ IF{ISHIFT LEQ.O)CALL CALPLT(XSHIFT,0.,=3)

50 CCNTINUE

g SHIFT PLCT ORIGIN AND CHECK FOR NEXT CASE
z CALL CALPLT({AXESL+XSHIFT),0.,~3) § GO TO 10

999 CALL CALPLTU(O+s04+999)
END PROGR AM CALBLM2

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., April 9, 1973.
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APPENDIX
DESCRIPTIONS OF SELECTED SUBROUTINES

Basic Subroutines

Usage descriptions are given for several of the basic subroutines called by the
programs of this report. Subroutines QUADET and ROMBERG were written by the
authors. The versions of REIG and MATRIX given herein are modified versions of the
LRC computer system library. The subprograms CXINV, DAYTIM, RECIN, and
RECOUT are LRC computer system library subroutines. Note that listings of QUADET,
ROMBERG, REIG, MATRIX, and CXINV are given in the listing of the longitudinal pro-
gram STABLTY. The listings of the RECIN, RECOUT, and DAYTIM are not given, but
the usage descriptions are given to facilitate replacement with equivalent routines if
necessary,

In addition to the above subprograms, a FORTRAN subroutine to simulate the
COMPASS subroutine MASCNT is described and listed. The subroutine MATINV which
is called by MASCNT (simulator) is also described and listed.

The subroutines are described in the following order:

Page
QUADET .. ... . G e e e e - 108
ROMBERG . . . . . . . . i e i i et i s e e s e o n s 111
REIG ... ... ...... ... e e e e e 113
MATRIX ., . . i it i s e et et e et e e e s e e e v an 115
CXINV . ... ..... . e e e e “e . 117
RECIN ., ........ e e s s e e s e s e e s e e e e 119
RECOUT . . . . . it it et e i e e e e e e e e s 121
DAYTIM ., . . .t s e ettt e e e e s e et e en s 124
MASCNT . . 4 v v v v v b v o st ot v s s e e 126
MATINV ., . . it e e e et e e e et e e e v e a e o 128
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LANGUAGE:
PURPOSE:

USE:

RESTRICTIONS:

108

APPENDIX - Continued

Subroutine QUADET
FORTRAN and COMPASS

To convert an n Xn matrix equation, [A]a2 + [B]x + [C]=0,
toa 2nX2n matrix equation of standard eigenvalue form,
[E]-A[1]=0.

CALL QUADET (A, B, C, NMAX, NMAX2, N, IOP, EIGDET, CNO)

A

NMAX

NMAX2

I0P

EIGDET

CNO

A two-dimensional input array containing the
coefficients of A2, The matrix is not destroyed.

A two-dimensional input array containing the coef-
ficients of X. The matrix is not destroyed.

A two-dimensional input array containing constant
coefficients. The matrix is not destroyed.

Column length (number of rows) of A as dimen-
sioned in the calling program.

Column length (number of rows) of EIGDET as
dimensioned in the calling program.

The order of A, B, and C.

An integer, 10 or 11 supplied by user to select
option for calculating the condition number of A:
IOP = 10 Condition number of A is calculated.
IOP =11 Condition number of A is not

calculated.

The two-dimensional eigenvalue output array.

CNO is the Turing condition number of A, If 0.0
is returned from MASCNT for the determinant
of A (singular A), CNO=-1.

Arrays A, B, C, and EIGDET are used with variable dimen-
sions in the subroutine. The maximum size in the calling
program must be A (NMAX, N), B (NMAX, N), C (NMAX, N),
EIGDET (NMAX2, NMAX2); NMAX2 z 2 *NMAX. A must
be nonsingular. Restricted to real arrays.



APPENDIX - Continued

METHOD: The nxn system [A]A2 +[B]r +[C]=0 is equivalentto
the 2n X 2n system (refs. (a) and (b)). [E} - A[I] = 0, where
~ , ‘]
-algoatlc!
[E] = ==nccmmn- |

QUADET performs these matrix manipulations within the
storage allocated for EIGDET. The matrix solutions are
obtained from a matrix routine written in COMPASS

(ref. (c)). The arrays A, B, C, and EIGDET are treated as
one-dimensional arrays. A, B, C are transferred into loca-
tions (NMAX2 **2-3 *N *N) through (NMAX2 **2) of EIGDET.
MASCNT is called and A-1B is returned in the location of B
and A-1C is returned in the location of C in EIGDET. If

ICP =10, A-l is returned in A and Turing's condition number
defined as )

Ca - flall*a v

is calculated. The matrices [A~1B), [A-1C], [1], and [0]

are then transferred to the upper left 2n X 2n portion of
EIGDET and the remainder of EIGDET filled with indefinites
{¢ 1777 0000 0000 0000 1777) such that EIGDET is returned as

e NMAX2 — =]
NN

: 177
N |-ate|-aie ]/
Jf———|~ %INDEF

.

NMAX:Z

e N —]

[EIGDET] =
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ACCURACY:

REFERENCES:

STORAGE:

SUBPROGRAM USED:
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The number of figures lost in the operations A-1B and A-1C can
be estimated as log1g(CNO) where CNO is condition number
of A.

(a) Pipes, Louis A.; and Hovanessian, Shahen A.: Matrix-
Computer Methods in Engineering. John Wiley & Sons,
Inc., ¢.1869, pp. 265-267,

(b) Frazer, R. A.; Duncan, W. J.; and Collar, A. R.: Elementary
Matrices. Cambridge Univ. Press, 1960, p. 289.

(c) Anon.: Control Data 6000 Series Computer Systems Matrix -
Algebra Subroutines Reference Manual, Publ,
No. 60135200, Control Data Corp., June 1966,

(d) Marcus, Marvin: Basic Theorems in Matrix Theory. Nat.
Bur. Stand. Appl. Math. Ser. 57, U.S, Dep. Com., Jan. 22,
1960, p. 21. (Reprinted 1964.)

QUADET 3334

MASCNT 431g

LABELED COMMON  1130g - /IROW/IROW(300)
/1ICOL/ICOL(300)

MASCNT
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Subroutine ROMBERG

LANGUAGE: FORTRAN
"PURPOSE: To integrate the function FUN(X) between the limits A and B.
USE: CALL ROMBERG (SUM, A, B, FUN, EPS)

SUM The computed value of the integral.

A The lower limit of integration,

B The upper limit of integration.
FUN The name of the integrand function.
EPRS Relative error criterion.

An example of the usage follows. A segment of the program
' b
to evaluate S‘ cos{t? + p) dt might be:
a

EXTERNAL FUN

COMMON PHI

PHI=.33

A=.1

B=.275

EPS=1.E-6

CALL ROMBERG (SUM, A, B, FUN, EPS)

END

The function subprogram would be:
FUNCTION FUN(T)

COMMON PHI

FUN = COS(T *T + PHI)

RETURN

END

RESTRICTIONS: A function subprogram with a single argument must be written
by the user to evaluate the integrand FUN(X). Since
ROMBERG requires that its integrand be a function of one
argument only, any variable parameters of the integrand must
be passed to the function subprogram through COMMON. The
name of the function must appear in an EXTERNAL statement
in the calling program. (See example under USE,)
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METHOD:

ACCURACY:

REFERENCE:

STORAGE:
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This subroutine is taken with minor modifications from p. 199

of the reference. The method is described on pp. 166 to 170

of the reference. ROMBERG integration is a so-called auto-
matic method in that the routine normally returns a value of

the integral within the prescribed accuracy (see ACCURACY,
below).

Normally, iteration proceeds until

SUM; - SUM; ;| < EPS*|B-A|* Max |FUNX)
Xe[A,B]

The subroutine is dimensioned such that if the accuracy
criterion is not satisfied after 19 steps (262 144 integrand
evaluations) the best estimate of the-integral at that point is
returned and no error message is given,

Davis, Philip J.; and Rabinowitz, Philip: Numerical Integration.

Blaisdell Pub. Co., c.1967.

2548 locations
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Subroutine REIG

LANGUAGE: FORTRAN
PURPOSE: To find the eigenvalues of a real matrix,
USE: CALL REIG (A, N, NVAL, NVEC, RTR, RTI, VEC, NMAX,
: INDEX, IRUN, P, NPLUS, SAVE)
A A two-dimensional array containing the input matrix,
N The order of A; 1 £ N £ NMAX,

NVAL The number of eigenvalues desired.
NVEC Dummy parameter; not used.

RTR A one-dimensional array in which the real parts of
the eigenvalues are stored, The real eigenvalues
are stored first, and are sorted by magnitude in
decreasing order.

RTI A one-dimensional array in which the imaginary
parts of the eigenvalues are stored.

VEC Dummy parameter; not used.

NMAX  The maximum order of A as stated in the dimension
statemgnt of the calling program.

INDEX A one-dimensional array of temporary storage.
JIRUN .A one-dimensional array of temporary storage.
P A one-dimensional array of temporary storage.
NPLUS The order of A plus one; i.e.,, NPLUS =N + 1,

SAVE A two-dimensional array of temporary storage.

RESTRICTIONS:; The following arrays must be dimensioned in the calling
program as indicated: A (NMAX, NMAX), RTR (NMAX),
RTI (NMAX), INDEX (NMAX), IRUN (NMAX), P (NMAX),
SAVE (NMAX, NMAX +1). N is limited to 100. The input
matrix is not destroyed.
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METHOD:

ACCURACY;
REFERENCES:

STORAGE:
SUBPROGRAMS USED:
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The original matrix is transformed to upper Hessenberg form.
Then the eigenvalues are found using the QR transform of
J. G. F. Francis (ref. {a)).

Accuracy depends on the conditioning of A (ref, (c)).

(a) Francis, J. G. F.: The QR Transformation — A Unitary
Analogue to the LR Transformation Comput. J., vol, 4.
Pt. 1 — Oct. 1981, pp. 265-271,
Pt. 2 — Jan. 1962, pp. 332-345.

(b) Wilkinson, J. H.: Stability of the Reduction of a Matrix to
Almost Triangular and Triangular Forms by Elementary
Similarity Transformations. J. Assoc. Comput. Mach.,
vol. 6, 1959, pp. 336-359,

(c) Marcus, Marvin: Basic Theorems in Matrix Theory. Nat.
Bur. Stand. Appl. Math. Ser, 57, U.S. Dep. Com., Jan. 22,
1960. (Reprinted 1964.)

REIG 21673 locations including QRT and HESSEN,
The following subprograms are used by REIG:

QRT 5408 locations
HESSEN 431 g locations
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Subroutine MATRIX (Modified)
LANGUAGE: FORTRAN AND COMPASS

PURPOSE: Shortened version of CDC subroutine MATRIX (CDC publication
No. 60135200} for a comprehensive group of matrix operations.
This version deletes the real symmetric eigenvalue/eigenvector
options to conserve storage. In addition, Turing's condition
number is calculated for option 10.

USE: CALL MATRIX (I, M, N, K, A, KA, B, KB, C, KC)-
I - option Matrix operation
code
0 Transpose A into B (B £ A)
1 Move A into B
2 Symmetric product AT *»a = B,B packed
3 Deleted
4 Pack symmetric matrix A into B
5 Unpack symmetric matrix A into B

10 Solve D X =E with D™! returned,
A uponcall=[D} E]
A upon return = [D-1! X]

11 Same as 10 except calculation of D-1 deleted
20 Multiply A*B=C; C=A or =B is
permissible,
21 Add A+B=C
22 Subtract A-B=C
23 Transpose multiply AT*B=C
24 Scalar multiply A*B =C; A = Scalar
M Number of rows of the matrix A.
N Number of columns of the matrix A.
K Unused, = 0, except for [ =10, 11, 20, and 23.

For 1=10and 11, K = pivoting parameter

K =0, full search each pass

K =1, search Jth row on Jth pass

K = 2, no pivoting, use diagonal elements

For I =20 and 23, K =number of columns
of matrices B and C.

A Matrix A,
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RESTRICTIONS:

METHOD:

ACCURACY:

REFERENCE:

STORAGE:
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KA Column size of matrix A.

B Matrix B, or the determinant of D for I = 10.

KB Column size of matrix B.

C Matrix C, or Turing's condition number for I = 10.
KC Column size of matrix C.

For description of restrictions, see reference. However, it may
be noted that maximum number of rows or columns is 300.
Maximum dimensions in calling program must be consistent
with operations. For options 0 and '1, KAzM, KB ZN; for
options 10 and 11, N z M, KA Z M; for options 21, 22, and 23,
KA z M, KB Z M; for options 21 and 22, KC Z M; for
option 23, KA Z M. Note that for options 10 and 11, matrix A
must contain D and E of DX = E in adjacent columns.

Option 3 has been deleted for this version.

The CDC subroutine MATRIX is a FORTRAN subroutine that
computes the eigenvalues and eigenvectors of a real symmetric
matrix for option 3. For all other options, the subprogram
only sets up the call to a COMPASS subroutine, MASCNT, to
perform the matrix operations. In this version the lengthy
FORTRAN eigenvalue/eigenvector section has been deleted
to conserve storage, and the calculation of Turing's conditien
number has been added for the matrix-inversion option. See
reference for further discussion of methods.

Applicability depends on matrix operation. For matrix inversion
and simultaneous linear equations, the loss of significant fig-
ures can be estimated from logig(CNO) where CNO is Turing's
condition number defined as:

CNO = |[AH*”A'1”/N

Anon.: Control Data 6000 Series Computer Systems Matrix
Algebra Subroutines Reference Manual. Publ. No. 60135200,
Control Data Corp., June 1966.

MATRIX (Mod.) 1324
MASCNT 431g
LABELED COMMON 1130g - /TROW/IROW(300)

/ICOL/ICOL(300)
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Subroutine CXINV
LANCUAGE: FORTRAN

PURPOSE: To solve the complex matrix equation AX =B where Ais a
square complex coefficient matrix and B is a complex matrix
of constant vectors. The solution to a set of simultaneous
equations, the matrix inverse, and the determinant may be

obtained.

USE: CALL CXINV (A, N, B, M, DETERM, IPIVOT, INDEX, MAX,

ISCALE)

A A two-dimensional complex array of the coeffi-
cients. On return to the calling program, A
contains the matrix inverse.

N The order of A; 1 =N = MAX

B A two-dimensional complex array of the constant
vectors B. On return to the calling program,
B contains the X values.

M The number of column vectors in B. If M =0,

there is no solution of the simultaneous equa-
tions; however, there must be an entry for B in
the call statement.

DETERM Gives the complex value of the determinant by the
formula:

DET(A) = (10100SCALE (hprpRp)
IPIVOT A one-dimensional integer array of temporary
storage.
INDEX A two-dimensional integer array of temporary
storage.
MAX The maximum order of A as stated in the dimen-

sion statement of the calling program.

ISCALE A scale factor computed by the subroutine to keep
the results of computation within the floating
point word size of the computer.
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RESTRICTIONS:

METHOD:

ACCURACY:

REFERENCE:

STORAGE:
SUBPROGRAMS USED:

118

APPENDIX - Continued

The calling program must dimension arrays as indicated:
A (MAX, MAX), B (MAX, M), IPIVOT (MAX), INDEX (MAX, 2).
It must also type A, B, DETERM as COMPLEX.

The input matrices A and B are destroyed. On return to the
calling program the inverse of A is in A and X is in B.

Jordan's method is used to reduce the matrix A to the identity
matrix I through a succession of elementary transformations:
iy &n-1, .. . ¢ *A =1, U these transformations are simul-
taneously applied to I and to the matrix B of constant vectors,
the results are A-1 and X where AX = B.

Each transformation is selected so that the largest element is
used in the pivotal position.

Total pivotal strategy is used to minimize the rounding errors;
however, the accuracy of the final results depends upon how
well-conditioned the original matrix is.

Fox, L.: An Introduction to Numerical Linear Algebra. Oxford
Univ. Press, 1965.

721g locations

Library: CABS
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Subroutine RECIN

LANGUAGE: COMPASS
PURPOSE: To read binary records written by the subroutine RECOUT.
USE: 1, Type 1 ~ Individual elements {not arrays)

CALL RECIN (LUN; IT; ICOUNT; L1, L2, . .., LN) where

LUN = logical unit number
IT =type =1

ICOUNT = location reserved by the user, RECIN will store
the following information in this location:
0 = end-of-file; nonzero = number of words actu-
ally in the logical record. If the end-of-file flag
was written by a call to RECOUT with IEOF =1,
then end-of-file testing must be done by testing
ICOUNT for 0. If the end-of-file was written by an
END FILE statement, then testing for end-of-file
must be done by the IF (EOF, LUN) statement.

L1, L2, , .., LN = individual list elements,
2. Type 2 — Arrays

CALL RECIN (LUN, IT, ICOUNT, ARRAY, IFIRST, ILAST,
INC) where '

LUN = logical unit number
IT = type = 2

ICOUNT = 0 = end-of-file; nonzero = number of words actually
in the logical record {See ICOUNT under type 1)

ARRAY = array name
IFIRST = first subscript
ILAST = last subscript
INC = increment

EXAMPLES: 1. CALL RECIN (1, 1, K, A, B, ARRAY(1), ARRAY (2))
Read a record from logical unit 1 into A, B, ARRAY(1) and
Array (2). Note that if the record contained only 3 words, K
would equal 3 and ARRAY(2) would be unaltered.
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RESTRICTIONS:

METHOD:

ACCURACY:
REFERENCE:
STORAGE:
OTHER CODING

INFORMATION:
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2. CALL RECIN (1, 2, K, ARRAY, 1, 39, 2)
Read 20 words from logical unit 1 into
ARRAY(1), ARRAY(3), . . ., ARRAY(39).

If RECIN is used on a file, the only other FORTRAN statements
which may be used on that file are REWIND and IF (EOF, i).

The buffer size must be at least 2001g.

RECIN must be used to read files written by RECCUT and only
by RECOUT,.

RECIN reads into a central memory buffer physical records
written by RECOUT, then passes to the user the requested
logical record via a list giving the elements of the desired
logical record. RECIN is analogous to a FORTRAN bhinary
READ statement.

Not applicable.
None.
315g locations

Day file diagnostics and their meaning:

(1) UNASSIGNED FILE MEDIUM FILE TAPEnn — No FET
exists for this file. Every {file has a file environment table
that contains information describing the file to the svstem.
This error would probably be caused by the file not being
defined in the PROGRAM card or the user accidentally over-
writing portions of his program.

(2) BAD TYPE — The IT parameter was not 1 or 2,

(3) UNCHECKED END FILE - The program attempted to read
past EOF without testing for EQF.

(4) READ/WRITE SEQUENCE ERROR — An attempt was made
to read after writing.
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Subroutine RECOUT
LANGUAGE: COMPASS

PURPOSE: To write short binary records on a disk or tape in an optimum
manner to increase peripheral processor and central processor
efficiency. These records are to be read by RECIN.

USE: ‘ RECOUT may be used for either tape or disk files.

1. Type 1 — Individual elements (not arrays)
CALL RECOUT (LUN; IT; IEOF; L1, L2, . . ., LN) where

LUN = logical unit number
IT =type =1

IEOF =1 if an end-of-file flag is desired, otherwise it
must be zero. There are two methods by which
the user may end his file, One method is to call
RECOUT with IEOF =1 when the last data
record is written. This will cause an end-of-file
flag (a short length record of less than 51219CM
words) to be written. RECIN is programed to
sense this and will set ICOUNT =0 when sensed.
If this method is used, the user must set IEOF =1
when outputting his last data record since RECOUT
should not be called with an empty list. For all
other calls to RECOUT, IEOF must be set = 0.

- The other method of ending the file is to use the
END FILE statement. This is the most convenient
way of ending the file.

L1, L2, ..., LN = individual list elements.

2. Type 2 — Arrays
CALL RECOUT (LUN, IT, IEOF, ARRAY, IFIRST, ILAST,
INC) where

LUN = logical unit number
IT =type =2

IEOF =1 if an end-of-file desired
=0 no end-of-file
See explanation under type 1.

ARRAY = array name
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IFIRST = first subscript
ILAST = last subscript
INC = increment

EXAMPLES: (1) CALL RECOUT (1, 1, 0, A, B, ARRAY(1), ARRAY(2))
Write a record on logical unit 1 containing A, B, ARRAY(1),
ARRAY(2).
(2) CALL RECOUT (1, 2, 0, ARRAY, 1, 20, 1)
Write a record containing ARRAY(1) through ARRAY(20). This
is equivalent to WRITE(1) (ARRAY(I), I=1, 20).
RESTRICTIONS: If RECOUT is used on a file, the only other FORTRAN state-
ments which may be used on that file are REWIND and END
FILE.

The buffer size must be at least 20018. A normal FORTRAN
buffer is this size.

FILES written with RECOUT must be read with RECIN.

If the list to be written in a logical record is larger than
51113CM words, then RECOUT offers no advantage and should
not be used.

If the programer wishes to write a file containing multifiles
using RECOUT, then he must end each file by setting IEOF = 1
and not by using the END FILE statement. Consequently, he
should then test for end-of-file in RECIN by testing ICOUNT
for zero.

METHOD: Under the CDC SCOPE 3.0 cperating system each binary write
commanded by the FORTRAN statement WRITE (LUN) ...
causes one or more physical records to be output to either a
disk or tape file. If the logical record size written by the
programer is small and the number of records processed is
large, then excessive usage of I/0 routines and equipment
results. To decrease this I/0 time, RECOUT blocks binary
data into an optimum record size (512190CM words) in a central
memory buffer before transmitting it to the actual disk or tape

file.
ACCURACY; Not applicable,
REFERENCE: None.
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STORAGE: 340g locations
OTHER CODING Day file diagnostics and their meaning:
INFORMATION: (1) UNASSIGNED FILE MEDIUM FILE TAPEnn — No FET

exists for the file, Every file has a file environment table
that contains information describing the file to the system.
This error would probably be caused by the file not being
defined in the PROGRAM card or the user accidentally over-
writing portions of his program.

(2) BAD TYPE — The IT parameter was not 1 or 2.

{3) BUFFER TOO SMALL — The buffer size was less than
2001g.

{4) BAD PARAM COUNT - The number of parameters in the
call was illegal.

(5) WRITE/READ SEQUENCE ERROR - A write request was
made after a read request.
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Subroutine DAYTIM
LANGUAGE: COMPASS i

PURPOSE: The purpose of this subroutine is to provide the current date
and time of day to a central memory program.

USE: The subroutine may be called from a FORTRAN program using
the following sequence: :

CALL DAYTIM (RESULT, JUDATE)

RESULT = A single subscripted array dimensioned by
twe (2). The current date will be returned in
RESULT(1) and the current time of day will be
returned in RESULT(2).

JUDATE = An optional parameter. JUDATE need not be
supplied. If it is, the Julian date will be returned
in the memory cell named JUDATE. If JUDATE
is not specified, then the Julian date will not be
returned.

The date, the time, and the Julian date will be in display code
in the following formats:

DATE: b MM/DD/YY

L I-—-—*Year
Day

Month

Blank

TIME: b HH. MM. S

] | L Sseconds

Minutes
Hours
Blank

JULIAN bbb YY DDD bb
DATE: ‘ L l————BIan.ks

Day
Year
Blanks

Each value may be printed using an A10 format in a FORTRAN
program.
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RESTRICTIONS: Whenever the 6000 system is deadstarted, the operators key in
the date and the current time of day. It is the date and the
current time of day based on the initial date and time of day
keyed in by the operator that are returned to the calling

program.

METHOD: The subroutine uses the macros supplied by CDC with Scope 3.0
to obtain the current date, time of day, and Julian date.

STORAGE: 3lg
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Subroutine MASCNT (Simulator)
LANGUAGE: FORTRAN

PURPGCSE: Simulate the COMPASS language subroutine MASCNT with a
FORTRAN subroutine for use with options 10 and 11 of
FORTRAN subroutine MATRIX (options 10 and 11 are for
matrix inverse and solutions of linear equations, DX = E).

USE: CALL MASCNT (KR, A, B, C)

KR An integer array that contains seven of the formal
parameters of subroutine MATRIX. The usage
for this version of MASCNT is:

MATRIX
parameter Definition
KR(1) I Unused option parameter;
I of 10 of MATRIX is
assumed
KR(2) M Number of rows of A
KR(3) N Number of columns of A
KR(4) K Unused pivoting parameter;
full pivoting used by
MATINV
KR(5) KA Maximum number of rows of
A as dimensioned in calling
program
KR(6) KB Unused
KR(7) KC Unused
A A single two-dimensional array containing the two-

dimensional matrix of coefficients and the two-
dimensional matrix of column vectors. For

DX = E, the first M columns of A must contzin D
and the adjacent (M + 1) to N columns must contain
E. Upon return to the calling program, the loca-
tions of E contain the solution vectors. D is
destroyed and the inverse of D is returned in D.

B The determinant of D,
C Unused.
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RESTRICTIONS:

METHOD:

ACCURACY:
REFERENCE:

STORAGE:

SUBPROGRAM USED:

APPENDIX — Continued

The array A must be dimensioned in the calling program as:
A (KA, MAX), MAX 2 N. The original matrix D is destroyed.
Although this version of MASCNT can be used with MATRIX
option 11, the inverse of D is always obtained., N = 150,

Subprogram sets up a call to FORTRAN subroutine MATINV to
perform the matrix operations (see description of MATINV).
Common blocks IROW and ICOL are used for the temporary
storage required by MATINV.

See description of subroutine MATINV,

Anon.; Control Data 6000 Series Computer Systems Matrix
Algebra Subroutines Reference Manual. Publ. No. 60135200,
Control Data Corp,, June 19686,

MASCNT (Sim.) 66g

MATINV 5428

LABELED COMMON 1130g - /IROW/IROW(300)
/ICOL/ICOL(300)

MATINV

SUBRCUTINE MASCNT(KR,a,B,C}

OO0 0

FOGRTRAN SIMULATOR FOR CDC MATRIX PACKAGE COMPASS LANGJAGE SUBROUTINE
MATRIX CPTIONS 10 AND 11 ONLY

COMMCN/IROW/IROW{300)/1CAL/ICCLI300)
DIMENSION KR (1) 4A(1)
NS=14KR(2}*KR (5]

M=KR{3}-KR(2)

CALL MATINV (A¢KR(2)}4A{NS) ¢MsB,) IROW, ICOLsKRI5),y I5)
B=10#**(100*IS)*B

RETURM

END SUBKOUTINE MASCNT
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LANGUAGE:
PURPOSE:

USE:
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Subroutine MATINV

FORTRAN

MATINYV solves the matrix equation AX =B where Aisa
square coefficient matrix and B-is a matrix of constant vec-
tors. The solution to a set of simultanecus equations, tae
matrix inverse, and the determinant may be obtained. If the
user does not want the inverse, use SIMEQ for savings in
time and storage. For the determinant only, use DETEYV,

CALL MATINV (A, N, B, M, DETERM, IPIVOT, INDEX, NMAX,

ISCALE)
A

DETERM

IPIVOT

INDEX

NMAX

ISCALE

A two-dimensional array of the coefficients.
On return to the calling program, Alis
stored in A.

The order of A; 1 =N = NMAX

A two-dimensional array of the constant vec-
tors B. On return to calling program, X is
stored in B.

The number of column vectors in B. M =0
signals that the subroutine is used solely for
inversion; however, in the call statement an
entry corresponding to B must still be
present.

Gives the value of the determinant by the fol-

lowing formula:
DET(A) = (10100)ISCALE (DETERM)

A one-dimensional array of temporary storage
used by the routine,

A two-dimensional array of temporary storage
used by the routine.

The maximum order of A as stated in the
dimension statement of the calling program.

A scale factor computed by the subroutine to
keep the results of computation within the
floating point word size of the computer.



RESTRICTIONS:

METHOD:

ACCURACY:

REFERENCE:

STORAGE:

APPENDIX - Continued

Arrays A, B, IPIVOT, and INDEX are dimensioned with variable

dimensions in the subroutine. The maximum size of these
arrays must be specified in a dimension statement of the
calling program as: A (NMAX, NMAX), B (NMAX, M),
IPIVOT (NMAX), INDEX (NMAX, 2). The original matrices,
A and B, are destroyed. They must be saved by the user if
there is further need for them.

The determinant is set to zero for a singular matrix.

Jordan's method is used to reduce a matrix A to the identity

matrix I through a succession of elementary transformations:
iny ln-1, -« ., 11 *A = I. If these transformations are simutl-
taneously applied to I and to a matrix B of constant vectors,
the results are Al and X where AX = B. Each transforma-
tion is selected so that the largest element is used in the
pivotal position.

Total pivotal strategy is used to minimize the rounding errors;

however, the accuracy of the final results depends upon how
well-conditioned the original matrix is.

Fox, L.: An Introduction to Numerical Linear Algebra. Oxford

Univ. Press, 1965,

542g locations.
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'SUBROUTINE MATINV(AN+BsMyDETERM, IPIVOT, INDEXs NMAX, [SCALE} MAT10010

c MATIO00Z20
C MATRIX INVERSICN wlTH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS M2TI0030
C MATIO0040
DIMENSICN IPIVOT(N} ,A(NMAXyNI4sBINMAXy M}, INDEX{NMAX, 2} . -MAT {0050
EQUIVALENCE {IRCwWsJFOW)s (ICOLUM,JCOLUM), (AMAX, T, SHWAP) MATIOO60

c MaTIDOTO
c INITIALIZATION MATIOOBO
c MATIOO090
5 ISCALE=0 MATIOL100

6 R1=1C.0%%]100 MATIOL110

7 R2=1.0/R1 MATIO120

10 DETERM=1.0 MATIOL130

15 00 20 J=1.N MATID140

20 IPIVAT(4)=0 MATIOL50

30 00 550 I=14N MATIOL 60

c MATIOL170
C SEARCH FOR PIVOT ELEMENT MATIOLS80
C MATIOLSO
40 AMAX=0.0 MATI0200

45 DO 1G5 J=1,N MATIO0Z210

50 IF (IPIVOT(J)-1) 60, 105, 60 MAT 0220

60 DU 1CO0 K=1,N MATI0230

70 IF {IPIVOT{KI)I~-1} 80, 100, 740 MAT 10240

BO IF {ABS({AMAX)-ABS(A(J,K1))B5,100,100 MATIO250

85 IRQW=J MATI0260

90 ICOLLM=K MATIOZ270

S5 AMAX=A(J.K)} MAT 10280
100 CCNTINUE MATIO290
105 CCNTINUE MATI0300
IF tAMAX) 11044064110 MATIO310

106 DETERM=0.0 MATI0320
ISCALE=0 MATI0330

GO FO 740 MATIO340

110 IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+] MAT 10350

C MATIO360
c INTERCHANGE ROWS TO PUT PIVCT ELEMENT GON DIAGONAL MATIQ370
c MATIO0380
130 IF (IRCW-ICOLUM) 140, 260, 140 MATIO0390
140 DETERM=-DETERM MATIO40Q0
150 DO 200 L=1.N MATI0410
160 SWAF=A({IROW,L} MATI0420
170 A(IRCW,L}=A{LICOLUM,L) MATIO0430
200 ACICCLUM,L)=SHWAP MATI0440
205 [F(M] 260, 260, 210 MAT I0450
210 DO 250 L=1y M MAT L0460
220 SHWAF=B(IROW,L) MATIO4TO
230 B(IRDW,L)=B{ICCLUM,L) MATIO&480
250 BUICCLUM,L)=5SwAP MAT 20490
260 INDEX(I,1)=1ROW MATIO500
270 INDEX{I,2)=ICOLUM MATIOS10
310 PIVCT=A(ICOLUM, ICOLUM) MATIO520

C . MATIOS530
c SCALE THE DETERMINANT MATIO540
c MATIOS550
1000 PIVOTI=PIVOT MATIOS560
1005 IF{ABS(DETERMI-R1}1030,1010,1010 MATIO570
1010 DETERM=DETERM/R1 MATIO0580
ISCALE=ISCALE+] MATIOS590
IF(ABS{DETERM)-R1)1060,1020,1020 MATI0600

1020 DETERM=DETERM/R1 MATIOQ&10
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APPENDIX - Continued

ISCALE=ISCALE+1

GO0 TO 1060
IF{ARS(CETERM)-R2}1040,1040,1060
DETERM=DETERM=*R]

ISCALE=ISCALE-1
IF(ABS(DETERM)-R211050,41050,1C60
DETERM=DETEQM#SR1

ISCALE=ISCALE~-1
IF(ABS{PIVOTL)-R111090,1070,1070
PIVCTI=PIVUTI/R1

ISCALE=ISCALE+]
IF(ABS{PIVOTI}-R1}320.1080, 1C80
PIVCTI=PIVOTI/R]

ISCALE=ISCALE®]

G0 TC 320
IFLABSIPIVOTI)-R2)2000,2000,220
PIVCTI=PIVOTI®R1

ISCALE=ISCALE-]
IF(ABSIPIVOTI)-R212010,2010,320
PIVCTI=PIVOUTI®R1

1SCALE=ISCALE-1
DETERM=CETERM%PIVOTI

DIVIDE PIVUT ROW BY PIVOT ELEMENT

ACICCLUM,ICOLUMI=1.0

D0 350 L=1,N
AUICCLUM,L}=A(1COLUM,L)/PLVOT
IF(M) 380, 380, 360

DO 370 L=1,M
BIICOLUM,L)=B{ICOLUM,L)/PIVCT

REDUCE NCON-PIVOT ROWS

DO 550 L1l=1sN .
IF(L1-ICCLUM) 400, 550, 400
T=A(L1,ICOLUM)
A{L1,ICULUM)=0.0

DO 450 L=1yN
A(LLyLI=A{CL,LI-ACICOLUM,L)*T
IF(M) 55Q, 550, 480

DO 500 L=1,M

BELL1 L )=B{LLsL)-BUICOLUM,L)*T
CONT INUE

INTERCHANGE CCOLUMNS

DO 710 I=14N
L=N+1-1

IF (ENDEX{Ly1)—INDEXtLy2)) &30y 710,

JRCW=INDEX(L.1}
JCOLULM=INDEX(L,2}

00 7G5 K=1sN
SWAP=A(Ky JROR)

AIK s JROW}=AL{K, JCOLUM)
A(KyJCCLUM) =5WAP
CUNTINUE

CONTINUE

RETLRN

END

MAT 10620
MATIO&630
MATI0640
MATIO650
MAT 10660
MATIOBTO
MAT 10680
MAT 10690
MATIOTOO
MATIOT10
MATIOT20
MATIOT730
MATIOT740
MATIO?50
MATIOT760
MATIOTT0O
MATIO780
MATIOT90
MATICBQO
MATIO810
MATIO820
MAT 10830
MATIOB 40
MATI0850
MATI0860
MATIC870
MATIOB880
MATIO890
MATIG900
MATIO910
MATIO920
MATIO930
MATI0940
MATID950
MAT 10960
MATIO970
MAT 10980
MATIO990
MATI1000
MATI1OlG
MATI1020
MATIL030
MATI11040
MATILO050
MATI1060
MATILOTO
MATI1080
MATI1090
MATI1100
MATILL110
MATI1120
MATI1130
MATIl140C
MATILL1S50
MATI1160
MATIL170
MATI1180
MATI1190
MATIL1200
MATILZ10
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APPENDIX - Continued

Plotting Subroutines

Usage descriptions are given for the plotting subroutines called by the plotting pro-
grams of this report, These subroutines are LRC computer system library subroutines
and listings are not given., They are described in the following order:

Page
CALCOMP , C e e e e e e e e 133
AXES . . v v ittt et e e i I & &
CALPLT ...... e e e e e e e e e e e e e 136
DASHIN .. .......... e e e e e e c e 138
LEROY/BALLPT . . . . ¢ o i it it e e tee e ens 139
LINE . . ... ...... e e e e e e e e e e 140
NOTATE . . . . . it e i e e e e e e e e e 141
PNTPLT e e e e e e e e e e 143
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LANGUAGE:
PURPOSE:

USE:
RESTRICTIONS:
STORAGE:

SUBPROGRAMS USED:

OTHER CODING
INFORMATION:

APPENDIX - Continued

Subroutine CALCOMP
FORTRAN

This is the normal mode processor. The necessary parameters
and linkage are set up to output a tape for the CalComp
Model 780/763 Electro-Mechanical Plotter,

CALL CALCOMP
This call must be given before the first call to a plotting routine.
CALCOMP 5467g total for all subprograms used.

PLOTSW, PLT763, BLCR, STRC, TAPWRI, ENCOD1, STRCALL,
CREATEF, BOUNDCK, TRUNCL, and LOCATE

The following is a list of messages, the circumstances under
which they will appear, and the action taken:

NO PLOTTING This message is printed in the output
DEVICE SPECIFIED file and the job is ended in subrou-
tine PLOTSW, This condition
occurs if there is no initialization
CALL CALCOMP in the program
prior to using subroutines which
generate plotting output.

PLOTTING ~ This message is printed in the dayfile
COMMENCED when the first pen movement is
encountered as a result of a pro-
gram call to the plotting subroutines.

THE LAST CALCOMP These messages are printed in the
BLOCK ADDRESS dayfile when the plotting is com-
WAS xxx DATA pleted. xxx is the value of the last
PLOTTED = yyyyyy block address on the CalComp

plotter tape. This block address is
at the end of the last valid data.
Vyyyyy is the approximate number
of data points. Plotting is com-
pleted either as a result of a CALL
CALPLT(x,y,999) or when the job
is ended due to an error recognized
by the CalComp subroutines.
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APPENDIX — Continued

Subroutine AXES

LANGUAGE: FORTRAN

PURPOSE: To draw a line with tick marks at specified intervals, annotate
the value of the variable at tick marks, and provide an axis
identification label,

USE: CALL AXES (X, Y, THETA, DIST, ORIGIN, DV, TMAJ, TMIN,
BCD, HGT, N) where

X,Y

THETA

DIST

ORIGIN

Dv

TMAJ

134

are the coordinates in floating point inches of
the starting point of the axis with reference
to the plotting area origin as established by
CALPLT.

is the angle of rotation measured counterclock-

wise from the X-axis in floating point degrees.
NOTE: Normally, THETA is 0° for an X-axis
and 90° for a Y-axis.

is the length of the axis in floating point inches.
Should be a multiple of TMAJ,

is the functional value to be assigned to the
origin (i.e., the value of the first scale), in
floating point.

is the adjusted scale factor for the array to be

) plotted (change in value per in.). NOTE:
Values of ORIGIN and DV which will produce
a reasonable scale may be calculated using
the subroutine ASCALE.

is the distance in floating point inches for major
tick marks (0.25 in. high). Numbers are
placed on the axis at the major tick marks in
accordance with the values of ORIGIN and DV,
The numbers written along the axis are
adjusted to be between 1000.00 and 0.01 in
magnitude. Immediately after the last number
on the axis is placed the caption, X10€Xp,
where exp is the required exponent.
If the values are integer multiples, the deci-
mal point and decimal places are eliminated,
A negative TMAJ will cause the actual value
to be written instead of the adjusted value.



APPENDIX -~ Continued

TMIN is the divisions per inch in floating point for
minor tick marks (0.125 in. high). To elimi-
nate minor tick marks the following may be

used:
TMIN = 0.
BCD is the character label for the axis (see NOTATE
routine}.
HGT is the height of the full-size characters in the

BCD title., Numbers at the tick marks will be
(0.75 *HGT) high. HGT is in floating point
inches.

If HGT = 0,, all annotation will be eliminated.

N is an integer specifying the number of charac-
ters in BCD title, A negative N places the
annotation on the clockwise side of the axis
and a positive N places the annotation on the
counterclockwise side of the axis., N =0 is
not allowed, If it is desired to have no label,
then the BCD parameter should be 1HA and
N =+1or -1.

RESTRICTIONS: Only perpendicular axes are recommended.

STORAGE: 1016g
SUBPROGRAMS USED: CALPLT, NOTATE, NUMBER, ROUND, SIN, COS
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LANGUAGE:
PURPOSE:

USE:

RESTRICTIONS:
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APPENDIX - Continued

Subroutine CALPLT
FORTRAN

To move the plotter pen to a new lgcation with pen up or down and
to signal the end of a job segment by incrementing the block

address number,

CALL CALPLT (X, Y, IPEN)

XY The floating-point values for pen movement
IPEN =2 Pen down
IPEN =3 Pen up

Negative IPEN will assign (X =0, Y =0) as the location of the
pen after moving the X,Y (creating a new reference point)
and will increase the block number by one. (The block num-
ber is the number that appears in the display at the top of the
tape drive on the plotter and identifies the portion of the out-
put tape that is being plotted. The block address 001 is
written automatically as a result of the initialization pro-
cessor call,) Each block address generally implies a sepa-
rate page or plot.

IPEN = 999 Writes a terminating block address of 999 for
peripheral handling of the plotter tape and
all further processing is skipped, X and Y
may be any values since they are ignored.

All X- and Y-coordinates must be expressed as floating-point
values in inches (actual page dimensions) in deflection from
the origin.

(A CALL TO CALPLT WITH EITHER NEGATIVE IPEN
(USUALLY -3) OR A TERMINATING BLOCK ADDRESS
(IPEN = 999) MUST BE GIVEN AS THE LAST PLOTTING
INSTRUCTION BEFORE ENDING A PROGRAM WHICH USES
ANY OF THE PLOTTER SUBROUTINES: THIS IS TC BE
SURE THAT ALL PLOTTER INSTRUCTIONS ARE WRITTEN
ON THE PLOTTER TAPE,)



APPENDIX - Continued

METHOD: The main subroutine in the CalComp software package is the
CALPLT subroutine. All other special-purpose subroutines
eventually call CALPLT either directly or indirectly. Sub-
routine CALPLT moves the pen in a straight line between the
present pen position and another pen location to which the
programer wishes the pen to be moved.

In order to cause such instructions to be written, the pro-
gramer specifies the coordinates of the point to which the pen
is to be moved and whether the pen is to be moved in a raised
or lowered position. This movement is accomplished by the
FORTRAN instruction

CALL CALPLT (X, Y, IPEN)

Also, the subroutine provides "'sequence numbers'' on the tape,
making it possible to afford identification of job segments.

The block address 001 is written on the first call to CALPLT.
Thereafter, if the programer defines a new origin or wishes to
divide the job into several segments, he need only set the argu-
ment IPEN negative. The CALPLT routine then moves the pen
to (X,Y); stores this location as (0,0), that is, a new origin; and
increases the block address by one.

STORAGE: CALPLT 251g.
SUBPROGRAMS USED: PLOTSW, STRCALL, and LOCATE
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APPENDIX - Continued

Subroutine DASHLN

LANGUAGE: FORTRAN
PURPOSE: To draw a dashed line between two points,
USE: CALL DASHLN (X0, Y0, X1, Y1, D) where
X0,Y0, are coordinates in floating point inches of the
and X1,Y1 end points of a line.
D ' is the length in floating point inches of each
dash.
RESTRICTIONS:
METHOD: No matter what the slope of the line, the dash length will remain

the requested length. The first dash of a line segment is set
at one-half the requested dash length so that whenever line
segments are connected, the dash at the meeting of the line
segments will not be twice as large as the requested dash
length. The last dash of a line segment will derive its
length from that portion at the end of a line segment which
is less than the requested dash length. The subroutine will
draw a dash the length of the line segment if a dash length
is requested that is equal to or larger than the line segment.
If the end points of the line segment are the same, the sub-
routine will return to the calling program.

STORAGE: 2678
SUBPROGRAMS USED: CALPLT, SQRT
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LANGUAGE:
PURPOSE:

USE:

RESTRICTIONS:

STORAGE:

SUBPROGRAMS USED:

APPENDIX — Continued

Subroutine LEROY/BALLPT
FORTRAN

The parameters necessary to accommeodate plotting with the
liquid ink pen are set up by CALL LEROY, Once set, this
mode will remain in effect as long as CALCOMP is in use or
until a call to BALLPT is given.

The parameters for plotting with the ballpoint pen are reset by
CALL BALLPT. This mode is automatically in effect with
CALCOMP unless there has been a call to LERQY.

CALL BALLPT
CALL LEROY

The CALL LEROY should be used only with CALCOMP. In addi-
fion to reducing the speed of the plotter for all ploiting move-
ments, the number of plot vectors in any annotation is consid-
erably increased.

The CALL LEROY must be made prior to any plotting calls,
but after the CALL CALCCMP,

LEROY/BALLPT 25g

None.
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LANGUAGE:
PURPOSE:

USE:

RESTRICTIONS:

STORAGE:

APPENDIX — Continued

Subroutine LINE

FORTRAN

To draw a continuous line through and/or draw a symbol at each
successive data point (stored in an array),

CALL LINE (XARRAY, YARRAY, N, K, J, L, S) where

XARRAY are the names of arrays containing the
and YARRAY X values and Y values, respectively, to
be plotted. Values must be in floating
point, !
N is-the number of points to be plotted.

is the interleave factor of a mixed arr-ay
(normally = 1).

dJ is positive for line and symbol plot, nega-
tive for symbol only plot. The magnitude
specifies the alternate number of data
points at which to plot a symbol.

=0 {for line plot.

=1 for symbol for every data point.

=2 for symbol for every other data
point, etc.

L is an integer describing symbol to be used,
see NOTATE routine for list. :

S is the desired symbol height in floating
point (see NOTATE routine),

LINE expects the adjusted minimums and scale factors as
described in ASCALE since the routine automatically sets an
origin and scales the data in the array.

352g

SUBPROGRAMS USED: CALPLT, NOTATE, WHERE
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APPENDIX - Continued

Subroutine NOTATE

LANGUAGE: FORTRAN
PURPOSE: To draw alphanumeric information for annotation and labeling.
USE: CALL NOTATE (X, Y, HEIGHT, BCD, THETA, N) where

XY are the floating point page coordinates of the first

character. The coordinates of the lower left-
hand corner of the characters are specified,

HEIGHT specifies character size and spacing in floating
- point inches for a full-size character. The
smallest possible character is 0.07 inch high.
The width of a character will be (4/7) *HEIGHT
and the space between characters is
(2/7) *HEIGHT.

The ith character is plotted at:
x; = X + (i-1)(6/T)(HEIGHT)(Cos #)
y; = Y + (i-1)(6/7)(HEIGHT)(Sin 6)
1=i=N

BCD is the string of characters to be drawn and is usu-
ally written in the form: nHXXXX--- (the same
way an alpha message is written using FORTRAN
format statements). Instead of specifying alpha
information as above, one may give the beginning
storage location of an array containing alpha-
numeric information.

THETA is the angle in floating point degrees at which the
information is to be drawn., Zero degrees will
print horizontally reading from left to right, 90°
will print the line vertically reading from bottom
to top, 180° will print the line horizontally
reading from right to left (i.e., upside down),
and 2709 will print vertically reading from top
to bottom.

N is the number of characters, including blanks, in
the label, )
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APPENDIX - Continued

METHOD: The character height is a variable entry parameter to the sub-
routine NOTATE. However, the width-to-height ratio is fixed
at 4/7. This is because the characters are defined by a
series of bi-octal offset pairs for a 4 X7 matrix. The refer-
ence origin for the offset pairs which define each character is
the lower ieft-hand corner of the matrix. The X and Y values
which are entry parameters to NOTATE define the locarion of
the lower left-hand corner of the first character to be plotted
for this entry to NOTATE. Subsequent characters to be plotted
are spaced from the previous character origin by 6/7 of the
specified character height.

OTHER CODING Only the alphanumeric option used in this report is described by
INFORMATION: this usage description.
STORAGE: 1252¢

SUBPROGRAMS USED: CALPLT, CNTRLN, DECODE, DECODZ2, SIN, COS
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LANGUAGE:

PURPOSE;

USE:

ACCURACY:

STORAGE:

APPENDIX — Continued

Subroutine PNTPLT

FORTRAN

To draw NASA standard plot symbols centered on a given
coordinate value.

CALL PNTPLT (A, B, NO, IS) where

A

B

NO

IS

is the X coordinate for the centered symbol in
floating point inches.

is the Y coordinate for the centered symbol in
floating point inches.

is an integer specifying the symbol to be used.
=21 for a point «
=22 for a plus sign +

is an integer value specifying the size symbol to
be used.
=1 small
=2 medium
=3 large
(See fig, Al.)

A positive integer value for NO in the calling sequence will pro-

duce symbols of the same quality as in figure Al.

integer value will produce symbols of less quality but will

result in a2 considerably faster computer run.

5064

SUBPROGRAMS USED: CALPLT, CIRCLE, CNTRLN

A negative
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APPENDIX — Concluded

INTEGER SIZ2E INTEGER SIZE
REFERENCE SMALL MEDIUM LARGE  REFERENCE SMALL MEDIUM LARGE

Lo 0 O 11 » ® @
e o 0O 0O 12 m
0 OO 3 & & @
4 NV ANVAN a2 A& A
CHEE N AN AN 15 o B K
5 b oD D 15 n B B
7 o QO 0O 17 & & 0
B o o O 8 & @ @
S 0 0 O 13 % &
W n o O 20 & & A

Figure Al.- KASA standard plot symbols.
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