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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
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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



fptional Routing

T o Tape 11
| Program == Mupe B~ T >
— STABLTY ;[T T T Tape 30
(Longitudinnl) ! - “?EPE 0
Case £ ,,)[ Tape 31
! Input ar 4 T Taps 32
i Program e — — -
I
. STBLLY2 o Tmes 33
Caleculution { )
of Stability Lateral T aurpur
Characteristies e —— h - 'l/
Binary
Disk Tile
Printed
_y__ OUIBUT Resulls
Frogram
- - - - CALTPE

Opt.ional Plottinp
of Characteristic
Roots

N

Optional Plotting ol
Mudes of Motion

| Prinled
Resulta
Tape &

e

Ie_ B

Figure 1.- Block dlagr

upmi‘_J——__ ~ . ) o
e
\\ Caleomp
Calcomp Plotter Plots
. Tupe
_//

Program P -~ A -
L -
- 03 . —
4 RTLOCUS | CALLFZ -
QUIPUT Printed
o A Results
Program T
CALBALM CALTPE Calcomp
O {Longitudinal) _ Cnlcomp Plotter Picts
Case 5 or Tape
Loput Program
—_ CALDBILM2
{Lateral)

am ol programs for calculating and plotting slability characteristics
of a tethered balloon.



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
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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
$LONGDTA VMIN=1,, NVEL=51, DELV=1l.$

23



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

31
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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.
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