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SYMBOLS

a, coulomb friction static force
AKR rear cable spring constant
b wing span (reference)
3 wing chord (reference)
¢y drag coefficient (stability axis)
CG referenced to center of gravity
Cl rolling moment coefficient
o left coefficient (stability axis)
Cm pitching moment coefficient
C rotational damping coefficient
mP
Cn yawing moment coefficient
CR referenced to equation reference center
Cy x force coefficient (body axis)
Cy side force coefficient
c, z force coefficient (body axis)
Fx’ Fy, FZ external forces on model
z acceleration due to gravity
Iab inertias with respect to axis a, b at the
equation reference center
Iab inertias.with respect to axis a, b at the center
CG of gravity
KA vertical acceleration feedback gain
z
K¢ roll rate feedback gain
KY yew rate feedback gain
Ke pitch rate feedback gain
m model mass
Np pulley normal force

p, P model roll rate



q, Q model pitch rate

- dynamic pressure

q

r, R model yaw rate

S model reference wing area

T cable tension

TF front cable tension

TR rear cable tension

Vo tunnel velocity

W model weight
M, N, L external moments on model

X, ¥, Z displacement coordinates of model
6, &, ¥ angular rotations around x, y and z axis
respectively
o angle of attack
cd directiog cosine between flying cable ¢ and
body axis d

B angle of sideslip

guy roll control deflection

ée. pitch control deflection

Sr yaw control deflection

Sa roll control deflection
w model rotational rates
¢ tunnel density

Stability derivatives are indicated by subscript notation. For example:

Q
1]

3 CL/B o

Q
1§

3 cn/a (pb/2Vo)

(see section 11.1, description of array AERO)



1.0 INTRODUCTION

In accordance with the requirements set forth under NASA
Master Agreement NAS1-10635, Develomment and Implementation of
Space Shuttle Structural Dynamics Modeling Technology-Task Order
Number 9, Cable Mount System Study for Space Shuttle, the follow-
ing report is submitted.

Contained in this report is a discussion of the theoretical
derivation of the set of equations applicable to modeling the
dynamic characteristics of aerocelastically-scaled models 'flown'
on the two-cable mount system in the Langley Research Center 16'
transonic dynamics tunnel, Also contained herein is a description

of the computer program provided for the analysis,

The program will calculate model trim conditions as well as
3 DOF longitudinal and lateral/directional dynamic conditions for
various flying cable and snubber cable configurations, Sample

input and output is contained in Appendix B and C,



2,0 GENERAL PROGRAM DESCRIPTION

The digital computer program described in this report is used

to analyze the rigid body stability and trim characteristics of
models mounted on a 'two-cable mount system' presently used in
the Langley Research Center 16' Transonic Dynamics Tunnel. The
program is so structured as to allow model, tunnel and cable
system parameters to be varied independently in order that their

effects on model stability can be analyzed,

All program options, theoretical derivations, and data
input formats will be explained in the body of this report. The
following items are of special interest and will be explained in
detail in the report:

® The trim routine will predict model angle of attack,

pitch control deflection and all cable tensions and
angles for any tunnel condition of interest to the in-

vestigator.

® Stability analysis is accomplished using 2 sets of 3
DOF uncoupled longitudinal and lateral/directional per-
turbation equations modeling both model aerodynamic

effects and cable effects.

® TIncluded in the stability analysis is the ability to
investigate the effects of automatic stabilization using
model stability augmentation, The general feedback loops
provided allow stabilization using pitch, roll and yaw

rate feedbacks to yaw, pitch and roll moment generators

in the model.

¢ A root locus feature is built into the program allowing
for automatic variation of any input parameter, producing
trim variations plus a locus of roots for the longitudinal

and/or lateral/directional dynamics.

® Four general cable configurations are included in the analy-
sls: front and rear cables vertical, front and rear cables
horizontal, front cable vertical and rear cable horizontal,

front cable horizontal and rear cable vertical.



¢ The effects of both snubbed and unsnubbed snubbers on
trim and stability have been included. The general snubber
arrangement is a double 'V' shown in Figure 11.3. However,
proper selection of input data will convert the snubber

model into any snubber configuraetion presently envisioned.

® Provisions have been made to include the effects of one

additional cable attached anywhere on the model,

® All aerodynamic data for the model is input in stability
axis as 'point data' at a given mach number or as 'table
data' where all coefficients are input across the mach

number range in interest.

® All cable tie-down locations and model position are input

in tunnel coordinates (station, water line, butt line),

® Normsl program output includes the trim condition, the
roots of the characteristic equations (longitudinal and/
or lateral/directional), damped natural frequency and
damping ratio for each pair of complex roots and the time
to half amplitude for real roots. Additional program out-
put ,as & user option,is included for debugging purposes.

MAJOR PROGRAM SUBROUTINES

A general flow chart of the program is shown in Figure 2.1.

The following comments are made in reference to that chart.

All input data for the initial case is read in first (input
format described in Section 11). If table data is to be used, it
must be read in on the first pass., If root locus is to be used,
the proper value of the parameter to be varied is calculated in
subroutine RUTLOC. The next step is to transform the input inertia
and aerodynamic data to the equation reference axis in subroutine
TRAN1 (Section 3.1 and 3.2). The model is then trimmed in sub-
routine TRIM described in Section 4,0. After completing the trim,
the aero data is transformed to body axis in subroutine TRANS des-

cribed in Section 3.3, Depending on the option selected by the user



either longitudinal or lateral/directional or both stability cal-
culations are made, These calculations are contained in subroutines
LONG and LAT which are discussed in Sections6.,0 and 7.0. Upon re-
turning from these subroutines, the root locus routine is entered

if a parameter variation is in progress or a new case is initiated.

Input date for a new case is discussed in Section 11,0,

The subroutines formulated to handle snubber effects ( SNTRM,
LONGSN, LATSN) are called from within the TRIM, IONG and LAT rou-

tines and are discussed in Section 8,0,

A description of the three main subprograms, TRIM, LONG, LAT,
and their supporting subprograms are presented in Sections L , 6,
and 7 respectively, The format used is a brief des-
cription of the purpose, the theory, some pertinent equations and
a functional flow diagram for each subroutine, An exception to
this approach is the theoretical development of the perturbation
equations and the cable influence coefficient matrix. The devel-
opment of the theory and equations in generalized form are pre-

sented in Section 5,

The particular applications of these generalized equations
to the longitudinal and lateral directional analysis are then discussed

in Sections 6 and 7 respectively.

The axis system used throughout the study is a conventional
right-handed body axis fixed to the model with the origin at a point
called the center of reference (cr). The positive x axis points
forward out the nose of the model and the positive y axis is out
the right wing. Figure 2.2 shows the axis system and a nomenclature

of the various cable constraints,
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3.0

3.1

INERTIA AND AERODYNAMIC DERIVATIVE TRANSFORMATIONS

The program provides for general placement of the model mass
center of gravity and the aserodynamic reference point. All force
and moment equations have been written around the equation reference
center which is located in terms of tunnel coordinates (STACR, WICR,
BICR). All other reference points (center of gravity and aerodynamic
reference) and pulley positions are located with respect to the

reference center,.

Since all equations are written with respect to the reference
center, the inertias and aerodynamic data must be transformed to

this center. This is done in subroutine TRAN].

In addition to a reference center transformation, the aero-
dynamic derivatives must be transformed from stability to body axis.

This is accomplished in subroutine TRANS,

INERTIA TRANSFORMATION

The classic inertia transformations, assuming constant model
density, are used to transform mass moment of inertias from the
center of gravity (inertias are input as body axis values at the
center of gravity) to the equation reference center. The axis
systems at the center of gravity and the equation reference center
are parallel (both lie along the x-body axis) requiring only a trans-
lational transformation. It is also assumed that there is no lateral
displacement between the center of gravity and the equation reference
center. The resulting equations shown below are modeled in sub-
routine TRAN1 (Figure 3.1).

T =T + x2m I =1 + zm
XX Ko o zZ 22 G

2 2
- + (x° + 2%)m <z <z
Ye.a. C.G.

H
I
L

I - XzZm

3.2 AERODYNAMIC REFERENCE TRANSFORMATION (Translation)

All eserodynemic moment effects must be transformed to the
reference center. The following general theory is used in sube

routine TRAN1 to accomplish the transformation.
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The force derivatives are not effected by a translational shift

in axis systems,

3.3 _AERODYNAMIC TRANSFORMATION FROM STABILITY TO BODY AXIS (Rotational)

Once the aero data is referenced to the reference
center it is then transformed from the stability axis input form
to the body axis form necessary for stability calculations, This
is accomplished in subroutine TRANS. The transformation equations
were taken directly from 'Aircraft Motion Analysis' by Thelander,
pgs. 57-58. A flow chart of subroutine TRANS is shown in Figure 3.1.

(



FIGURE 3.1 -
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(section 3.3)

RETURN

SUBROUTINE TRANS

FLGN CHART - TRAN1 AND TRANS




4.0 TRIM ANALYSIS

b1 Subroutine TRIM

The function of this subprogram is to determine the vehicle trim

attitude for a given initial rear cable tension, T The outputs of

the program are the trim attitude, 6, trim elevatozodeflection, ﬁe’

and the geometry and tensions of the flying and antilift cable system.
The model may be trimmed at any water line and station specified. The
equation reference center (STACR, WICR) is used to position the model

in the tunnel.

The subprogram defines trim as the point where the following

three requirements on the longitudinal equations of motion are satis-

fied:
a = 1 XF =0
Z m Z
&, =lZF ==O (u.l-l)
X m X
5] =%2My=o
NS

The variables in this set of equations are 6, 6e and TF’ the
front cable tension, The TF is a variable because the front cable
is fixed in length and the tension must necessarily adjust to satisfy

the constraint,

A numerical iterative technique is used to trim the system of
cable and model forces. The procedure is based on the following

formulation for convergence,

The forces and moments of equation U4.,1-1 are expanded using
the Taylor's expansion:
aF oF oF

4 z ¥4
ZFZ = FZO + 81— AB +-a—5; A&e + -a—TI; ATF
oF AF oF
X X X
BF, = F__ +z5= 49 + 3 MBS, + 3T, AT, b.1-2)

M M Eﬂl
‘Z!My = Myo "aTZ IN: +a—6>e‘i MG, + 3T AT,

[



Equation %,1-2 must be equated to zero to satisfy trim.

ﬂbé HPE UP;
Se 3 o | [ ° a8 Fro
e I
BFx BFX BFx
o 38 T A{Se = [A] Ase = (-F (L4.3-3)
e F
éﬁy BMy BN&
AT AT -M
_aoz 36, 0Ty F F yo

Inverting matrix A will define the required incremental change

to the variables 0, Ge’ and T_ to satisfy trim, i.e,

F
A® -

-1 Z0
Ay { = [A] “Fo (4,2-4)
AT M

The logic in the TRIM subprogram, shown in Figure L4.,1, is to

compute the initial forces and moments (on’

mine whether the trim requirement, is satisfied.

F -
o’ Myo), and deter

If not, the program computes the set of partials in eq. 4.1-3 , inverts the
matrix A and determines the increments A6, A&e, and ATF. The

variables are modified and the forces and moments recomputed.

The Model is assumed to remain stationary in translation during
the trim procedure. This assumption violates the constant front cable
length constraint, however, the translation associated with attitude

changes is negligible relative to the overall front cable length.

If the trim requirement has not been satisfied after 100
iteration cycles, the TRIM subprogram will print out a note to this

effect and the last set of A, ae and TF is assumed in the continua-

tion of the program.

h.2 Subroutine EQU

This subprogram is called by the subroutine TRIM. Its function
is to generate the longitudinal forces and moments. Each time this
routine is called, it establishes the cable geometry, then computes
and sums the force and moment contributions due to aerodynamics,

vehicle weight and the system of cables.



The input to this subprogram are the variables 8, 6§ and T_, The

e F
basic equations are:
ZF =F + F + F
z zaero zfront cable Zrear cable
+ F + FZ + W % cos @
Zanti-1ift snubber
cable
SF = F + F + F (4.2-1)
X xaero Xfront cable xrear cable
+ F + Fx - W x sin 8
Xanti-1ift snubber
cable
™M =M + M + M
¥ yaero yfront cable yrear cable
+ M + M + M
Yanti-1ift Y snubber ngt
cable
The contribution, M » Shown here is a necessary term since
wgt

the moments are taken about a point other than the center of gravity

location.

The aerodynamic forces and moment are determined as follow:

Lift =L =qgS(C. +C., g+ ¢C 5 )
LO La Lée € (k.2-2)
Drag _ -
€=D=gS(C) +Cp 8+ Cy 5,)
o) o )
e
F = -(L cos 9 + D sin o)
aero
F = -(D cos - L sin 8)
aero
My = ch(Cm + Cm A+ Cm 5e)
aero o 1% 5e

The anti-1lift cable forces and moments are determined by computing
the forces in the wind tunnel exis (an axis aligned with the wind tun-
nel) and then transforming them to the rotated body axis. Along the

wind tunnel axis, the F_, and FZ

<t are computed as follows:

t



th = FZLTT = TLFT ¥ Cos aZWT
(4.2-3.1)
Ekt = FXLTT = TLpr * Cos aXWT

where Oy 8re direction cosine with respect to the wind axis and
TLFT is the anti-lift cable tension force defined by the equation:

TLFT = TLFTO + AKLFT (£-4) u.2-3.2)

AKLFT here is the spring constant, TLFIO 1is the initial tension
corresponding to initial cable length, zo. Converting these forces

to the body axis we have:

Fe = F, Cos o - F,¢ Sin ©
anti~-1lift
(4h.2-4.1)
F, = F,. Cos 0 - Ekt Sin ©
anti-lift

The anti-1ift cable moment is easily obtained since the attach-
ment point relative to the center of referenceis known (ALTX, ALTZ).
Thus:

M = * ALTZ - F * ALTX  (4.2-Lk.2)
Y anti-1lift anti-1ift anti-1ift

The flying cable forces and moments along the body axis are
directly computed since the direction cosines between each cable
and the body axis were computed in subprograms FPLYV and RFLYH,
Thus:

FXF = T, (Cos o, + Cos ael)
F, =T, (Cos a,., + Cos a,.)
Zp F 13 23 (4.25.1)
FXR = T (Cos gy + Cos dhl)
FZR = Tp (Cos gy + Cos Gh3)

The subscripts of the direction cosine refer to the cable and

the axis in question, The two front flying cables are



4.3

designated as 1 and 2 and the two aft flying cables are designated
as 3 and L, The body axis x, y, z is referred to numerically as
1, 2, and 3. Thus Cos dl3 is the direction cosine of the number
one front cable with respect to the z-body axis. The rear tension
force, TR’ is defined by the following equation.

Tp = Tro * AKR (L - 2. ) (4,2-5.2)

where TRO is the initial cable tension corresponding to zRo, zRO

being the summation of the initial lengths of cables 3 and 4. AKR
and !‘R are respectively the rear cable spring constant and the in-

stantaneous summed cable lengths of cables 3 and L.

A derivation of the generalized cable force and moment is

presented in Section 5.k,
The flying cable moments are obtained via the following equation:

h — —
=Y X, x% P, 4.2-6)

M .
cable 5 =1 i i

where Ei corresponds to the moment arm from the center of rotation
to the point of action of the force F. The components of Ei are com-
puted in subroutines FPLYV and RPLYH.

Figure 4,2 presents a functional flow disgram of the subroutine
EQU.

SUBROUTINE FPLYV

The function of this subroutine is to compute the geometry of

a set of vertically configured flying cables,

The inputs to this program are:
1., The location of the cable attachment points to the wind
tunnel wall

2. The location of the vehicle in the tunnel
3. The wvehicle attitude
4, The pulley size

5. The pulley location on the model



The outputs of this program are the following geometric informa-

tion for the upper and lower cables:

1. A set of direction cosine angles defining the cable orient-
ation in space relative to the body axis (noted as AIC

in the program)

2. A set of coordinates locating the point of action of the
cable tension force (noted as ARM in the program)

3. The cable length (noted as XLGTH in the program)

Figure 4.3 defines the geometric nomenclature and some of the
equations in the subroutine, The equations show the derivationfor
the cable length and the angle BETAU for the upper cable, Similar
computation will define the length and the angle BETAL of the lower
cable. Direction cosine angles of each of these cables can be de-
rived from the angles BETAU, BETAL and the vehicle attitude 8, The
coordinates of the point of action are also readily computed. The

equations for the upper front cable are presented as an example,

Direction Cosines:

@ = ADC (1,1) = -8, + 9
oy, = ADC (1,2) = m/2 (k.3-1)
@, = ADC (1,3) = m/2 - @y

Point of Action:

X, = ARM (1, 1) = EP - RAD * sin o,
Vp = ARM (1, 2) =0 (k.3-2)
z, = ARM (1, 3) = HUU + RAD * cos .

A functional flow diagram of this subroutine is presented in
Figure 4,4,



b

SUBROUTINE RPLYH

The purpose of this subroutine is to define the geometry of

a set of horizontally configured flying cables,

tion

The inputs required for this subroutine sre:

1. The location of the cable attachment points to the wind
tunnel wall

2. The location of the model in the tunnel
3. The attitude of the model

4., The pulley size

5. The pulley location on the model

The output of this program is the following geometric informa-

for each of the port and starboard flying cables.

1. A set of direction cosine angles defining the cable orienta-
tion with respect to the model body axis (noted as ADC in
the program)

2. A set of coordinates locating the cable force point of
action (noted as ARM in the program)

3. The cable length (noted as XLGTH)

Figure 4,5 defines the geometric nomenclature used in this sub-

routine. TFigure 4,6 presents a functional flow chart of the program

logie.
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5.0 TIHEORETICAL DEVELOPMENT OF THE PERTURBED EQUATIONS OF MOTION FOR
A _CABLE SUSPENDED MODEL IN A WIND TUNNEL

The development is divided into four sub-sections. The first
section presents a derivation of the linearized equations of motion,
The following sections describe the derivation of the force and
moment contributions due to the vehicle weight, aerodynamics and

cable forces respectively,

5.1 DERIVATION OF LINEARIZED EQUATIONS OF MOTION

The linearized equation of motion is derived about the center
of reference, "CR", rather than the center of gravity. The relative
location is defined by the vector, r, as shown in Figure 5.1,

?bR and F%R are the total force and moment less the weight contri-
bution about point CR. Writing the equation

of motion about the center of gravity:

Fop * Me = mag. (5.1-1)

cR™ ¥ *Per =g " (5.1-2)

a and H are the translational acceleration and the angular

momentum vector respectively,

The following relationships are noted for a rigid body

Displacement: iCG = Xog * T (5.1-3)

Rate: VCG = VCR +pXT (5.1-4)

Acceleration: ECG = ECR + B x T+ T x (w xT) (5.1-5)
Yog = YcR

where w is the rotation vector of the model.



Substituting equation 5.1- 5 into equation 5.1-1, we have:

?bR +m(g-0xr)-mmx (0x7T) = m<§CR (5.1-6)

noting again that

= T — _ dr

HCRzHCG +mrxﬁ o (5-1'7)
or Hyp = Hyp + I T X ‘/4(; WX T (5.1-8)
dH aH
CR G .= == ==
and - T @ fRTX (wxr +0x (wxr)) (5.1-9)

Equations 5.1-6 and 5.1-9 can be solved for ?CR and ﬁCG

respectively, and the results substituted into equation 5,1-2,
Cancelling like items on both sides of the equation reduces 5,1-2
to:

- - = dHqp

Mg -m rx (aCR -g) = 3t (5.1-10)

Equations 5,1-6 and 5.1-10 represent the equation of motion
about the point, "CR".

Equation 5.1-6 can further be simplified by noting that the
initial rates and accelerations are zero because the vehicle is
statically trimmed in the tunnel, The W must necessarily be a per-
turbation vector and w x ( ® x r) represents a higher order term
which will be ignored in the linearizing of the equation,

Equations 5.1-6 and 5.1-10 can now be written in the form:

f‘ +m(§-_d-)x—f-)=m(v +<_n-x-\7)

CR CR (5.1-11)

Mg * mr x (g - aCR)] =(H+w x H)CR (5.1-12)

These results show that to study perturbation motion sbout a
point other than the center of gravity, the form of the pseudo
linearized equation of motion is similar to that about the C.G.

except for the gravity terms which are modified by ® and ECR'



Expanding the right hand side of equations 5,1-11 and 5.1-12
and assuming symmetry about the x-z plane, we have
ZF, =m(U- RV + QW)
TF =m(v- PW + RU)

Vg
ZFZ=m(§;-QU+PV)

. . (5-1“13)
L =Pl - (R+PQ) I -QR(T -1)

. 2 2
T M =Q,Iy-(R -P)IXZ—RP(IZ-IX)

ZN:RIZ-(P-QR) Ixz-PQ(Ix-Iy)

The nomenclature in Eq 5.1-13 are used in the conventional
manner, If each of the variables U,V,W, and P, Q, R are re-
placed by a steady state term plus an increment, e.g. X = Xb + AX:
the expressions expanded and then noting that all the steady state

terms are zero, 5.1-13 1is simplified to

T F =m

X
ZF =m¥

¥
L F =mv

z (5.1-1k4)
ZL =9I +%1I

X Xz
LM = I
4 Y

EN =+I -bI_

Returning to equation5.1-11 and expanding the left hand side of
the equation
Fop + OF,p +m (go + Ag - (wo +W) X7 =mv (5.1-15)

we find that due to trim

Fog * ‘mEo =0, ® =0 (5.1-16)



the perturbed force equation is thus:

AFCR +m(Mg-WxT) =mV (5.1-17)

or AF AW = m

CR + (5.1-18)

<

The perturbed moment equation 5.1-12 cen be similarly derived:

W + iy +m| T x(g, + g+ %) ] = H (5.1-19)
For trim %R+m?x§o=o
thus ARCR +m[r x (Ag - +)]=1H (5.1-20)
or MM + Ang% H (5.1-21)

Equation 5.1-18 and 5.1-21 can finally be written as

F + AF + MW =mV (5.1-22)
aero.p cableCR ‘
aero.. | AMéable * AMﬁgt = H (5.1-23)

CR CR

The development of the weight, aerodynamic and cable terms are

described in the following sections, 5.2, 5.3 and 5.4 respectively.

5.2 EXPANSION OF WEIGHT TERMS

The weight contribution about the point, CR, is defined by
equations 5.1-18 and 5.1-21.

AW:m _--(Bx;

(2 ) (5.2-1)

Aﬁwgt =m[rx (pg - V)]

The Aé term is derived from the trim weight vector which has

the following components along the trim axis:

= in ©
gxo, g 8in 9
gyo, =& Cos 8 Cos 8. (5.2-2)
gzo, = g Cos 8 Cos 9.

t



The Eulerian Transformation matrix 'E' for small perturba-

tions is:
1 Y -8
E={Y 1 ¢ (5.2-3)
8 -¢p 1

The total contribution of g along the instantaneous body axis is

f g} Efat) (5.2-4)
Subtracting the steady state increment gives AéB
-g Cos 90 ]
(8ey) = B {gt} - {gt) ={g [Sin 8 ¥ + W Cos & 9]}  (5.2.5)

g [-Sin 909 - Cos 60¢]

The effective weight vector can now be determined if we note that:

. A P 72CG 0
Wx T = = | XC6 ¥ - 2CC ¢ (5.2-6)
XCG 0 ZCG .
- XCG 8
-g Cos 909 - ZCG ©
. AW = m ) glSin 6 ¥ + W Cos 60¢] - [XcG Y - 720G @] (5.2-7)

gl-sin 6 8 - Cos eo¢] + XCG ©

The moment vector induced by the weight is determined

i

XCG 0 Z2CG

AM =m .. . .. (5.2-8)
Wi

gt Agbx-x %b -y Agb -2

Yy Z



5.3

-ZCG (A%y- y )

Wy =m  { Zco (ag, % ) - xcG (tg, 2 ) (5.2-9)

XCG (Mg~ ¥ )

where Ag , Ag and Ag are defined by equation 5.2-5
% q
X by bz

DERIVATION OF AERODYNAMIC CONTRIBUTION TO THE FORCES AND
MOMENTS

The aerodynamic forces and moments of equation 5.1-22 and 5.1-23

can be expanded as equation 5.3-1.

x .= X "~ x
Yy T a(i) (‘1;0) ! z; (:xcr 2> * ,32- (g\j ) 3% - (5,)
W )T )
(e]
(o]
aFy_ AF aFy AF
My, ~ {;rr_j}_)' G_O) a(“;—A-) (\‘;O) * 5(%) (12)\1/)') ¥ a(é) 2\?’0
(o] o o (o]
dF BFy
+ 5_’% (6R) + E (Ga)
oF ZA . HFZA Y AFZA = aFZA .e_c_
F = —_— —
2y &) ) - ) ) - (&) () * (E) &,
3F, o °
+ aseA (8,)
_ AL v AL (V0 JL b AL b
ALy a(%;) (vo) ¥ ) (vo) * 8(12)‘:;0 ) (gv_o) * a(g;_; ) (;vo)
0]
3L AL

(5.3-1)



v
0

AW vy N v N AN pby AN rb
MWy (v)(V) +a(‘.’ >(2v0) *a(pg%) (2vO Ag}\?_c))(evo)
+g-§—<ar>+§§;ua>

In the wind tunnel, the following relationship is true:

w .
5 -‘—,— = A +
o] o] o] o

<|S
I
D
+

. (5.3-2)
v

v oo

(e} (o] (o] o]

<| <
H
]
g
+
<|‘<:

Substituting equations 5.3-2 and 5.1-4 into equation 5.3-2 and

rewriting equation5.3-2 in terms of the body axis coefficient we

have:
Sa S. qSE *»
AR, = e e 5 pc 2 Y 40 gse
XA [ xw V0 X, Vo Xs, 2V02 X,
gSe |
+ C 6
+(Cx- xé> v 0t G, % e] (5.3-3.1)
O -
e
aF = |c %§ y +C %ﬁ'& + C gg% ® + ( -C, +C )'%%P ¥
Ya yB o 8 %o yp o b Y 0
-C g8 +C_ gS6_+C qSb (5.3-3.2)
¥
B 5 )
T a
g . gs - Se - gsc :
aF, = |c. L x +c z +C,_. z +C qse+(c +c.) 8
ZA [ zu Vb Z Vb Za'2V Za za ze 2VO



Sb -
oL, =jc, 2y ¢
A EB VO £ VO Lp 2VO
o)
- ¥
B 8 &
r )
- gse : gSc - qSc —
AMA Cm v Xt C v Z* Cm' v % ¢ C_ qScH
U o o 0 fo) o
S_2
+{c +¢C 3°C 5 4 ¢ Sc
( me m') & m, 95¢ % (5.3-3.5)
6 o) 6e
ng ° ng ngz’ ng2
A - o » _ .
I\IA Cr1Fa v, y Cn- AY y o+ Cn 2V ¢ +(Cn Cn- )2V Y
B © P o r 8 0
- C SpY
gsSbt + Cn qu6r + Cnﬂ qu&a (5.3-3.6)

n
R ér e

5.4 DERIVATION OF THE CABLE FORCES AND MOMENTS

The generalized force and moment equations for a single cable
The forces and moments of the entire cable system are then

are defined.
obtained by the proper summation of each individual cabl€ contribu-

tion.
For a single cable, a component of force along any trim axis

can be written in terms of the tension in the cable and its direction

cosine with respect to the axis. i.e.
i=x,yorz (5.4-1)

F, =T Cos o,

i

The instantaneous force component, due to changes in the cable
tension and direction cosine, salong the trim axis can be defined as:

(FO + AF)i = (T + AT) Cos (o + Ao:)i (5.4-2)



whereFo is the steady state force component and AF the change in this

component, Expanding this expression and linearizing, we have:

"

F =
T (Fo + AF)i

T Cos o, + AT Cos @, - T Aai Sindi (5.4-3.1)
i

i

or F =T Cos oy (5.4-3.2)

AF, = AT Coso, - T N¥, Sino,
i i i

i (5.4-3.3)

The force, in equation 5.4-2 , is the instantaneous force
along the trim body axis. The instantaneous body axis may be dis-
prlaced through perturbation angles ¥, © and ¢. To obtain the force
along the instantaneous body axis, vector FI , is transformed via the

Eulerian transformation matrix defined in equation 5.2-2 .,

{FI};{FO’“” B‘=E{F0+AF£T (5.k-1)

Expanded, equation 5.L-4 takes the following form:

1 Y -9
8 -¢ 1
100 0 ¥ -8
=OlOiF +-YO¢1F‘
001 °y 7 8-¢ ofll°)yr
100
+ OlOiAFT+I~DT
001

The first term is the steady state term, the next term is due to
rotation of the body axis and the third is due to the perturbation
of the steady state force., Subtracting the steady state force, the
incremental change in the cable force projected on the instantaneous

body axis is obtained.



—AF +¥pr -8 F 7
i Tl To2 To3-
AF ={[ar -¥YF, +oF ] )
{ I} B T2 TOl TO3 (S.J-&-o)
A + 8 F - ¢ F ]
_EI'3 Tol T02

To determine the incremental change in moment about the instan-
taneous body axis, the vector notation of the generalized moment

vector, K, is written as:

- - - (5.4-7)
K = ( X X FI) 5

-ip is the vector from the center of rotation to the point of

action of the cable force, F This vector has been defined in the

I.
trim analysis. ?I is defined by the matrix in equation 5.4-5 .
Expanding the equation and subtracting the steady state moment

term out, the following is obtained:

y_ OF, -z AF, +2z_ F. Y-(yF. +2z_ F ]
[ p T D T2 P Tol o) To2 P To3 @

AL 3
fag} = AM| = [z AR, - X AF -[2z T +x F G]
} o p Ty p T, p To, = *p "To (5.1-8)
B
[x AF_ -y AF -(xF +y F >Y+XF ¢]
: T
P T, P T P Tol P To2 p To

Equations 5.4-6 and 5.4-8 are the generalized cable forces and
moments for a single cable, The force terms with a subscript zero
are defined by equation 5.%-3.2. The /_\.Fi increments are obtained
from equation 5,4-3.3 once AT and'Ayi are defined, The change in
tension force, AT, is proportional to A4 via the spring constant,
The Aai is the change in the direction cosine with respect to the

trim axis,

To determine AT and Ayi the vector representation of the cable

at any instant of time must be defined with respect to the trim axis.



Let RWT represent the vector to the cable tie-down point
the tunnel wall from the center of reference in the trim axis

systems and ip the vector to the point of action in the body axis.
B

Let YP be the transformation of ip onto the trim axis system. i.e.
T B

< -1
X = {x } =E X } (5.4-9)
Pr P) o { Pig

The cable vector is thus defined by equation 5.4-10

A=X, - XpT = {L Cos o, + 61}

T i=1,2,3 (5.4-10)
where 61 is defined by the following:
61 = - (-ybY + Zﬁa + x)
by = - (x ¥ -2, 8 + )
85 = - (-xpe + yﬁ¢ + z) (5.4-11)

X, ¥, 2, Y, 8, ¢ are perturbation variables.

The magnitude of A is the instantaneous length of the cable.

Expanding and linearizing the equation gives the following:

_ 3
LO +00 =2 = L +.Z Cos o, 61 (5.4-12)
i=1
or
Af =X Cos ay 61 (5.4-13)

The incremental change in direction cosine can be determined by
defining the unit vector along A and then taking the dot product

along the x, y, z axis.

Cos (o + Aa)i = <ZI%Z>' Ei (5.4-1k)

where Ei is the unit vector along the i = trim axis



Expanding and linearizing:

L Cos « +M003ai-miz Sinao, =& . 1

i i i
= (X = X)) (5.1-15)
1 =
or Aai = ZSinai £Cos ai + Af Cos a, - (XQT - Xp) uy (5.4-16)

Since from equation 5.4-10 :

( X7~ XpT ) . uy =(ﬂ Cos a, + 61)

(5.4-17)
Equation 5.4-16 simplifies to:
1 ‘
by = 5 5im o [M Cos a; - 6i] (5.4-18)

Equations 5.4-13 and 5.4-18 are the necessary equations to define
AF in equations 5.4-6 and 5.4-8. 1In Sections 6.0 and 7.0, these equations
are girplified for the longitudinal and lateral directiocial analysis to

obtain the influence coefficient matrix.



6.0 Longitudinal Stability Analysis

6.1 Subroutine LONG

This subroutine computes the perturbed forces and moments for
the longitudinal perturbation equations of motion and extracts the

characteristic roots for a stability analysis.

The general form of the linearized equation of motion (5.1-14)
is reduced to equation 6,1-1 for the longitudinal analysis.

TAF = mu = mx
x

ZAFZ = mw = mZ ' (6.1-1)

TAM q=128
y Uy y

i
—
Ho

X, z and O are the longitudinal perturbation varisables. Z‘AFX,

ZAFZ and £AM are further expanded in equation 6.1-2,

ZAFX = AF + AF + AF + AF
*aero ot Xcable snubber
ZAF_ = AF + AF + AF + AF
z Zaero urt Zcable Z snubber (6 ’ 1—2)
= A
ZAMy AMaero * AMw-t * AMcable + oM gnubber
The aerodynamic forces and moments, AF s OF and AM

aero’
aero aero

are defined by equations 5.3-3.1,5.3-3.3ard 5.3-3.5 respectively. The

weight contributions are defined by equations 5,2-7end 5.2-9and sim-

plify to equation 6.1-3 with y, ¥, ¢ = O,

&
]
it

WCos 6 868 -2 M ®
o C

et ¢,

AF =WSin 68 =x, M8 6.1-3
Zw-t o) CG

AM_ =z, (W Cos eoe +mx ) + Xog (W 8in eoe + mz)



The cable forces and moment are obtained from generalized equa-
tions 5.4-6 and 5.4-8 respectively.

AF. = AF = AF_ - OF
1
X Tl To3
AF; = OF, = AF, + OF (6,1-u)
3 1
MM =2z AF, - x AF, - (z_F +x F_ )6
Y P T1 o) T3 P To3 D Tol

where according to equations 5.4-3.2 and 5.4-3.3

53]
i}

To Ti Cos ai i=1,3

and @.1-9

AF AT, Cos o, - TAX, Sin o,
Ti i i i i

The steady state direction cosine angle, o and cable tension,
Ti are obtained from the trim analysis. The ATi and Aai are propor-
tional to the longitudinal perturbation varisbles. The ATi for the

rear cable is defined by equation 6.1-6 .

BT, = AKR (M, + A3y) €.1-6)

The ATF for the front cable is a variable in the analysis.

The constant front cable length requirement is a constraint equation
which in conjunction with the equations of motion defines a unique

solution of the variables x, z, 9 and ATF

.

The constraint equation is:

By + M, =0 6.1-7)
Since:
dAL 342 L
_ 1 1 1
My ===x+—<Lz+ =0 6.1-9
dAL dAg dAL
2 2 2
M, = 7% + ;=2 + =5~ © (6.1-@



The following relation of x = f(z, 8) is determined.

3L M CIVIENRYY)
(G o) =0 Gt mt)
x =| SN, - (6.1-10)
( 3% 3% )

The coefficients for Azi are defined by subroutine DLGTH des-
cribed in Section 6,3, Similarly the coefficient of Ayi are defined
in subroutine DCOSLG.

The cable forces and moment equations are reduced to functions
of the basic variables x, z, 6 and ATF via the subroutine MASH for
each individual cable., The results are then summed in the FXS
array which in its final form, becomes the cable influence coefficient
matrix, The initial form of the cable matrix for the front and rear flying

cable are presented in Figures 6.1 and 6.2 respectively.

The stability characteristic matrix and the expanded form of
the equations of motion are presented in Figure 6.3. A functional

flow diagram of subroutine LONG is included as Figure 6.4,

Subroutine DLGTH

This subroutine computes the change in length of a cable for
either the longitudinal or the lateral/airectional perturbation
stability analysis. An index, IDX, determines the mode that is

being analyzed, and the correct form of AL is computed.

The variation of the cable length with respect to the longitud-
inal variables is defined by the partial derivatives in equation
6.2-1.

LFY) dAL AL
= —% 2o 222 ¢ -
B =5 x+ 5772 +353 6.2-)

These '"partials" are determined from the generalized form for
M in equations 5.4-13 and 5.4-11. Equating the lateral/directional
perturbation variables, y, ¢ andY to zero, the equation for AL is

reduced to the following simplified form,

AL = - Cos @ X - Cos 03 z + (xp Cos 03 - zp Cos dl) 0 @.Q-é)

The subscripts 1 and 3 refer to the x and z body axis respect-
ively. xp and zp corresponds to the coordinates of the cable force

point of action, In the program, an added subscript, IC, is used



to define the particular cable being analyzed.

In the lateral directional mode, the coefficient of the y,
Y, and ¢ variables in the lateral directional form of Af is com-

puted.

oML dAL oAl
AL=Ty+-a—Y—‘Y+Sa-—¢ (6.2-3)
The coefficients are again obtained from equations 5.4-13
and 5.4-11, but now x, z, and © is assumed zero. The expresssion

for M is reduced to equation 6.2-4,
A = - Cos % ¥y + [yp Cos o - xp Cos a2] Y + [zp Cos d2

-y Cos o, 1o (6.2-19

The subscript 2 refers to the y body axis.

The expressions in equations 6.2-2 and 6,2-4 can be shown to be
algebraically equivalent to their corresponding expressions in Reference 1.
A functional flow diagram is included in Figure 6.3.

6.3 Subroutine DCOSIG

This subroutine computes the components of the Aal and Ad3

vectors required by subroutine LONG. Due to the symmetry of the

longitudinal analysis, A¥, is not required., The expressions for

2
both Aal and Aa3 are obtained from equation 5.4-18. Expanding this
expression and letting y, Y, and ¢ equal zero, the expressions for
Aal and Aa3 are developed.

sin o cos q., cot w
1 3 1
Aai —( 7 > X + ( 7 ) z

z Sin o, + X_ COS «
+<p 1 % 3)Q

b

cos o, cot o sin «
_ 1 3 3
Aoé = - ( 7 > X + (—-7———> z

Z COoS cot + x sin
< R N T "3) .
£

The subscripts 1 or 3 again refer to the x and z axis respect-

ively. The xp and zp are the x and z components of the vector from

the center of reference to the point of action of the cable force.
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CALL LONGSN

computes snubber effecc|”

e |

computes cable matrix
for cable # IC, fig.6.%

CALL DIGTH
eq. 6.1 -6, 6.1 -10

; >
! fig. 6.2
|
| S
 CALL MASH |
; AFXC’AF-'ZC’AMC f(x,z,e,ATf) -

CALL DCWSIG
egg. 6.1-5

computes influence coefficient
matrix

FXS = FXS + A FXS

IC =5

IC=5

P

PZBEﬁiété"bxé‘fbr flyin
cables & antilift

determine finai_éable

influence matrix

R S —

2.

computes aerodynamics

computesmcharacteriétiu
L matrix, CMAT (fig. 6.3

call root extraction
routine MATRIX

CALL PRINTR
analyzes char. roots

RETURN

FIGURE 6.4 - FLOW CHART - SUBROUTINE LONG

" CALL FRICTN (0)

= computes pulley

friction

CALL FRVT

*1 compute vertjcal |
_pulgey friction l

compute horiz.
pulley friction




e s = g

input:
IC, IDX
COMMON/ PLYCHA/ ;
- - provides geometry |
info . |
longitudinal N o
analysis =0 ’IDX\\ # 0 lateral directional analysis
Computes: Computes:
o1 = 24X AL o1 = AKX
> ¥ 3 ¥
c2 = —AX o = _2AL
L ol A,g}
TS C
Cc3 = __‘__/:\_E c3 =-5_A_f’i;
Y& Yo
,igg_é_'E'?)_M_ D (eq_ 6-2_)"’)
|
(RETURN }
IC = cable no., 1 - front upper or front starboard pulley

2 - front lower or front port-side pulley
3 - rear upper or rear starboard pulley
4 - rear lower or rear port-side pulley

5 - anti-1ift cable

FIGURE 6.5 - FLOW CHART - SUBROUTINE DIGTH




7.0 Lateral Directional Stability Analysis
7.1 Subroutine LAT

This subroutine computes the forces and moments for the per-
turbed lateral/directional equations of motion and extracts the char-

acteristic roots for the stability analysis.

The equations of motion, equation 5.1-1L, are reduced to 7.1-1
for the lateral/directional analysis.

ZAF =m
v y
ToM = ¢ + ¥ I (7_1_1)
TAM = YI -9 I
z 4 X2
where
YAF = AF + AF + AW
y ya.ero ycable y
ZAMx = ALaero * ALcable + o LWGT (7.1-2)
ZAMZ = ANaero * ANcable + 4 LWGT

y, ¥ and ¢ represent lateral/directional perturbation
variables:
The aerodynamic forces and moments, AF ) ALaero and AN

sero
are defined by equations 5.3-3.2, 5.3-3.4 and 5.3-3.6 respectively.

aero

The generalized weight contributions are defined by equations

5.2-7 and 5.2-9, The expressions are simplified with x, z and A = O,

N = [wsm 8,Y + W Cos eoqs] -m [XCGi? - ZCGB]
Moy = -ZCG [(W Sin GO‘Y + W Cos 60¢>) - my] (7.1-3)
ANyor = XCG [(w Sin @ ¥ + W Cos 60¢) - my:l

The cable forces and moments are determined by equations 5,4-6
and 5.-4-8. These equations reduce to equation 7.1-4 for x, z and ©

zero,



aFp = AFT2 - ¥ o, ¢ FTo3
' (7.1-4)
AL. ={y_AF., -2 AF +2 P Y-(y F +z_F ¢
I ( P T3 P T2) P Tol ( P 'I‘o2 jo) To3

=

x_ AF_, -y AF )- (x F, +y_ F Y+ x F
I < P T, p T p “Toy p To, D To3 ¢

The FTo and AF, components are defined by equations 5.4-3.2

and 5.4-3.3:

FTOi T Cos oy - T b, Sin oy (5.4-3.2)

AFrp

. AT, Cos o - T b, Sin o (5,u_3,3)

The steady state terms, T ard a,, are determined by the trim
analysis. The perturbation terms, ATi and Aai, are proportional
to y, Y and¢. In the lateral directional anelysis, the rear cable
tension, ATR.’ is assumed proportional to the change in rear cable

length, *

AT, = AKR (Mg +04)) (7.1-9)

1

The perturbed front cable tension, ATF , is assumed to be zero in
i

the analysis. The perturbed cable length, Azi, and cable direction
cosine, Aai, are computed in subroutines DLGTH and DCOSD respectively.

These routines are described in Sections 6.2 and 7.2.

For each cable, the force and moment equations are reduced to
functions of y, ¥ and ¢ via the subroutine MASH. The results are
then summed for all cables in the FXS array. The final FXS array
is the lateral/directional cable influence matrix. The form of the

initial matrix prior to using MASH is shown in Figure 7.1.



Subsequent to computing the cable matrix, the lateral /direct-
ional stability characteristic matrix is generated. Figure 7.2
shows the elements of the matrix and the expanded equations of
motion which it represents, A routine which reduces the matrix
to a characteristic polynomial and extracts the characteristic

roots is applied to the matrix at this point.
A functional flow diagram is presented in Figure 7.3.

Subroutine DCOSD,.

This program computes the A¥ vector components required by
subroutine LAT. The vector components are derived from the

generalized formulation in equation 5.4-18,

With x, z, and © equated to zero for the lateral /directional

stability analysis, equation 5.4-18 can be expanded to the following

form:
Cos 02 Cot al XP Slnozl + #P Cos a2 Cot dl
hoy =\ 7 Y- 7 ¥

- o
< zP Cos 02 Cot oy yp Cos a2 Cot l)
+{- 7 )

Sin g y. Cos o, Cot o, + x_ Sin o,
2y’+—< js) 1 2 he) é)Y

bay = —3 2
-( zP Sin 012 + yP Cos 013 Cot 012>¢
£
o - C Cot o ‘
o -l Cos o, Cot 3 . yE Cos al Cot a3 xp os a, Co 3 \y
37 Z Y ) /
a. C Sin o
+( zp Cos 5 ot a3 + XE, in 3 )¢
£

The program thus generates an array of nine elements, three

elements for each of the three vectors.

7.2-D)

7.2-2)

(7.2-3
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input

fif};{“"””' B

computes cable matri;“
for cable # IC

(fig' 7'1)
b e e e
CALL MASH
AFyc, ANc,ALe~ £(y, ¥.0)

computes influence
matrix

FXS=FXS + AFXS

IC

CALL LATSN
computes snubber effect

FIGURE 7.3 - FLOW CHART - SUBROUTINE LAT.

<5 /Ic>

‘completes FXS for flyin

'Cables Anti Lift Cable
L.

|

CALL DLG%HV- ‘
(eq. 6.2-4)

{eq 7.2-1,7.2-2,7.2-3)

CALL DCOSD

determine first cable
influence matrix,

Lo e

FXS . ]

et —

computes aerodynamics

CALL FRICTN (1)
computes pulley fric. J

computes characteristic
matrix, CMAT (fig 7.2)

L

call root extracéion

routine, MATRIX

| CALL_FRVT
compute vert

pulley fric.

"’,

" CALL FRHZ

CALL PRINTR

analyzes char. roots

compute horiz
pulley fric.




8.0 MODELING SNUBBER EFFECTS

8.1 SNUBBER SNUBBED EFFECTS
8.1.1 TRIM EFFECTS

The effects of the snubbers on model trim are introduced as
FXSN, FZSN and AMSN into the TRIM subroutine, These terms are
celculated in subroutine SNTRM. The expressions for modeling
these effects are identical to those used for the flying cables.
The direction cosines for each snubber cable are generated in
subroutine DRSCN with the resulting force and moment contribu-
tions being defined in terms of these angles,

The following derivation of one set of direction cosines for
the upper right cable applies to all snubber cables. See Figure

11,3 for a definition of temms.

Calculate linear components from equation reference center to

snubber tie down at the tunnel wall:

X, = ©STACR - SNUST
T
1
Z., = WLCR - SNUWL
T
1
YTl = - SNUBL

transforming to body axis:

XB =X_ Cos O - ZT Sin ©

1 Tl 1

Z. =X Sin 8 +Z_ Cos ©
Bl Tl Tl

Y = Y

Bl Tl

Finding linear components from model tie down point to tunnel
gside wall:



XB 2 XB + SNUX

1

YB = YB + SNUY
1

ZB = ZBl + SNUZ

The linear distance is then:

L =“/XB2 + YE2 + ZB2

The direction cosines are:

YX = XB/L Yo = YB/L YZ = ZB/L

y

resulting in the angles being:

-1 -1
@, = Cos Yy dy = Cos yy, o, =
Agsuming top and bottom cables to be

to the X-Z plane, the following force and

the terms necessary to determine trim.

F =2 T _Cos « F. =
Xup up *u Xlow
F =2 T Cosa F =
Zup up zu Zlow
Mup = (-8NUZ) Fy + (sNUX) F, Mo =

up up
or:
Fx = Fx + F = FXSN
up X ow
F =F + F = FZSN

z z z
up low

Mup * M].OW = AMSN

A flow chart of subroutine SNTRM is shown

=
1

-1
Cos '

symmetric with respect

moment equations define

2T Cos o
low 1

2 Iiow Cos GZ

(SNLZ) F + (SNLX) F
Xlow low

in Figure 8.1.



#.1.2 STABILITY EFFECTS

The effects of the snubbed snubbers on both longitudinal and
lateral stability are modeled similar to the rear flying cables.
These effects are calculated in subroutines LONGSN and LATSN and
inserted into subroutines LONG and LAT as additional terms ( SNU,
SNUD) in the polynomial matrix describing the system, Each cable
is modeled independently, the terms effecting each cable are
summed up and the results, contained in the SNU array, are com-
bined with the flying cable effects in the CMAT array. Since the

theoretical derivation of these terms is similar to the rear fly-
ing cables, the derivation here will be abbreviated.

The major difference in the derivation is the calculation of
the change in tension, For the rear flying cables the cable tension

change was defined as:
AT = KAL

The snubber cables have an added damping effect resulting in
the following equation:

AT=KAL+DA.L

The damping term is added to the polynomial matrix CMAT through
the array SNUD.

Flow charts for subroutines LONGSN and LATSN are shown in Figures
8.2 and 8.3.

8.1.2.1 LONGITUDINAL STABILITY EFFECTS

Due to symmetry the longitudinal effects of the top snubbers
are modelled simultaneously and similarly the bottom cables can be
modelled together, Only the top cable derivation will be presented

here, See Figure 11.3 for a pictorial representation of the snubbers.

The total force and moment equations from Section 5.0 are:



TF =2 (T + AT) Cos (ozx + Aotx) - (er COSQ’Z) e
TF, =2 (T + AT) Cos (az + mz) + (2T Cosax) <)
L M = (SNUZ) (-Fx) + (SNUX) F,

Defining perturbation temms:
AT = K AL + D AL

and from Section 5,0:

-SNUX Sin ¢«
- X —SNUX)
Mx —,: YR + ( AL Cos @, Cot Otx:] 6
Sin o Cosa Cota

z
SNUZ Cos ozx Cotcxz SNUX Sin a

o = + Sin a 8 +

Z ALU

[—Cos o Cot oz:l
X z

+ X
ALU :

AL = [-COS le]x + [(- SNUX + (ALU) Cos @) Cos &
- (-SNUZ + (ALU) Cos @) Cos o ] 9 - [003 az] 2

These equations are set in a 7 x 7 matrix with the following

form: -

B B N

zF X
X
ZFZ z

M 8




This matrix is reduced to a 3 x 3 matrix in x, z and 6. The first
order terms are contained in the 3 x 3 array FTOP and the damping

terms (second order) are contained in the array SNUD.

A similar procedure is followed for the effects of the bottom
cables, The terms for each set of cables are then combined and
added to the longitudinal stability matrix through the arrays SNU
and SNUD,

8.1.2.2 LATERAL STABILITY EFFECTS

The lateral stability effects of the snubbers are modeled for
each cable individually and the results summed up. The procedure
is similar to the longitudinal case. Only the top right cable terms

will be shown here, The effects for the other cables are similar,

Force and moment equations are:

F& = (T + AT) Cos (ay + Aay) - (T Cos ax) Y + (T Cos az) )

ZN

]

(-SNUX) Fy + (SNUY) F

ZL

(-8NUY) F+ (snuz) F&

expanding the equations and dropping the steady state terms:

LAF = AT Coso - TSino Ay - YT Coso + T Cosa @
y y y oy x z

ZAN

(-SNUX) AF  + SNUY [AT Cos @ - TSino A« ]
y X X b'q

it

TAL (SNUZ) AF_ - SNUY [AT Cos@ -TSinao A« ]
y 4 z z

Defining AT, AL, Aax, A v Naz:

AT = KAfZ + D AL

From Section 5.0:



b

E

These

AL = [— Cos dy] Y + [(-SNUZ) Cos o + (SNUY) Cos @

+ [(-SNUY) Cos o+ (SNUX) Cos ay] y

(SNUX) Cos o Cot o

al

(-SNUY) SIN a -
x:

ALU

it

(-SNUZ) Cos @ Cot a_ + SNUY Cos o_ Cot «
y X z x

]¢

ALU

(-SNUY) Cos o Cot o -(SNUX) Sin «
Y Y. Yy

) [:(-suuz) Sin o -

ALU

](ﬁ

-Cos o Cot dx
+ yU y

Sin «
Y + AT

(SNUY) Cos GZICOt o

AL

y] ,

ALU

L

ALU

F(-snuz) Cos o Cot o -(SNUY) Sin o
N 4 4

e

ALU

BE

[ (-SNUY) Cos @ Cot o + (SNUX) Cos o Cot o :] ¥
X Z y 4

o Cot o
z

:]s

ALU

equations are set in a 8 x 8 matrix with the following form:

o

LF
y

ZAN
LAL

-1

-

1.



input: AERO,
KODE

IF KODE(

FXSN

5
=
[ S|
leReoNeol

compute snubbed
direction cosines

CALL DRCSN

=1 P KODE (10,

\/

calculate unsnubbed]
direction cosines

CALL DRCUSN

L

céiEﬁlétéaiahéigudinaJ
force and moment
contribution to trim

FXSN, FZSN, AMSN

| calculate longitudinal
force and moment
; contribution to trim

| FXSN, FZSN, AMSN

FIGURE 8.1 - FLOW CHART - SUBROUTINE SNTRM

R



input: AERO,
KODE

F (KODE (1

no snubber
effects

=1

calculate unsnubbed
direction cosines

CALL DRCUSN

calculate stability
coeff. for top
M (7, 7)

contract matrix
CALL MASH

FTOP (3,3)

calculate stability
coeff. for bottom

oM (7,7)

contract matrix
CALL MASH

FBOT (3,3)

combine FTOP
and FBOT

SNU (3,3)

KODE (1.

calculate snubbed
direction cosines

CALL DRCSN
.

calculate stability |
coeff, for top
oM (7, 7)

contract matrix
CALIL MASH

FTOP (3,3)

calculate stability
coeff., for bottom

DM (7,7)

contract matrix
CALL MASH

FBOT (3,3)

combine FTOP

and FBOT
SNU (3,3)

| <Rﬁ‘) o

FIGURE 8.2 - FLOW CHART - SUBROUTINE LONGSN



.

no snubber ‘

effects
|

o )
-

IF

calculate unsnubbed
direction cosines
CALL DRCUSN

F— —————— coeff, for

, o
- KODE (10) .

o e
.

v

Fcalculate — 1
I

~stability

5% (B8 )
N

(A contract

; matrix

i CALL MASH

e -9
combine :
results of al
four cables

-

calcaiate snubbed
direction cosines
CALL DRCSN

FIGURE 8.3 - FLOW CHART - SUBROUTINE LATSN

repeat for
each cable




This matrix is reduced to a 3 x 3 matrix in y, Y and ¢. A similar
procedure is used to derive the contributions of the other three

cables, The effects of all cables are added and introduced in the
lateral stability matrix as SNU and SNUD.

8.2 UNSNUBBED SNUBBER EFFECTS

8.2.1 TRIM EFFECTS

The effects of the unsnubbed snubbers are modeled similar to
the snubbed case except for the calculation of the direction cosines
and the effective spring constant for each cable, The direction
cosines for each slack cable are calculated in subroutine DRCUSN
using the data from Table 1. This table contains a record of the true
angle (es) between the unsnubbed cable at the model tie down point
and the tunnel negative X axis vs, dynamic pressure and linear
distance (Ls) between model and tunnel wall tie down points. This

function is shown graphically below,

—
<“‘“PULLE\/ W TUNNEL WALL
L
TS s -4._.__.\1__.
\\es,K . —"MODEL TIE Down PoilT
F1G. 8,4
Ls = true linear distance between the model tie-down and side wall
pulley.
es = angle made between the slack cable and the tunnel centerline,
T _ = tension in cable at tie-down point.

The direction cosines are derived below for the top right snubber
in the unsnubbed condition. The other three cables are similarly de-
rived, Referring to Figure 8.4, the angle the cable makes with the

X-axis is:
« = - Cos™1 (

X eS)



The Y and Z axis angles are derived from the theoretical length
of a vector originating at the model tie-down point, intercepting
the tunnel side wall and running parallel to the force vector shown

below.

(snowe, SNUBL)

\ ‘ AV
—*————_—_

- MODE(L 7/€ DOMWN POINT
Fig. 8.5

The Y and Z components of this vector are:

b
z

L
y

A front view of this vector shows:

SNUWL -(WLCR + SNUZ - SNUX*SIN §)

SNUBL - (BLCR + SNUY)

Ry
/;Q/ RE
’/*EQY -t TONNEL $I0E WALL
from which: B = Tan ™t zz/zy

The theoretical length of the vector is then:

L = Ly/(Sin Gs)(Cos 8)

which implies the direction cosines are:

-1
£ a = Cos
y/; y Yy

2
]

-1
Lz/a o =Cos ™ £

<
]



These angles are in the tunnel axis system, converting to model body

axis:

o =o Cos B - o Sin 8

X b'e z
1

o =
Yy ¥

¢ =0o Cos 8 +qa 8Sin 8
z, z x

Since top and bottom cables are symmetric with respect to the
X-Z plane, the equations shown in Section 8.1.1 can be used once

again to describe the longitudinal force and moment contributions to

trim,
F =2 T Cos «
X 8 X
Fz =2 Ts Cos o,
M=

(-SNUX) F_ + ( SNUX) F,

The tension (Ts) as a function of dynamic pressure and length
(LQ is contained in Table 2.

8.2.2 STABILITY EFFECTS

The effects of the unsnubbed snubbers on longitudinal and lateral/
directional stability are modeled exactly as the snubbed case using
the direction cosines derived in the previous section. The effective
spring constant is calculated by obtaining the local slope of the
change in tension (TS) per change in length (Ls) obtained from
Table 2.

AT = K AL
K ATS/AL

The effects on stablility of the unsnubbed snubber are calculated in
LONGSN and LATSN and inserted into subroutines LONG and LAT as addi-
tional terms (SNU) in the matrices describing the system.



8.2.2.1 LONGITUDINAL STABILITY

Symmetry allows the top cables to be treated together and sim-
ilarly the bottom cables, The equations are exactly the same as
tabulated in Section 8.1.2,1. The direction cosines derived for

the slack cable are used in all equations except for the AL equation.

Since the spring constraint is defined in terms of a change in lin-
ear distance (Ls),the AL must be defined in terms of this length.
Therefore the snubbed direction cosines are used for this equation.
There are no damping terms (D &L) associated with the unsnubbed

cable,

8.2.2,2 LATERAL STABILITY

These terms are modeled exactly the same as the snubbed case

except for the changes described in the preceding section,



[caIlculate direction
cosines for snubbed
snubbers

(RE'I’URN)

SUBROUTINE DRCSN

{input: AERO ]

[calculate direction
cosines for unsnubbed
snubbers

' T
{RETURN
‘&.—

—_

SUBROUTINE DRCUSN

FIGURE 8.6 - FLOW CHART - SUBROUTINE DRCSN, DRCUSN




9.0 DESCRIPTION OF FEEDBACK MODELS

The feedback loops for both the longitudinal and lateral /directional
stability analysis are modeled using additional rows and columns in the

basic polynamial matrix representation of the dynamics.

The basic feedback elements for which provisions have been made in the

program are shown below in block diasgram form.

Se - T longitudinal
—._ _-ifh._ . e —— .__h . —
+ dynamics )
Ke s
e e e ] T_8+1 ©
3

S ~ ~ - i
SL__*’<:_ J *7  lateral/directional -
Af/'+ S, :I/"\\ . dynamics
+
i Kes
T1s+l
ks | |
R T A J

e



The equations describing the feedbacks are:

: Kg S .
= T8+

© 3

5 = Kesqs 5 i
= _—, - ———

a TlS+l r T28+l

The basic polynomial matrices are modified as follows to account

for the feedback control laws.

Longitudinal:
I ‘ m— — -
| -9 z
| §
e
BASIC : )
- 0
MATRIX | qSCz8
) e
|
‘l - chCMA ATF - 0
[ e
I
| X
|
|
(T3S + 1) (KgS) < (T3S +1) ge
L_ ——1 . pa—




Lateral/Directional :

B ' | 0
BASIC | -aSbC . =aSbC, y
I Y6 " &
| r a
MATRIX b -
i quCN6 ‘ quCN6 Y
| r a
|
: -quCLS -quC25 ¢
________________ _! r a
K, S -T,8-1 | 5.
.S -T.S-
5 T,8-1 5,

The longitudinal control law may be evaluated by setting KODE

(8) = 5.
The directional control law may be evaluated by the setting
KODE (9) = 5.

The lateral plus directional control laws may be evaluated by
setting KODE (9) = 6, 1If no directional loop is to be evaluated,
set AERO (123) and AERO (127) equal to O.

If no control loops are to be considered then KODE (8) =4
and KODE (9) = 3.

The basic control laws provided in the program (pitch damping,
roll damping and yaw damping) can be modified by manually changing
the definition of the elements in the 7 x 7 array 'CMAT' which de-
fines the linearized system dynamics. The Procedure ig similar to
that outlined above,  NOTE: The program is limited to 2nd grder

polynomials. Higher order terms can be handled using state vector

modeling.



10,0 PULLEY FRICTION

The assumption is made that the pulley-cable friction is made
up of two parts, rolling friction and coulomb friction. Both
rolling and coulomb friction combine to create s change in cable

tension around the pulley.

The rolling friction is treated as a linear term and the cou-
lomb friction is linearized using a describing function technique
to be described in this section., The terms are calculated in sub-
routine FRICT and added to the appropriate polynomial matrix through
array FRIC,

10.1 ROLLING FRICTION

Rolling friction is described by the rotational damping co-
efficient, C ~ (ft-#/RPS). The moment transmitted to the model is
then: p - ©

M, =T 8 N (10.1-1)
R b P p

o
where © is the pulley rotational speed and Np is the total normal
force acting on the pulley,

N, = J(T - T SIN BT)2 + (T cos B, )2

M, - E’MP J(T - T SIN BT)2 + (T cos_‘,sT)z ép




10.2 COULOMB FRICTION

Coulomb friction is by definition a non-linear effect where
the friction force is of constant magnitude and is always in such
a direction as to resist the relative motion. This non-linear
effect can be replaced by an ‘equivalent' linear effect employing
the following reasoning,

First apply a sinusoidal input in ep and look at the moment
output due to the coulomb friction,

Mg Sp M
+0.c
i m——— .ep \/t
-a‘c
FRICTION INPUT QUTPUT

The input can be modeled as:
I(t) =%p SIN wt
The output can be modeled as a Fourier series as follows:
M(t) = hac/n [SINwt +1/3 SIN3 wt +1/5 SIN 5 wt]

In terms of transfer functions we then have:

I(t) M t)

— G(t) —

or:

[Lep SIN wt] G6(t) = uac/n [SINwt +1/3 SIN3wt +1/5 SIN 5 wt + :l

The equivalent linear transfer function is defined as the
ratio of the fundamental mode of the output to the input.

G(t) = ba /m SIN wt/8p SIN wt = a_/m :ép

We now have a linear equivalent of the non-linear coulomb
friction which is:
Lg

M, = —2 ép (10.2-1)



a, is the static opposing force which is a function of wrap
angle and normsl force, This relationship is empirical and will
not be defined in the program, a, will be Iinput as a constant
(AERO (96)) which the user will have to determine.

Combining rolling and coulomb friction, we have the follow-

ing expression for the total moment,

Mp = [FMP Né] Bp + [}ac/T] ep (10'2_?)

Following the reasoning presented by R. M, Bennett in his
write-up, 'Comment On Mount System Damping Based On Pulley Rolling
Friction,' the total moment transmitted to the model (Mp) creates

an unbalance in cable tension arocund the pulley.

Te
(%x,

T+AT

assuming pulley inertia to be negligible, a moment balance produces:

AT=M/r = |T, N/r o + bha /m 5
/Ty [Mp o/ p:l D [ /| % (20.2-3)
The resulting forces and moments on the model can now be derived

using Bennett's equations,

10.3 PULLEY FRICTION EFFECTS ON LONGITUDINAL AND LATERAL/DIRECTIONAI, STABILITY

Only vertical pulleys will effect longitudinal stability.

Derivations for both front and rear vertical pulleys follow.

T

2o

@

T+A4T,+ AT,



Front Pulley

taking moments around top pulley:

IM =0
ATrp + MP =0
ATrp - EMP N ép - (ba /m) 0, =0
AT = (5Mp Np/rp) .ep + (hac/nrp‘) ep

the pulley rolling in terms of cable length is:

= - M 8 =
9 . A 1/r %, M’l/rp
epl = - AL/r
o 2 2
ATFl = (ch N /r ) (- Ml) + (uac/nrp) (-M,l) (10.3-1)

a similar approach with the bottom cables yields:

a1y = (CNM Np/rpe) (Ai,z) + (uac/nrp2) (AL2> (10.3-2)

p

. _ - 2 . .
So ATpponn = OTp + AT, = (ch N /r )(ALQ - ALl) .

1 2
(ha /nr 2)(AL - M )
¢ P 2 1

(10.3-3)



REAR PULLEY

T
M = 0 - ATI‘ +M =0
€ P
= M = - 6 -
AT, /r (}Mp Np p/r ka0 /nrp
T+ AT3 .
6 = AM_/r 6 =AM_/r
p 3'p P 3
T+ 4T, 3 3
@ AT3 = (-é};l Np/rp2> AL3 - (hac/ﬂrp? ) Mq (10.3-5)
b
N 2 py 2
A'I"4 = (CM N /r p) A, + (hac/nfp )M'h (10.3—6>
T+4T3+ ATy p
~ 2 L d L]
=f{C N - A
AleraR ( M /T p) (Mh A23) ¥ (10.3-7)
(hac/ﬂrp )(M'h - M3)
Since the tension AT AT is going to act at either

Front’ Rear
the top or the bottom pulley (depending on the direction of motion);

and since the arms and direction cosine are inherently different,
the effect of these friction contributions is discontinuous about
the trim for + perturbations in x, z and 8. To eliminate the diffi-
culty, an average arm and direction cosine in the position quadrant
is assumed for the action of the forces and moments.

The average direction cosine angles for the front vertical pulleys
are:

@ = (0’21 - Otll)/Q a, = n/2 - a (10.3-8)

The average arms for the front vertical pulleys are:
LX N (le } le)/e Lz = “’22 - le)/g (10'3'9)

The corresponding set for the rear vertical pulley is:



o, = (ahl - “31)/2 L =(L3x + th) /2 (10.3-10)

Z

@, =m/2 - T L = ("hz - 4,3z>/2 (10.3-11)

The friction contribution to the AFX, AFZ and AM for a front

and rear vertically configured pulley can be determined,

AF = ATpronm COS axF + DTpp,n COS axR (10.3-12>
AF, = AR COS Ty * Mpgp 008 %, (10.3-13)
MM = DM+ AR L - AF & (10.3-14)

M =M + M

My = (é;l Np/rp) (ALZ - M,l) + (hac/ﬂrp)(ALe i M,l)
M <é;[ N /rp) (Ai,h - AL3) + (hac/nrp)(M;h - AL3)

If either front or rear pulleys are horizontal, there are no

friction effects modeled for longitudinal analysis.

Similar expressions can be defined for the front and rear ten-
sions for the lateral [Mirectional analysis. In this case, however,
the horizontal pulley configurations are the prime contributor to
the perturbation dynamics, The horizontal pulley in the trim condi-
tion are symmetric about the x-z plane. Thus, the averaging for
the direction cosine and arms process required in the longitudinal

analyses are not required in the latersl analysis,



AFy = AT COS a2F + ATy COS a2R
AL =L yF, - 2F + L (10.3-15)
AN =% xF -yF + N
y x P
where 2 Nb . hac
Lp =3 —P-—2 (M’n'M’en) + = (M’n - ALG)
n=l r mr
F+rR P
2 EP_N? a
N =% 5 (M,n - A{,en) *— (M,n - A&2n)
n= r mr
F+R P

Flow diagrams for subroutines FRICT, FRVT, FRHZ are shown in Figures
10.1 through 10.3. Subroutine FRKT contains the logic determining which
configuration is to be analyzed while subroutines FRVT and FRHZ calculate
the friction effects for vertical and horizontal configurations respect-

ively.



S —

input
IDX

zero FRIC array

no
friction
friction

define cable config.
IND

Longitudinal \\\\\\\¥Lateral-Directional

10 11 12 13 22 2 21 20
Frt Vert [Frt Horig Frt. vent Frt. Horz. t Vert 7 It Hor t Hord Frt Vert
Rr. Horz.Rr. Vert.) Rr., Verf Rf. Horz. . Vert Rr Vert | pr Horz
Call FRVT (1) Call FRHZ (1)
Call FRVT (3) Call FRHZ (3
Call FRVT (1) Call FRHZ (3)
Call FRVT (3) Call FRHZ (1)

(rowoen )

Figure 10.1 - FLOW DIAGRAM - SUBROUTINE FRICT




input
IC
° - T . ‘—-.__mr : -— -
define:T = TR, r= RF’ front o rear define:T = TR, r = rR
Avg. dir. cos <<:T avg. dir. cos.
eq. 10.3-8 \\¢// eq. 10.3-10

defines avg.pt. of
action
eqg. 10.3-9, 10.3-11

computes CmpNp upper
r

11
D pulley
r, |
! computes lower
g r pulley

computes 4 8,

r 2
b

canputes Alu, AlL

, computes ATl, AT2
egs. 10.3-1, -2 or
10.3-5, -6

! compute Fric -

eq. 10.3-12, 13, 14

RETURN

FIGURE 10.2 - FLOW CHART - SUBROUTINE FRVT

]




input

IC
(M front rear
defines T = T " Ic ——————-{ defines T = T,
F’ . R
r _=‘ rF \, r = rR

.computes CmpNp

]
n

computes la,
r 2
P

computes Alu, All

computes AT

computes FRIC
eg. 10.3-15

— e —

L

FIGURE 10.3 - FLOW DIAGRAM - SUBROUTINE FRHZ




11,0 INPUT DATA

The format for input date is most easily explained by repro-
ducing the 'READ' statements as they appear in the program.

READ (IR, 1) (TITLE (I), I =1, 20) (1)
1 FORMAT (20AL)
READ (IR, 2) (KODE(I), I =1, 16 (2)
2 FORMAT (15I5)

Then either 3A or 3B: The value of KODE (7) will determine
which input to use,

READ (IR, 3) (AERO (I), I =1, 36) (3A)
CALL TABIN1 (1, 36) (See Appendix A) (3B)
Continuing:
READ (IR, 3) (AERO (I), I = hk, 59) (L)
— READ (IR, 3) (AERO (I), I = 66, 130) (5)

3 FORMAT (6 E12,5)

If unsnubbed snubber data is to be read in (determined by KODE (12))
the following statement applies.

CALL TABIN (1, 2) (See Appendix A)
If unsnubbed data is not to be read in computations begin.

After completion of the first run the following 'READ' state-

ments initialize another run,
READ (IR, 1) (TITIE (I), I = 1, 20) (6)
READ (IR, 2) (KODE (1), I =1, 16) (7)
READ (IR, 3) I, VALUE
I = element in the 'AERO' array to be changed.

VALUE = new value of the element



NOTE: If I > 1 this 'READ' statement is repeated,

If T = O the program begins computation.
All succeeding cases follow the seme format.

A description of the aforementioned arrays follows.

ARRAY DESCRIPTION
TITLE Alpha-numeric array containing title

describing the run to be made,

KODE Array containing various program option
parameters,

AERO Array containing all the input data pertain-
ing to model, mount system and tunnel condi-
tions.

11.1 KODE, AERO Description

A description of each element in the 'KODE' and 'AERO' array

follows:
NAME VALUE DESCRIPTION
KODE (1) Run number
KODE (2) -1 Calculate longitudinal stgbility only
0 Calculate lateral/directional stability only
+1 Calculate both longitudinal and lateral/
directional stability
KODE (3) 0 No root locus
+1 Do root locus
KODE (L) Element in 'AERO' array to be varied for root
locus
KODE (5) 0 Basic printout
+1 Basic printout plus various test parameters
KODE (6) +1 Front cable verticsl - rear cable horizontal
+2 Front cable horizontal - rear cable vertical

+3 Front and rear cable vertical



NAME VALUE DESCRIPTION
+ Front and rear cable horizontal
KODE (7) +1° Aero data to be input in table form
0 Aero data to input at specific mach number
KODE (8) + Longitudinal matrix with no stability aug-
mentation
+5 Longitudinal matrix with stability aug-
mentation
KODE (9) +3 Lateral/directional matrix, no stability
augmentation
+ Lateral /directional matrix, with yaw stab-
ility augmentation
+5 Lateral/directional matrix, with roll and
yaw stability augmentation
KODE (10) 0 No snubber
+1 Analyze snubber in unsnubbed condition
* Analyze snubber in snubbed condition
KODE (11) 0 No anti-1ift cable
+1 Anti-1ift cable in
KODE (12) 0 No unsnubbed snubber data input
+1 Unsnubbed snubber data will be read in



UNITS LABEL DESCRIPTION
AERO (1) 1/ft. /sec. CDU 3Ch/A(u/v ) -CD ]
L. u
AERO (2) 1/ft. /sec. CLU 3Cp/3(u/v) c, ]
u—
AERO (3) 1/ft. /sec. CMU 3, /3(u/v ) qu
AERO (k) 1/rad CDA aCp/3(a) c, ]
= O
AERO (5) 1/rad CLA 3, /3(a) C
L O
AERO (6) 1/red CMA 3C, /3(a) LCma_
AERO (7) 1/rad/sec CDQ aCp/3(dC/2v ) 'cD ]
L q.
AERO (8) 1/rad/sec CLQ acL/a(qE/zvo) [JL
q__
AERO (9) 1/red/sec CcMQ ac,/a(dC/2v ) c ]
L_q
AERO (10) N.D. CDO Drag coefficient at @ = O [cD ]
o]
AERO (11) N.D, CLO Lift coefficient at a = 0 [CL ]
(o]
AERO (12) N.D. CMO Pitching moment at o = O E:m ]
(o]
AERO (13) 1/rad CDDE 3Cp/a(5,) [CDs ]
AERO 14) 1/rad CLDE ACp/3(5,) [CD € ]
5
e
AERO (15) 1/rad CMDE ac, /a(s,) [Cm& ]
AERO (16) 1/rad/sec CDAD aCp/>(aC/2v ) 'CD'&}
o
AERO (17) 1/rad/sec CLAD acD/a({-f/evo) L'CL.
® — -3 d!
AERO (18) 1/rad/sec CMAD acm/a(ac/zvo) Coe
L o
AERO (19) 1/rad/sec CYB acy/a(e) 'cy
[ 78
AERO (20) 1/rad CLB Cc,/a(8) C,
. -
AERO (21) 1/rad CNB AC_/3(R) E:
n ne_
AERO (22) 1/rad/sec CYP acy/a(pb/evo) by A
L “p
AERO (23) 1/rad/sec CLP 3 ,/3(pb/2V ) ’cg
: L 2]
AERO (24) 1/red/sec CNP 3 /3(pb/2v ) [Cn
pJ
AERO (2 1/rad CYR ]
(25) /rad/sec 3C, /a(rb/2v ) o
AERO (26) 1/red/sec CLR 3 ,/3(rb/2v ) [cz ]n
r



UNITS LABEL DESCRIPTION
AERO (27) 1/rad/sec CNR 3C_/3(rb/2v ) Eln ]
r
AERO (28) 1/rad CYDR 3C_/a(5_) v
y r y6
AERO (29) 1/rad CLDR 3 ,/3(5,) c, r]
L b
AERO (30) 1/rad CNDR € _/3(5.) c_”
L 5
AERO (31) 1/rad CYDA 2, /3(s,) <, Y
[ ° 8
AERO (32) 1/red CLDA aC ,/3(s,) €, ]
_ 6, ]
AERO (33) 1/rad CNDA ac_/3(s,) ¢ ®°
| 75
AERO (3L) 1/rad CYDS 3. /a(s.) fc_ @
y 5 y6
AERO (35) 1/red CLDS 3 ,/3(5,) c, *]
L 8
AERO (36) 1/red CNDS 3¢_/3(s,) e °]
L 8
g
AERO (Lk) in, XREF* Distance from serodynamic ref. center
to the equation ref., center along the
X body axis
AERO (45) in, ZREF Distance from serodynsmic ref, center
to the equation ref, center along the
Z body exis
AERO (46) in, Xce Distance from model mass & inertia
ref, center to the equation ref,
center along the X body axis
AERO (L7) in, 2CG Distance from model mass & inertia
ref, center to the equation ref,
center along the Z body axis
AERO (48) AMACH Tunnel mach number
AERO (49) ft/sec VO Tunnel velocity
AERO (50) slugs AM Model mass
AERO (51) slug/ft3 RHO Tunnel density



UNITS LABEL DESCRIPTION

AERO (52) lbs WT Mdel weight

AERO (53) f't B Model reference span

AERO (54) ft CBAR Model reference chord

AERO (55) £t2 SW Model reference wing area

AERO (56) slug/ft XIXZ Model cross product of inertia
(Iy,)

AERO (57) slug/ft2 XIXX Model roll inertia (Ixx), body
axis at C.G,

AERO (58) s1ug/ft2 YIYY Model pitch inertia (Iw), body
axis at C.G,

AERO (59) slug/ﬂ:2 VAV Model yaw inertia (Izz), body
axis at C.G.

AERO (66) in, WLUF Water line-upper front cable
tie-down point (fr. vert.)

AERO (67) in, WLLF Water line-lower front cable
tie-down point (ft. vert.)

AERO (68) in, WLUR Water line-upper rear cable
tie-down point (rr. vert.)

AERO (69) in, WLLR Water line-lower rear cable
tie-down point (rr. vert.)

AERO (70) in, WLHF Water  line-horizontal front cable
tie-down point (ft. hor.)

AERO (71) in, WLHR Water line-horizontal rear cable
tie-down point (rr. hor,)

AERO (72) in, STAF Station-front cable tie-down
point (fr. vert. or hor.)

AERO (73) in STAR Station-rear cable tie-down
point (rr. vert. or hor,)

AERO (Th4) in BLHF Butt line-horizontal front cable

tie-down point (fr, hor.)



UNITS LABEL DESCRIPTION

AERO (75) in, BLHR Butt line-horizontal rear cable
tie-down point (rr. hor.)

AERO (76) in, WLCR Water line-equation reference point

AERO (77) in, STACR Station - equation reference point

AERO (178) in, BLCR Butt line-equation reference point

AERO (79) in, EF** Distance along X body axis from
ref. center to vertical front
pulley

AERO (80) in, ER Distance along X body axis from
ref, center to vertical rear
pulley

AERO (81) in, AF Distance along X body axis from
ref. center to horizontal front
pulley

AERO (82) in, AR Distance along X body axis from
ref, center to horizontal rear
pulley

AERO (83) in, HUCF Distance along Z body axis from
ref, center to upper front pulley

AERO (84) in, HLCF Distance along Z body axis from
ref, center to lower front pulley

AERO (85) in, HUCR Distance along Z body axis from
ref, center to upper rear pulley

AERO (86) in, HLCR Distance along Z body axis from
ref, center to lower rear pulley

AERO (87) in, DCF Distance along Y body axis from
ref., center to horizontal front
pulley

AERO (88) in, DCR Distance along Y body axis from

ref, center to
pulley

horizontal rear



UNITS LABEL DESCRIPTION

AERO (89) blank

AERO (90) in RVF Radius of vertical front pulley

AERO (91) in RHF Radius of horizontal front pulley

AERO (92) in RVR Radius of vertical rear pulley

AERO (93) in RHR Radius of horizontal rear pulley

AERO (94) 1lbs TRO Rear cable tension

AERO (95) lbs/in AKR Rear cable spring constant

AERO (96) ft-#/rad cou Pulley Coulomb friction (ac)

AERO (97) in STLTT Station - 1lift cable tie-down
point

AERD (98) in WLLTT Water line - lift cable tie-down
point

AERO (99) lbs TLFTO Lift cable tension

AERO (100) 1bs/in AKLFT Lift cable spring constant

AERO (101) blank

AERO (102) in ALTX* Distance along X body axis from
1lift cable attachment point to
the equation reference center

AERO (103) in ALTZ Distence along Z body axis from
1lift cable attachment point to the
equation reference center

AERO (10k4) ft-#/RPS CMP Pulley rolling friction coefficient

AERO (105) in SNUX*** Distance along X body axis from
model upper attachment point to
the equation reference center

AERO (106) in SNUY Distance along Y body axis from
model upper snubber attachment point
to the equation reference center

AERO (107) in SNUZ Distance along Z body axis from

model upper snubber attachment
point to the equation reference
center



UNITS LABEL DESCRIPTION

AERO (108) in SNLX Distance along X body axis from
model lower snubber attachment
point to the equation reference
center

AERO (109) in SNLY Distance along Y body axis from
model lower snubber sttachment
point to the equation reference
center

AERO (110) in SNLZ Distance along Z body axis from
model lower snubber attachment
point to the equation reference

center

AERO (111) in SNUST Station - upper snubber tie-down
point

AERO (112) in SNUWL Water line - upper snubber tie-down
point

AERO (113) in SNUBL Butt line - upper snubber tie-
down point

AERO (11L4) in SNLST Station - lower snubber tie-down
point

AERO (115) in SNLWL Water line - lower snubber tie-
down point

AERO (116) in SNLBL Butt line - lower snubber tie-
down point

AERO (117) 1bs TUSNO Upper snubber, snubbed tension

AERO (118) lbs TLSNO Lower snubber, snubbed tension

AERO (119) 1bs/in AKSNU . Upper snubber, snubbed spring con-
stant

AERO (120) 1bs/in AKSNL Lower snubber, snubbed spring
constant

AERO (121) lbs/in/sec ADSNU Upper snubber, snubbed demping

constant



UNITS LABEL DESCRIPTION

AERD (122) 1bs/in/sec ADSNL, Lower snubber, snubbed damping
constant

AERO (123) rad/rad/sec AKSY Feedback gain - yaw rate to rudder

AERO (124) rad/rad/sec AXPHI Feedback gain - roll rate to aileron

AERO (125) rad/rad/sec AKTHE Feedback gain - pitch rate to
elevator

AERO (126) blank

AERO (127) sec. T1SY Time constant for lag on yaw rate
feedback

AERO (128) sec, T2PHI Time constant for lag on roll rate
feedback

AERO (129) sec, T3THE Time constant for lag on pitch rate

AERO

*

(130) blank

feedback

See Figure 11,1 for pictorial representation of various reference centers

*%¥ See Figure 11,2 for pictorial representation of pulley geometry

*¥% See Figure 11.3 for pictorial representation of snubber cable geometry



11.2 TABLE INPUT

If the aero data and snubber dats are to be read in table format,

the following discussion applies,

The first 36 tables contain the aero derivatives in stability
axis vs. mach number, The order is the same as AERO (1) through
AERO (36). The units for each derivative are also the same as
AERO (1) through AERO (36 ). The table input format is shown in
Appendix A. This data is read in under TABINI.

The unsnubbed snubber data is contained in Tables 1 and 2.
Table 1 contains cable tension (1bs) vs. dynamic pressure (psf)
and linear distance (in) between model tie-down point and tunnel
side wall, Table 2 contains cable angle (rad) vs. dynamic press-
ure (psf) and linear distance (in) between model tie-down point
and tunnel side wall, The tensions‘and angles mentioned here are
described in detail in section 8.0, The table input format is
shown in Appendix A, This data is read in under TABIN,
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APPENDIX A

A-l TABIN, TABIN1
If data is to be input in teble form, subroutine TABIN is used,

When reading aero data the first independent variable is mach
number, When reading unsnubbed snubber data the first inde-
pendent variable is dynamic pressure (psf) and the second
independent variable is length (Ls) in inches,

Restrictions: 1. The tabular values for the independent variables
must be in algebraically increasing order,

2, The independent variables and functional values of
the table must:
a) Be single precision numbers less than 99999E9,
b) Have a maximum of 7 significant figures if
positive.

¢) Have a maximum of 6 significant figures if
negative,

A maximum of 99 cards is allowed for each table.

Usage: A, Tables are prepared according to the form on the
following page. Variable noted there are:

K = table number - any positive fixed point number.
Ll = Number of tabular values of the first independ-
ent variable (x).
I2 = Number of tabular values of the second inde-

pendent variable (y).

Seq. no, = sequence number of card within a table
beginning with O for the first card, 1 for the
second, etc,

Z = Value of the third independent variable (z).
A separate table is needed for each tabular
value of Z, :

F(i,j) = functional value for Xis ¥ys and Z.

The last card for every set of tables read in MUST
BE BLANK,



For first 9 x-values

For second 9 x-values

CARD FORMAT FOR EACH TABLE

‘/ K |m1 12 Seq.
No.
Column 9-12 13-14 15-16 71-72
( z ] ] 2 B %S % [T o R
v, E(,1)e(2,1) | £(3,1)| £(4,1) £(5,1) £(6,1) £(7,1)| £(8,1)] £(9,1) qu'
.
]
( e(1, £(2, £(3, 24, 2(5, 26, (7, £(8, £(9, Seq.
Y2 §2) 12) 12) 12) 12) 12) 12) 12) 12) No.
[z o] *11| T2l ‘3| ‘1 | Bus |*i6 | "7 | *a8 qu.
£(10, | £(11, | £(12,] £(13,| £(1k,| £(15,| £(16,] £(17,| £(18,] Seq.
y 1) 1) 1) 1) 1) 1) 1) 1) 1) | No.
H
/ £(10, | £(11, | £(13,| £(13, | f(14, | £(15, | £(16,| £(17,| £(18,| Seq.
Yo | 12§ 12} 12) 123 12} 2| 12 125 123| vo.
Col, 1-7 8-14 15-21 22-28 29-35 36-42 L43-49 50-56 57-63 64-70 T1-T2

Additional x values are similarly handled,

[/,éLANK CARD - last in set of data read in at one time,




B. Calling sequence:
CALL TABIN (NUMTBL, IZ, NG)

NUMTBL = Number of the first table to be read in.
= 1 for the first set of tables read in

on a job,

1Z = Maximum number of tables in storage at
one time,

NG a error returh - set equal to:

O - tables are read in successfully
1l - error in loading tables.

C. COMMON statement to be made in the calling program:
COMMON ZZZ(n)
where ZZZ is a dummy name, n is computed as follows:

1z
n =312 + 2, (11, +1) (12, #)
i+l
ZZ7Z must be the first arrasy stored in blank COMMDN,

A-2 STINT, STINT1
Subroutine STINT is a linear interpolation routine used to
gather data from the tables,

Purpose: To loock up in & table and interpolate functions of
1, 2, or 3 varisbles,

Restrictions: 1, CALL TABIN to read in tables (see TABIN write-up).

2. Extrapolation is not performed for arguments off
the tables.

Method :* x = ARGl X, <x < x X5 %X - congecutive
tabular values
'y = ARG2 Y <x< ¥y Yoo ¥q - consecutive
tabular values
Z = ARG3 z_ <z <z z , 2z, - tabular values for
o] 1 o] 1l

congecutive tables
£(i,3) functional velue at (xi, yi)



Usage:

(y1-v) [(xl-x) £ (0,0) - (x-x) f (1,0)]

CEAECEN

(3,9 [(g-9) £ (0,1) - (x-0) £ (1, 1]

(yy-y ) (x-x)

Single table interpolation

FCT = £(1,0) -

X -x

-X
[e]

(£(1,0)-£(0,0))

Double table interpolation

FCT = A

Triple table interpolation

A is found for the z, table (Ao) and the z, table (Al).

FCT==A1-

Z_~-

17Z
z2,-Z (Al-Ao)

CALL STINT (ARGl, ARG2, ARG3, MINTBL, MAXTBL, FCT, NG)

ARG1
ARG2
ARG3
MINTBL
MAXTBL
FCT

NG

floating point value used as search argument 1
floating point value uséd as search argument 2
floating point value used as search argument 3

. lower bound of table position number.

upper bound of table position number,

floating point variable which is returned
with the result of the interpolation.

Error indicator
1 - error in loading tables (set by TABIN)

2 - error in calling sequence or machine error
3 - argument not in domain of table

4 - argument(s) are within tables but function
is discontinuous or non-existent.



If there is no error, the last value of NG
remains in storage. NG should be interrogated
after each return from STINT, If NG # O, set
NG to O after taking appropriate error control
action and before calling STINT again,

For single table interpolation set ARGR = O, and ARG3 = 0O

For double table interpolation set ARG3 = O,

For triple table interpolation
Normally at least 2 tables are needed. The
tables must have consecutive position numbers.
If ARG3 is exactly equal to the tabular value
of z (third independent variable), only one

table is needed.

MASH

A-b

Subroutine MASH is used to reduce large matrices to smaller

oneg, It only reduces terms of the same order.

MATRIX, PRBM1, PQFBl

Subroutines MATRIX, PRBMl, and PQFBl are used to obtain the eigen-
values of the polynomial matrices defined in subroutines LONG and
LAT. Subroutine MATRIX takes the polynomial matrix and derives
the characteristic polynomial for that matrix. The roots of the
characteristic polynomial are then established in subroutines
PRBM1 and PQFBlL. PRBM1 and PQFBl are called from MATRIX. The di-
mension statements for this routine are presently set up for a
7 x 7 matrix. If in the future this is to be changed the following
definitions will be necessary.

Call MATRIX (A, N, ROOTS, K4A, IER)

A: Input matrix, Dimension = (N, N, 3) the first index
refers to the row, second to the column, and third to the
polynomial coefficient with A (i, j, 1) = constant term,
A(i, j, z) = linear term, etc.

N: The actual size of the input matrix.



ROOTS: A complex array. Dimension = 29
KU4A: Equals the number of roots generated.

IER: Contains error code message. See listing
of PQFBl and PRBM1 for description.

The routine is limited to second order polynomials. That is, each
polynomials represented in the A array can be no greater than

second order.



APPENDIX B

A sample listing of input data 1s included as an example, The
set of input cards listed below is the set provided with the accompany-
ing deck,

Referring to the listing, Case 1 is one in which & root locus is
done with the rear cable tension being the parameter varied. Both
longitudinal and lateral stability calculations are made, The cable
configuration is front vertical rear horizontal with no snubber effects.,
Case 2 is the same variation in rear cable tension with the unsnubbed

snubber effects included, Case 3 is one in which the values for CL
o

and C_ are changed and only longitudinal stability effects are cal-

culated. In Case h,CL and C~ are put back to their original values
o o

and the front pulleys are changed to the horizontal configuration,
The output corresponding to this input data is contained in APPENDIX C,



FILEO CARLF DATA P1
ST DATA LRC
- 1 1 1 94 0 1 0 4
A ¢ S B O IS ’ " Do ' 0.
Oe. LIPS -8 «018
O + 96 ~1e5 Oe
TTTEYTY =035 T eI1Y Oe
0. « 050 -e 092
Ce
4,35 +00039 140, 9.16
".ll 1R 14, 14.
T 89 T T -59,
10, 285, 80.
2644
— e — - -
«88 + 88
177 - e 96
T ZeT T 3. « 05
2e 3. 2e 180,
180. =96 72,
T80 T © O - G -
4]
1 4 3
I © S ¢ B 20, 100, 200,
0 o} 20 . 60. BO.
*00. ¢ 25, 65, 85,
T T _J90. U 30. 70, S0.
2 4 3
0 8] 30. 100. 200,
- 0 77 1.57 1.20 1.00 « 60
100, 1.57 1.10 « 90 e 40
200, 1.57 1.00 «80 «20
T s o BLANK CARD
TEST DATA UNSNURRED SNURRER
2 1 t 94 0 1 0 4
h BLANK CARD i
TEST DATA CHANGE CL AND CM ALPHA
3 -1 0 0 (¢} 1 (o] 4
B 8BS i ’
6 -1 o3 '
BLANK CARD
TEST DATA FONNT PULLEY HODRIZDONTAL
[ 3 1 a) 0 0 4 0 4
S 6.2
- B -.B
70 0
T4 80,
a1 7644
a7 Re4
91

88

BLANK CAPD

80,

G RUMMAN

6426
.105
0.

T Sa19

1.4

8.

140.

D,

96.
80,

D AT A

-e81

+035
0.
‘OOI

430.
11.5

175.
8.4

2.
72
S0.

SYSTEM

L N RN VI

W N -



APPENDIX C

Contained in this Appendix is the program output

corresponding to the input list shown in Appendix B.
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APPENDIX D

Contained in this Appendix is a program listing. The subroutines as they appear in the
listing are itemized below:

EXEC ROUTINE
SUBROUTINE RUTLOC
SUBROUTINE TRANS
SUBROUTINE TRAN1
SUBROUTINE LATSN
SUBROUTINE TRIM
SUBROUTINE EQU
SUBROQUTINE FPLYV
SUBROUTINE RPLYH
SUBROUTINE DLGTH
SUBROUTINE DCOSLG
SUBROUTINE LONG
SUBRGUTINE PRINTR
SUBROUTINE MASH
SUBROUTINE LAT
SUBROUTINE DCOSD
SUBROUTINE SNTRM
SUBROUTINE LONGSN
SUBROUTINE DRCSN
SUBROUTINE DRCUSN
SUBROUTINE RITE
SUBROUTINE STINT
SUBROUTINE TABIN
SUBROUTINE STINT1
SUBROUTINE TABIN1
SUBROUTINE FRICT
SUBROUTINE FRYT
SUBROUTINE FRHZ
SUBROUTINE MATRIX
SUBROUTINE POLADD
SUBROUTINE POLSUB
SUBROUTINE POLMPY
SUBROUTINE MATMPY
SUBROUTINE TRACE
SUBROUTINE COMPBI



_APPENDIX D (CONT.)

SUBROUTINE ENVERT
SUBROQUTINE SCALER
SUBROUTINE EQUIL
SUBROUTINE PRBM1
SUBRQUTINE PQFB1
SUBROUTINE ENVERT
SUBROUTINE SCALER
SUBROUTINE EQUIL
SUBROUTINE PRBM1
SUBROUTINE PQFB1



FILE

C EXE

OOITP>POONONLWN™

1

ODPpO OO S WN -

DN S WN -

[S I~ VIR VI

CABLE FORTRAN P G KR L & 0 AN D AT A SYySsT
C ROUTINE REGINS HERE CaL 00010
COMMON /DAT/AERO( 1S0) WAERDP (S0) +KODE {20) oL L CBL00020
COMMON /SNUBH/SNU({ 3,3) ySN{30)  THUSN, THLS® 4SAUC (3 ,3) CBL 00030
COMMON 27222002 CBLO00AO
COMMON /TAB1/2Z(ECC) CBLO000SO
COMMON /DL/DUM( 1C,10) CBL 00060
DIMENSION TITLE(2C)sSAVE(50) » SAVEL (150) CBL 00070
EQUIVALENCE(AEROC( 1)s CDU)(AERO( 2), CLL)  (2EFRC( 3), cMU ), CBL 00080
{AERO({ 4), CDA)L{(AERO( 5)y CLZ2){PEFRO( 6), CMA), CBL 00090
(AERO{ 7)» CDQ)-(AERO( B) s CLC)(AERCC 9), CMQ)Y cBLO00100O
{AERO(10)s CDO)+(AERO(11)s CLC)C(AERQ(12), CcMO), <BLoO110
{AERD(13), CDDE) 4, (AERO(14) , CLCE) y(AEFC{15), CMDE), CBLO0O0120O
(AERO(16)s CDAD) +(AERO(17) ,CLAC) o(PERC(18),CMAD), caL00130
{AERO(19), CYB),{AERO(20) s C(CLE)(AERC(21), CNE), CBL00140
(AERO(22)s CYP)+(AERO(23) s CLF)(AERO(24), CNP), CBL001S0
(AERO( 25)s CYR)»(AERO(26) , CLR) +{AEROC(27), CNR ), CB. 00160
{AERD{28)y CYOR) ¢{AERC(29) 4 CLLF) 4(AERC{30),y CNDR), cCEo00170
(AERO( 313s CYDA)+(AERD(32) + CLCA)L(AERCI(33)s CNDA), caLoo0180
(AFRO(24)s CVYDS)s (AERDO(35) ¢+ CLLCS) o (AEFRO(36)s CNDS)» ceL 00190
{AERO(44), XREF) 4 (AERO(45), iFEF) ,lAEFRC(46), XCG), ca 00200
{AERO(47), ZCG) CBL 00210
EQU IVALENCECAERO (4E) AMACH) + (AERD (49) o\ C ) s (AERC (50), AM) ceL 00220
EQU IVALENCE(AERO (51) 4RHO )  {AERO (52) , wT) ¢ (AERGC (53),8 y <CBaL00230
EQU IVALENCE(AFRO (54) ,CBAR ) o {AERO (55) «S® ) s (AERC (56}, XIXZ) CBL 00240
EQUIVALENCE(AERD (S7)eXIXX ) e (AERO (S58) «YIVY } ¢(AERC (S59)+212Z ) CHBLO02S0
EQUIVALENCE(AERDO (€0),CLT ) ,(AERO {61) (CCT )+ lAERC (62),CMT ¥y, CBL 00260
(AERO (63).THE TA) ceL 00270
EQUIVALENCE(AERDO (6€)s WLUF) o {AERO(67) ¢ WLLF) o{AERC(568), WLUR), ceL 00280
(AERO [69), W.LR) ,{AERO{(70), WwLKF) ,{AERC{T71), WLHR), CaL 00290
(AERO (72)s STAF) 4 (AERO(73) s STAFR) +{AERC(74)+ EBLHF), CeL 00300
(AERO (75)+ BLHR) + (AERQ(76) s+ WwLCEK) «{AERC(77),STACR), CeL 00310
{AERO (78) 4 BLCR) 4 (AERG(79) EF) , ({AERC(8B0O), ER)Y, caeL 00320
{AERO (81)., AF) + {AERO(E2) , AFR) J(AERC(B3)+ HUCF), €BL 00330
(AERO (84) s HLCF) » (AERO(85) ¢« HULCF) + (AERO(B6)s HLCR), CBL 00340
(AERO (€7), DCF),(AERO(88), CCFr), CBL 00350
(AFRO (SQ0)s R VF) +(AERG(91) FHF ) s (AERC(92)» RVR), CBL 00360
(AERU(S3), RHR) « (AERD(94) , TFO) « (AERCI(95) » AKR) o caL 00370
(AERO(SE D, COU) + {AERC(STI «STLTIT) ¢ {AERCIGB) «WLLTT ), CBL 00380
(AEROC(S9) s TLFTO) s (AERDO(100) s AKLFT) , cBL 00390
(AERO(102) ALTX),(AERO{103), ALYZ),(AERC(104), CMP ) CBiL 00400
EQUIVALENCE{AERO(10S)s SNULX) s (AERO(106) ¢ SMLY) J(AERC(107), SNUZ), CBLOO41O
(AERO(108) s SNLX) s (AERG(109) ¢ EMLY) (J{AERC(110), SNLZ), CBLOOA4Z20
{AERO{111)ySNUST) s (AERDO{112) ¢SPLWL) ,{AERO(113),SNUBLD, CBLO0430
CAERO(114)+SNLST) ¢ (AERC(115) oSrLUL) +(AERC(116),SNLBL)Ys CBLO044O
(AERD(117)+ TUSNDO) « (AERO(118) «TLSNL) s (AERC(119),AKSNUY, CEBLO00ASO
[AERO(120) jAKSNL) o [AERO{121) 4ACSNMU) L {AERC(122),ACSNL )y CBL0O046EO
(AERD(C123)¢ AKESY) +(AERO(124) A rFHI ) + (AERC(125)s AKTHE ), CBL 00470
{AERO(126) ¢« AKAZ) ¢ (AERU(127) s TI1SY){AERCG(128),T2PHI)e CHBLO0480
(AERO(126) 4 T3THE) ,(AERC(130), T422) CBL 00490
EQUIVALENCE(AERNDP( 1)+ CXUP) s (AEROP( 2) 4 C2LF) J(AEFRCF( 3), CMUP)s CBLOOS00
(AEROP{ 4), CXAP) ,(AEROP( S) 4 C2AF) ,{AERCP( 6),4 CMAP), CBLOOS10
{AEROP( 7)¢ CXQP) o {AEROP( B8) s C2CF) o(AERCF( 9), CMQP), CHBL00S20
(AEROP(1C)ys CXOP)+»(AEROP(11) ¢ C2CF) +(AEFCF(12)s CMOP)y, CEBLO0S3O
{AEROP (13) 4CXDEP) 4 (AERCF{14) CIiCEF) y(LERCF(15),CMDEPR), CEBLO00S40
(AEROP(16) +CXADP) s {AERDOP(17) +CZ2ADP) + (AERCF(18)+CMADP), CBLOOSSO

E M S



TILE CABLE FORTRAN P11 G R LU MDMAN D AT A SYSTEMS

6 . (AEROP(1S)s CYBP) (AEROP(20) s CLEF) + (AERCFP{21)s CNBP), CBLO0S60
4 (AEROP(22), CYPP) 4 (AEROP(23) 4 CLFF) ,{AERCF(24), CNPP), CBLOOS7O
(AFROP(2€) s CYRP) o (AERCP(26) 4y CLFF) 4CAERCP(27)s CNRP), CBLOO0SEO

9 (AERDP (28) +CYDRP) o (AERQOP ({29) +CLCHP) 4 (AEROP(30).CNDRP), CBL 00S90

A {AEROP [31) yCYDAP)  (AEROP{32) ¢CLCAF) ({AERCFP(33),CNCAP), CBL 00600

B (AEROP (34) ,C YD SP) 4 (AEROP(3S) ,CLLSF) 4 {AERCF{36),CNLCSP) CBL 00610
EQJUIVALENCE (SN( 1)e GX1)elSN{ 2)e GY1)(SN( 3), GZ1), CBL 00620

1 CENC 4)s GX2)oISN( S) s GY2)s{SEN( 6)» GZ2). CBL 00630

4 {SNL 7))y GX3)e(SN{ 8)y GY3) (SN[ 9), GZ3), CcBL 00€40

3 (SN(10)e GX4)s{SN(11D) s GY&D)(SN(12), GZA ), CBLOO0ESO

4 (SNC13), THUD s (EN(14), THL) + {EN(1S) . ALU), CBL 00660

S {sNl1€), ALL), CBL 00670

6 (SNULS) «THG X1 ) o {SN(20) ¢ THG Y1) ¢ (SNE21) s THGZL ), ¢ 00680

7 CENC22) o THG X2 ) o {SN(23) s THGY2) ¢ {SN{24) ,THGZ2), cBL 00690

B [SN{2E) yTHG X3 ) 4 {SEN{26) s THGY3) 4 {SN{27) ,TKHGCZ3), <BL 00700

9 [SN(28)+sTHG X4 ) ¢ (SN(29) s THGYA) ¢ (SN (30) »THGZA) CBLQ0710
KASE=0 ce. 00720
IR=E CcBL 00730

Iw = CBL00740
L_-L=¢0 CBL007S0

DD 11 JU=1,€C CBL 00760

11 SAVE({J)=6G¢<S, ceLoo077o0
LL=0 cBLOO780
REAC(IR, 1SCIM TITLE(I) .1 =1,20) CBL00790
READ({IRe 20CI(KODE(I)el=1,18) ceL 00800
200 FORMAT{1€1%) ceLoo0810
WRITE(IWs 17C) KODE( 1) s (TI TLE (1) oI =1 +20) cBL 00820

1- FORMAT( 1 1s3Xe *CASE NU=%31354X%4,20A4) ceL 00830
~ CALL RITE CBL 00840
IF(KODE( 7).FQe1) GG TO 10 CBL 00850
REAC( IRy 10C) AFRO(1),1=1,36) cBL 00860

G TO =zO CBL 00870

10 CALL TABIN1{ 1s ZESNG) CBL 00880
IF(NG.EQ.0) GO TO 2¢C CBL 00890

WR ITE( IW, 2C0) NG CBL 00900
300 FIRMAT(//y* ERROR IN READING TABLES 1-=36,AG=" ,12) CBL 00910
GDY TO £Q0 CBL 00920

20 READ( IR, 10CYCAERO(I)s =44 ,55) CBeL 00930
REAC{ IR, 10C) AERO(I )y I1=€64130) CBL 00940

100 FORMAY(EF1245) CBL 00950
IFI(KODE( 12).NEwl) GO TO 32 CeL 00960
CALL TABIN( 1, 2,NG) CBL Q0970
IF(NG.FQ.0) GO TO 32 CBL Q0%80
WRITE( Iws 420) NG CBL 00990

420 FIRMAT(* ERROR IN READING SNUBBER DATA 1TAELE AG=*,13) cBLO11000
GO TO €<cCC ¢BLoO1010
1000 DI Z€ I=1, 150 ca.01020
28 AERNO(IY=SAVEL(I) CBL01030
REAC(CIR, 1ISCITITLECIL) +I =1,20) ceLo1040

150 FORMAT( 20A4) CBL 01050
KASE=1 <BLO1060

DO 34 J=1.EC cBL01070

34 SAVE(J )=G6GGG, <eL 01080
REAC{IRs 20C)I(KODE(I)sI=1,18) CBL 01090

WRITE( IWe 17C) KODE( 1)+ (TI TLE(1) 41 =1 ,20) cBLo01100



FILF

26

350

351

22
32

30
36

40
400

360
31

801
80v
25
42
27

48

802

49

803

804
S0
70

700

80

CARBLE FOR TR AN P1 G F UNM P AN
CALL RITF

WR ITE( Iw, 2€2)

FORMAT/| 32X, *DATA CHANGE *)

REAC(IR, 3€C) Ko VALUE

FORMAT(I3,E124€%)

we ITE( Iw, 251)K , VALUE

FORMAT( 2X4s 13y 2X9G12e5)

IF(K L Tel) GO YO 22

AERO(K )=VALLE

IF(K oL T«27) SAVE(K)=AERO(K)

GO TO Zé¢

LL=¢C

IF(KODE{ 7)<EQ+C) GO TO 31

00 30 I=1, 2€

CALL STINTI(AMACHs0404¢l oI sAERC(I) ¢NG)
IF{INGeNE«C) GO TO 4C

CONT INUE

DO 3€ J4=1, 2€

IFISAVE( J) «NE «GSSSSe) AERO(J) =SAVE (J)
G) TO 31

WR ITE( IW,4CC) I,NG

FORMAT( /7, * FRROR IN TABLE NO®,I4,°NG=¢ ,13)
GO 10O £00

FORMAT( EE1C.3)

IF(KASE sEQ 1) GO TO 9

WR ITE( IW,EC1)

FORMAT(SXs *INPLT DATA AS SPECIFIED IN AEFRC AFRFRAY')
WR ITE( IWe ECODX( I+AERO(]I) o1 =1,13G)
FOIRMAT({S(2Xy "AERO(*413,°)=?,G1Ca3))
DO z£ 1I=1,1€0

SAVEILI( [)=AERO(1)

IF{KONE( 2)«EQe«C) GO TO 48

PO 27 I=1, 15C

AERO( I I=SAVEL(T)

CALL RUTLOC

IF{LL «£Qe0) GO VO 1000

CALL TRAN1

IF{KODE( £)+EQC) GO TO 43

WRITE( Iw, 8C2)

FORMAT( 44X, "AERO DATA IN STAB. AXIS AT ECLATe FEFe CENTER®')
WR ITE{ IW, ECCI{T,AERDO{I) 41 =1,36)

CALL TRIM

CALL TRANE

IF(KODE(S)eENWC) GO TO E£0

WR ITE( IwW,EC2)

FIRMAT (4Xy *AERO DATA IN B3CDY AXIS AT ECULAT.e FEFe CENTER®)
WRDITE( IWe BCAN( I AEROP (I )41 =1 436)

FORMAT(S( 2%, "AEROP(*413,%)=%,G10.3))
IF(KODE(Z)) 7C48C,49C

WRITE( [We 7CC)

FORMAT( ¢ +4+4+44¢ LONGITUDINAL STABILITY ++4¢+°¢)
CALL LONG

IF(KAODE( 2) Q1) GO TO 42

GO TO 10CO

WR ITE{ Tw,75C)

O AT A

SYSTEMS

ceLotilo
ceLo01120
CBL01130
CBLO1140
cBLO1150
CRLo1160
ceLoltrvo
CBLO01180
<L 01190
CBL 01200
¢sLo1210
cBLO01220
cBLo1230
CBL 01240
ceLo12so
CBL 01260
CBL 01270
cBL 01280
ceLo1290
CBL01300
<BL01310
CBL 01320
cBLO01330
CBLO1340
CBL 01350
CBLO1360
ceL 01370
caL 01380
cBL 01390
CBL 01400
ceLo01410
CBLO1420
(BLO1430
CBLO01440
CBLO14S0
CBLO1460
CELO1470
cBLO1480
CBLO1490
CBLO01S00
CBLO1S10
CBLO1520
CAL 01530
CBLO1840
cBL 01550
CBLO01560
CBLO1570
ceLo1s80
CBLO1S90
CcBLO1600
cBL01610
cBLOo1620
CeL 01630
CBL01640
ceL 01650



FILE CABLE FORTRAN P1 G F LU FMMNMAN D AT A SYSTEMS

750 FORMAT( ' +++4+ LATERAL/DIRECTICNAL STABILITY #444°) CBLO1660
CALL LAY cCBLO01670
IF(KODE( 3)+EQel) GO TO 42 CeL01680

= 60 YN 10¢CO CBL 01690

90 WR ITE{ Iw,7CC) cCBL 01700
CALL LONG CBLO1710-.
WRITE( IW, 75C) cCAL01720
CALL LAT CcB8L01730
IF{KODE[ 2).EQ+1) GO TO 42 ceLO01740
GO TO 10CO CBLO1750

500 STNP CBLO01760
END cCBLO01770
SUBROUTINE RUTLOC CBLO1780
CNMMON /DAT /AERO( 15C) yAEROP (S C) +KODE {20 4L 1L CBLO1790
IW=¢€ CBL 01800
IF(LL.GT.C) GO 1O 42 ceLo1810
II1=KQDE( 4) CeLO01820
VARY = ABRS(AERO({Il)%a1) CBL 01830
ANOM= AERO(IT) CBL 01840
L=0 cBL 01850
LL =1 CBL 01860
WRITE( Iw ,€00) 11 ceLo1870

600 FORMAT( I1H1s2Xe®* ROOT LOCULS VARYING AERC(® 413,%)*) cBeLo1880

42 L=L+1 CBL 01890
11 =K0ODE( 4) CBL 01900
AERO( 1 1)=ANOM= S ¥ VARY+L*VARY cB8LO1910
IF(L «GTeS) GO 10 44 CBLO1920
WR ITE( IW, 1EG) KODE(4)4AERO{I1) CBLO1930

ro0 FORMAT( /ZXe SHAERO( ¢ I3+2H) =¢G12e5) CBL 01940
RETURN CBLO01950

44 AFRO(II)=ANOM CBLO1960
LL =0 CBLO1970
RETURN CBL 01980
END CBL. 01990
SURRQUTINE TRANS CPL 02000

C THIS RNOUTINE CALCULLATES BUDY AXIS AERC DATA 21 CF FRCM STAB. CBL 02010
C AX1IS AERO DATA AT CR CBL 02020
COMMON /DAT/ AERND(1S0)+AEROP (S50) ¢KODE (2C) ol L CBL 02030
EQUIVALENCE(AERO( 1)y, CDU)LlAERO{ 2), CLU)I{AERC( 3), CMJ), CBL02040

1 (AERO( 4)s CDA)L(AERC{ S)s CLA)SL(AERC( 6)¢ CMA), CBL02050

2 (AERQ( 7). CDQ) « (AERO( 8) CLC) + ({AERCL 9) . CMQ), cCBL02060

3 (AERO(10)s CDO)+(AERO(11) s CLL)L(AERO(12)s CMO), CA. 02070

4 {AEFPO(13), CDDE){AERO{14), CLCE) ,{RERC{15), CMDE), CcBL02080

5 (AFRO( 1€)e CDAD) ¢ (AERO(17)+sCLAC) +(AERC(18),CMAD), CBL 02090

6 (AERD(19), CYB) s (AERC(20) » CLE) ¢« (PERC(21) CNB), CBLO02100

7 (AERO{22)y CYP),(AERO([23)y CLF),{AEFRC(24), CNP), CBLO02110

8 (AERD(25)s CYRJIJ{(AERO(26) ¢ CLFR)L(AERC(27):s CNR), cBL 02120

9 (AFRO(28)s CYDOR)s{AERD(29) ¢ CLLCFK) ((AERO(30)s CNDR), ceLoz130

A [AERD(31)y CYDA) ((AERDO{32) 4 CLCA)4{AERC({33), CNDA), ceLo2140

5 {AFEROC24), CYDS) 4{AERD(3S), CLLE) ((AERC(36), CNDS), caoz21so0

C [AERO(44), XREF) ,{AERO[45)y 2FEF) ,(AEFC(46)s XCG)s CBLO02160

D (AERO(47)s ZCG) o (AERC(63) 4 THE T18) ceLoz2170

EQUIVALENCE(AFROP( 1)s CXUP) s (AERQP( 2) 4 C2UF) 4{AEROP( 3), CMUP), CHLO2180
{AEROP( 4)e CXAP) «(AEROP( S) ¢ CiAF) lAERCP( 6), CMAP), CAL 02190
(AEROP( 7), CTXQP) o (AEROP( B8) 4 C2GF) 4 (AERCFP{ 9), CMQP), CBL 02200

nN =



FILE CABLE FORTRAN P11 G FUNMDMAN D AT A SYST EMS

3 (AEROP(10)e CXOP) +(AEROPI{11) s C2CF) +(AERCP(12), CMOP), CBLOZ2210
4 (AEROP(13) +CXDEP) » (AEROP(14) ¢C2DEF) +(AERCF(15),CMDEP)y CHL02220
5 (AEROP (16) C XADP) ¢ (AERCGP (17 ) ¢CZACF) ¢ {AERCF{18),CMADP), CHL 02230
6 {AEROP {1S) ¢ CYBP) J(AERCP(20) « CLEF) ¢ (AERCP(21)s CNBP), CBL 02240
7 (AFROP(22) s CYPP) »(AERUOP(23) 4+ CLFF) o (AERCP(24), CNPP), CBL 02250
8 (AEROP(2S) s CYRP) s (AEROP(26) v CLRF) JI(BEROF(27)s CNRP), CBL 02260
9 {AEROP [ 28) 4CYDRP) ( (AEROP{29) ¢CLLFP) ( (AERCF(30),CNORP), CEL 02270
A (AEROP(31) +sC YOAP) + (AERQOP(32) +CLCAF) o (AERCP(33).CNDAP), CBLOZ2280
B (AEROP (34) +C YD SP) s {AERCOP(35) ¢CLCSF) ¢« (AEROP(36 ), CNDSP) (CBL0O2290
Iw=¢ CBL02300
ALPFA=THETA caLoz2310
SNALF= SIN(ALPHA) cBL 02320
COALF= COS(ALPHA) CeL02330
SNSQ = SNALF*®%xZ CBL 02340
CNOSQ = COALFXx%Z cBL 02350
SNCD = SNALF*COALF cBeL 02360
COU=CDU+Z x{CND+CDA*THE TA) caL 02370
CLUSCLU4Z «*¥(CLO+CLAXTHE TA) cBL 02380
CDA=CDA-(CLO+CLAXTHETA) CBL02390
CLA=CLA+CCO+CDAXTHE TA cBL 02400
CXUP =—=CLL AX SNSQ-CDUXCO SQ+(CDAFCLU)ERSNCC ceLO02410
CZUP= CDA%XSNSO-CLUXCOSQ+{(CLA-CDU)*SNCO cCBL 02420
CMUP= —-CMA XxSNALF+ CMU ®COALF CcBL 02430
CX AP = CLUXSNSQ-CDA¥XCOSQ+(CLA-CDU)XRSNCC CBL 02440
CZAP==CDUL* ENSQ-CLA*COSQ-(CDA+CLU)*SNCC CBL 02450
CMAP= CMU xSNALF+ CMA XxCOALF CBL 02460
CX QP = CLQOXxSNALF-CDQ*CQOALF cBL 02470
CZQP == (CDQ X SNALF +CLQ*COALF) CBL02480
~ CMQP= CMQ CB_02490
CZ ADP==CLADXCOALF+CDAD#* SNALF CBL 02500
CX ADP=-CDAD*COALF~-CLAD* SNALF CBL 02510
CMADP= CMAD caL02520
CXCEP= CLDE*XSNALF-CDDE*COALF CBL 02530
CZ CEP==CDDEXSNALF~-CLDE*XCOALF cBLO02540
CMDEP= CMDE cBL0255S0
CYy EP= (CYB CBL 02560
CNBP= CLLB *SNALF+ CNB *COALF cBL 02570
C_RP= —~CNB %®*SNALF+ CLB *CQALF caL 02580
CYPP= (-CYRXSNALF+ CYP*CNDALF) CBL 02590
CNPP={ ~CLR*SNSQ+ CNP%XCO0SQ+ (CLP= CNR)*SACO) CBL 02600
CLPP=( CNR*SNSQ+ CLP®CO0SO- (CLR¢+ CNF)%SENCC) cAL 02610
CYRP= ( CYPERSNALF+ CYR*®COALF) cCBL 02620
CNRP={ CLPXSNSQ+ CNR*COSQ+ (CLR# CNF)ESNCC() CBL 02630
CLRP=(~-CNPXSNSQ4+ CLR*®COSQ+ {(CLF- CNR)ESMCC) CBLO2€40
Cy CAP= (CYDA CAL. 02650
CNCAP= CLDA*XSNALF & CNDAXCOALF CBL02660
CLCAP= —-CNDAXSNALF+ CLDAX*XCOALF cBL02670
CY DRP= CYDR ceLo2680
CNDRP= CLDR%2SNALF+ CNDR®CQALF CBL 02690
CLCRP==CNDRX®SNALF+ CLDR*COALF cBL02700
CybsSP= CYDS ceLo271o0
CLCSP==CNDS¥SNALF+ CLDS*COALF CcBL02720
CNDSP= CLNDSk¥SNALF+ CNDS*COALF CR.02730
RFE TURN CBL 02740

END cBL027S0



FILE CABLE FORTRAN P1

SUBROUTINE TRAN1

G FLNMNDNMAN DODAT A

€ THIS ROUTINE TRANSFURMS INERTIA DATA § STAEILITY 2XIS AERC DAT A

C THE EQUATION REFERENCE CENTER

CNMMON /DAT/AERO( 1S0) s AEROP(5C) +KODE (20) oL L
EQUIVALENCE(AERO( 1)e CDU)+(AEROL 2), CLL) ((AERC( 3), MU ),

DO DP>POONOU D WN =

EQU IVALENCE(AERO (48).AMACH) . (AERO
EQU IVALENCE(AERO (S51)RHO ) 4{AERO
EQUIVALENCE(AERO (54),CBAR ) ,{AERO
EQU IVALENCE{AERO (57),XIxX ), {AERC
EQUIVALENCE(AERD (60)+CLT ) ,(AERO
C INERTIA TRANSFORMATIONS

X=XCC/1Z.
7=7CC/12.
XIXXTX IXX+AMK( Z%% 2)
YIYYSY IYY #AMR{ XXk 2)+AM% (Z%%2)

~ Z12Z=7 1ZZ4+AMX( X%x%2)
XIXZ=X IXZ~AMK X% 2

C AFR0O DATA TRANSFORMATIONS

X=XREF/( 12 «.«CBAR)
Z=ZREF/( 12 #*CBAR)
CMO=CMO-Z%CDD+%X%xCLO
CMA=CMA-Z*CDA+XkCLA
CMN=CMQ-Z%CDQ +X*CLQ
CMCE=CMDE~Z*CNDE + X% CLDE
X=XCC/(1Z2.%B)
Z=ZCG/(12+%8)
CNB=CNB+X*CYR
CNR=CNR +X*CYR
CNP=CNP #X%CYP
CNDR=CNDR +X%CYDR
CNCA=CNCA+X*CYDA
CNCS=CNDS+X%CYDS
CLR=CLE-7Z%CYR
CLR=CLR-Z%CYR
CLP=QLP-Z%CYP
CLCR=CLUOR=-Z*%CYDR
CLCA=CLCA-7%CYDA
CLCS=CLDS-Z*CYDS
RETURN
END
SUBRNUTINE LATSN

(AERO( 4)y CDA)L(AERO{ S)¢ CLA) JLPERCL 6), CMA},
(AERO( T)e CDQI+(AERO( 8) s CLC)L(AEFRC( 9)s CNG)s
(AERO(10)s CDO)+(AERDC11) s CLC)(AEFO(12), CMO),
(AERO{13), CDDE),(AERO{14), CLCE) ,(AERC(15), CNDE),
(AERO(1€)y, COAD) ¢ {AERD(17) yCLAC) {AEFRC(18),CMAC),
(AERO(19)s CYB)(AERO(20)s CLED)+(AERC(21)s CNB),
(AERO(22)y CYP)(AERO(23)9 CLF)+(AEROL284)s CNP),.
(AEROL(2S),y, CYR) (AERO{26)¢ CLF) ((AERC({27), CNR),
(AEPO{28), CYDR),[AERO(2G) 3 CLLCF) ,(AERC(30), CNDR),
(AERO( 21)s CVYDA),,(AERDO(32) s CLCA) 4 (AERC{33), CNDA),
(AER0(24)s CYDS) +(AEROI(3S) s CLCS) ¢ {PERD(36)s CNDS ),
(AERU(44),y XREF) o {AERO(45), 2FEF) ,{AEFC(46), XCG),
(AERDO(47)e 2ZCG) o+ (AERO(63) +THETA)

(49) +VC ) +(AERGC (50)., AM)

{52), ¥T7) ,{AERC (S53),.8

)

(55) +SH )+ {AERC (56), XIXZ)

(S8) «YIVY ) J{BERC (59),Z12Z
(61) «CCT ) +(AERC (62),CMT

CIMMON /DATZ/AERND( 150) s AEROP (50) +KODE (20} L L

}
)

SYST EMS

CBL 02760
ceL02770
ce 02780
CBL 02790
cBL 02800
ceo02810
ceL 02820
cBLo02830
. 02840
CBL 028S0
CBL 02860
cBL 02870
CBL 02880
CBL 02890
CBL 02900
cBL0Z910
ceL 02920
CAL 02930
CBL 02940
CBL 02950
CBL 02960
CBL 02970
CBL 02980
<L 02990
CBL 03000
¢BLO3010
cBL 03020
Ca 03030
CBL 03040
CBL 03050
CBL 03060
CBL 03070
CBL 03080
CBL 03090
CBL 03100
CBL 03110
CBL03120
ceL 03130
CeL 03140
CBLO31S50
CBLO3160
cCeLo03170
cBLoOo3180
CBL 03190
CBL 03200
cBLO3210
CBL 03220
¢BL 03230
CBL03240
cBL 03250
CcBL 03260
ceL 03270
cBL 03280
CBLO03290
CB8L 03300



FILE CABLE FORTRAN P1 G KU VM B AN
COMMON /SNUBB/SNU( 3,3) ySN{30)  THUSK, THLS R 4SMLE (3,3)
COMMON 22720 20C)

COMMON/DL/CUM [ 1C410)

COMMON/TAB1I1/ZZ(ECC)

EQUIVALENCE(AERO(105)s SNUX) s (AERO(106) ¢« SMUY) o (AERCGL(L
1CAERD( 10E)s SNLX)e{(AERD(10S) ¢ SNLY) (AEFC(110), SNLZ),
2(AERO{ 111),ENUST),(AERO(112) ,SAUWL) o (AEFC(113) {SNUELD,
3(AERNC 114),SNLST)+(AERO(L115)+SALWL) +(AEFC(116) +SNLBL)
4(AFRO( 117)sTUSNO )+ (AERO(118) s TLSNO) + (AEFC(119) 4AKSNU),
S{AERQ( 120)4AKSNL )y {AEROC (4 %), V0) o [AEFRC{E1) ¢ FHC),
6(AERO( €3 )e THETA ), {AERO(121) +ADSNU) + (AERL (122) +ACSNL)

EQUIVALENCE (SN 1)s GX1)e{SN( 2)s GY1)a(SA( 3),

L{SN( a), GX2)s(SN{ S)9y GY2) 4(SN{ 6) ¢ G22),
20SN(C 7). GX3)e (SN B)y GY3) (SN 9) 9 G232,
3(sSN{ 10, GX4)e{SN(11)y GY&) o{(SN(12) e G24).
4(SNC13), THU D)2 (SNC(14) THL) o (EN(1S) » ALL),
S(SN{ 1€), ALL )

6(SN(19)s THGX1) 4 (SN(20) s THGY1) o {SN(21) s THGZ1)

TISN{22), THGXZ) y(SN(23) ,THGY2) s (ENL24) 4 THGZ2)

B{SN[ZE), THGX3)e (SN 26) s THGY3) s (SN(27) ¢ THG23),

IISN(ZRIe THGXE) s (L SN(29) s THGYA) s (SN(30) s THG 14)
DIMENSION TOPR({3,3) ¢TOPL{3,3) ¢BOTR(343) 4ECTL{(3,3)
COT(BBR)=1./TAN(BBB)
GXY(AsAA,C)
GXSY(A,AA,C¢D4EF)
GXPHI(AsAACosDsE+F oG
GYY( A, AA)
GYSY(A,AA,Cy,D,EHF)

~ GYPRI(A,AA,C,D,E,F)

GZY(A,AA,C)

{(-AXCCT(AA) 7C)*12,
-~ (A®ESIN(AA)+CHCICCT(E))/F
(AXAAXCOTY(C) -CHAEHCCT(FII/G
(SIN(A) /AA) *1 2.
(A®AA®COTY(C)SCHASIMLEN)/F
- {AXSIN(AA)+CHCACCT(E))I/F
[-A*CCT(AA)/C) 12,
GZSY(AWAALCeDsEF+G) (AXAAR®COT(C)-CHECCTI(FII/G
GZP R I(As AAsCoDsEWF) (A®AAXCOT(CI+CHISIN(E))/F
ALY ( A) = =-A
AL SY(ALAA,C4D)
ALPHI(AsAAsCoeD)
Iw =€
DD 1G0E I=1,3
DO 1€CE% JU=1,73
SNU( [+J)=C
1005 SNUD(I,J)=C
DY 1C0€ I=1,1C
DO 1CC€é J=1,1C
1006 DUM( 140 13=C
IF(KODE( 1C)«FQaC) GO TO 1CC2
C TERMS FOR SNUBRER EFFECTS (LAT)
CALL CHRCSN(THF TA)
IF(KODE( 10)eFQel) CALL DRCUSNU(THE TA)

"

(A%AA-C*D) /12,
{A%XAA-C%*D) /12.

DUM( 1, 2) = =TUSNO*GX]

DUM(1e 2) = TUSNO*G 21

DUM( 1,5) = =TUSNO*SIN{THGY1)

DUM(1,7) = GYI1

CUM{ z2s2) = SNUX® TUSNDRGX1 /12 ¢+ SANUYRTUSPMCA1CY1 /12
DUM( 2y 2) = —SNUX*TUSNO*G 21/12.

DUM{ 2,4) = —SNULYXTUSNO*SIN(THGX1)/12.

DUM( 2, E5) = SNUXE TUSNO®R SIN(THG Y1) /12,

D AT A

07),

GZ1)»

SNUZ),

SYSTEMS

ca. 03310
caL03320
CBL 03330
CBL 03340
CBL 03350
cBL 03360
CERL 03370
cBL03380
CBL 03390
CBL 03400
cBL03410
CBL 03420
CBL 03430
CBL 03440
CBL 03450
CBL 03460
CBL 03470
cBL 03480
CBL 03490
CBL 03500
CBLO3510
CBL 03520
CBL 03530
CRL 03540
cBL 03550
CBL 03560
CBL 03570
cBL 03580
<BL 03590
CcBL 03600
cBLo3610
caeL 03620
CBL 03630
caL 03640
CBL 03650
CBL 03660
cCBLO03¢€70
€BLO3680
ceaL 03690
ceL 03700
CBL 03710
cBLO03720
CBLO03730
CBL03740
CcBL 03750
ceLo3760
cBLOo3770
cBLOo3780
caL03790
ceL 03800
ceLo3s8i1o0
caLo03820
CBL 03830
CBL 03840
CBL 03850



FILE

5000
5002
500 1

1010

1016
1015

1050

CABLE FORTRAN P11 G F L N MAN
DUM(Z,7) = (-SNULXKGY]I+SNLY%RGX1)/12.

ODUM( 3, 2) = —SNUZ*TUSNO%XG X1/12.

DUM{ 3, 3) = ENLZ®TUSND*G ZL /12 +SALYETLEN(AIGYL/ 12
DUM{ 3, 5) = —SNUZXTUSNOXSIN(THGY1) /12,

DUM( 3. &) = SENLY*TUSNO®SIN(THGZ1) /12,

DUM{ 3, 7) = (~SNUYSGZI#SNL2Z%G Y1) /126

DUM{ &, 1) = GXY{GYLle THGX1 ,ALL)

DUM( 4, 2) = GXSY(=SNUY s THGX1 ¢=SAUX 3G Y]l ¢ THG X1 o 2LU)
DUM( 4, 2) = GXPHI(=SNUZ+G Y1l s THGX]1 9+=SNUYC21THGX] ¢ ALU)
DUM{ 4,4) = -1,

pumMm( 5, 1) = GYY{THGY1l AL L)

DUM(S, 2) = GYSY(=SNUY G X1 o THGYL 9—SNUX ¢ THG Y1 ¢ ALU)
DUM{ €, 2) = GYPHI(=SNUZ, THG Y1 4=SNUY G211 ,THGY1 oALU)
DUM( S, E) = -1

DUM(E, 1) = GZY(GYls THGZ1 4ALL)

DUM( 64 2) = GZSY(=SNUY G X1 s THGZ1 4=SNUX ¢G Y1 4 THGZ1 4 ALU)
DUM( €, 3) = GZPHI(=SNUZ,6Y1 s THGZ1 3~SALY¢T1HG21 4ALU)
DUM(€s€) = =1

IF(KODE{ 10).FQ+2) GO TO 1010
CALL CRCSN(THETA)

Q= +S*RHOXVO*VD
ALULl=ALU+1.

CALL STINT(OsALL1,04141,TUSNL1 ¢NG)
IF{NC.NE.C) GO TO SCCO
ALUZ=ALU-1.

CALL STINT(QeALU2,091 ¢1 ¢ TLUSENZ2,4,NG)

IF(NCeNFe«C) GO TO SCOC
GO TO €001
WRITE( IWe SCO0Z) NGsALL JALU (G
FIRPMAT{ *ERROR IN SNUBBER TABLE 1 NG=?,1243>E10.3)
RETURN
CONT INUE
AK TU={ TUSN 1-TUSENZ) /2.

A< SNU=AK TU

CONT INUE

DUMI7.7) = -1,

DUM( 7, 8) = AKSNUX 12,

DUM{ Ey 1) = ALY(GYL)

puM(g, 2) = AL SY( (= SNUY oG X1 9= SAL XSG Y1)
DUM( Es 3) = ALPHI(~SNU2,GYl = SANLY ¢G21)
DUM(E, E) = -1

IF(KODE( 10).EQ.1) GO TO 1C1S

DD 1C1€ I=1,3

OD 101€ J=1,2

SNUD{ 1,4 )=DLM (1, 7)*ADSNU*DLM(B,J)x]12,.
CALL MASK( Z,8)

DO 1050 I=1,3

DO 10EC J=143

TOPR(IsJ )= DUM(I,4)

IF{KODE( 10)+ENel) CALL DRCUSN{THE TA)

DUM({ 1, 2) = ~=TULSNOXGX2
ouM( 1, Z) = TUSNO %G Z1

DUM( 1y €) = —-TUSND*SIN[THGY2)
DUM( 1. 7) = GYZ

DUM{ 2, 2) = SNUX*¥TUSNOXG X2/12.~SALYXTUSRCIGY2/12.

D AT A

SYST EMS

cCBL 03860
ceL 03870
CBL 03880
CBL 03890
CBL 03900
CBL03910
CBL 03920
CBL 03930
CBLO03940
CBL 03950
CBL 03960
CBL 03970
CBL 03980
CBL 03990
CBL 04000
CBLO04010
CBL 04020
CBL 04030
CBL 04040
CBL 04050
CBLOAO60
CBL 04070
CBL 04080
CBL. 04090
CBL 04100
CBLO04110
CBL 04120
CRLO04130
CBL 04140
CBLO4150
CBL 04160
CBLOA4170
CAL04180
CBL04190
CBL 04200
CBLOA4210
CBL 04220
CcBL 04230
CBL 04240
CBL 04250
CBL 04260
CBL 04270
CBL 04280
CBL 04290
CBL. 04300
CBL 04310
cBeL 04320
CBL 04330
CBL 04340
CBL 04350
CBL 04360
CBL 04370
CBL 04380
CBL 04390
CBL 04400



FILE

1026
1025

1060

CABLE FORTRAN P1 G FUWNDNAN
DUM{ 2y 2) = =SNUXKkTUSNO®GZ2/12,.

DUM(2,4) = SNUY* TUSNO®SIN({ THGX2) /12,

DUM({ 2,5) = SNUX® TUSNO*SIN({THGY2) /12.

DUM({ Zy7) = (=SNUXRGY2—-SNLY%®G X2) /12,

DUM( 2, 2) = ~SNULZ*TUSNO*GX2/12.

DUM( 24 2) = SNUZ*TUSNO%G Z2/12.-SNUYRTUSN(AGY2/12.
DUM{ 2, 5) - SNLZ*TUSNO*SIN{THGY2) /12,

DUM( 2, €6) = —SNUYXTUSNO*SIN(THGZ2) /12

DUM( 3e 7) = ( SNUYXGZ2+ SNUZ*GY2) /12

DUM( 4y 1) = GXY{GY2¢ THGX2,,ALL)

DUM( 4, 2) = GXSY[SNUY s THGX2 3= SENUX 4G Y2 g THG X2 4 ALU)
DUM({ 4, 2) = GXPHI{—SNUZ G Y2 ¢ THGX2 ¢ SNUY 4G22 ¢ THGX24 ALY)
DUM( 4e 4) = ~le

DUM( &, 1) = GYY{ THGY2,ALU)

DUM( S, 2) = GYSY({SNUYsGX2+THGY24=SAUX ¢ THC Y2 gALU)
DUM( S, 3) = GYPHI[~SNUZ, THG Y2 ¢SNUY 4G22 s THGY2 4 ALU)
DUMCE4 ) = ~1e

DUM{ €4 1) = GZY(GY2s THGZ2,ALL)

DUM{ 64 2) = GZSY{SNUY G X2 yTHG 22 y=SNUX 4G Y2 4THG22 4ALU)
NUM( €, 2) = GZPHI(—SNUZ+GY2 ¢ THGZ2 s SANUY + THG 22 4 ALU)
DUM(Eoé’ = - le

IF(KODE( 1C)«FEQezc) GO TO 1C20

CALL DRCSN{THETA)

ALULI=ALU+] .

CALL STINT{(QsALL1,0s1414+TUSN] o+NG)
IF{NCNE.0) GO TO £000

AL UZ=ALU- 1.

CALL STINT(QsALULUZ2+0s1 451 TULSNZ2 4NG)
IF({NCeNE-O) GO TO £¢00¢C

AKTU={ TUSN1I-TUSNZ) /2.

AKX SNU=AK TU

CONT INUE

DUME 7 7) = =—=1e

DUM{ 7, R) = AKSNU%x 12,

DUM( E, 1) = ALYIGY2)

DIUM{ Es 2) = ALSY(SNUY +GX2 e~ SNLXGY2)
DUM( E, Z) = ALPHI(~-SNUZ,GY2 4 ENUY G 22)
DUM( By R) = -1

IF(KONE( 10).EQel) GO TO 1€25

DO 1C2€ 1=1,3

DO 1C2€¢ J 1,3

SNUD(T4J 3 =SNUD(T «J)I+DUMIT +7) ®ADSANLEDUN (8 4J) #12.
cCAaLL MASH( 3,8)

DO 1CEC 1=1,3

D3 1060 J=1,3

TOPL(TI.J )= OUMC(I,44)

IF(KODE( 10).FQel) CALL DRCUSN(THE TA)

DUM{ 14 2) = =TLSNO*GX3

DUM( 1, 3) = TLENOXGZ3

DUM{ 1, £) = ~TL ENO® SIN(THGY3)

DUM( 1, 7 GY?32

DUM( Ze c) = SNLUXETULSNO*G X371 2 ~=SANLYXTLENCIGYI/ 12,
DUM({ 2y 3) = ~=SNLX:TLSNO%®GZ3/12,

DUM( 2,4) = SENL YR TLSNOXSIN(THGX3) /12,

DUM{ Z2s ) = SNL X® TLSNOX*SIN(THGY3} /12

D AT A

SYST EMS

CBL 04410
CBL 04420
CBL 04430
CBL 04440
CBLOA4ASO
CBL 04460
cBaL 04470
CBL04480
ceL 04490
CBL 04500
cBL 04510
ceL 04520
CBL 04530
CBL 04540
CBL 04550
CcCBL 04560
CBL 04570
cBL 04580
CBL 04590
CBL 04600
CcBL 04610
CBL 04620
CBL 04630
CBL 04640
CBL 04650
CBL 04660
CB. 04670
CaL 04680
CBL 04690
cBL04a700
CcBLO0AT710
ceL 04720
CBL04730
CBL 04740
CBL 04750
CcBL04760
cBLOoAa770
CBL 04780
CBL 04790
CBL 04800
cBLO4810
caL 04820
CcBL 04830
CBL 04840
CBL 04850
CcBL 04860
CBL 04870
cBL 04880
CBL 04890
CBL 04900
CBL 04910
CBL 04920
CBL 04930
CBL 04940
CBL 04950



*ILF

1030

1036
1035

1070

CABLE

DUML 24 7))
DUM( 24 2}
DIM( 3, 3)
DUM( 2, €)
DUM( 3, €)
DUM( 2, 7)
OUM( 4, 1)
pum( 4, 2)
DUM( 4, 3)
DUM{ 4, 4)
DUM( €, 1)
DUM( S, 2)
pum{ g, 3)
DUM( S, €)
DUM{ &, 1)
DUM( Es 2
DUM( 64 3)
DUM( €, €)

FORTRAN P1

H

G & U M M AN

(- SNL X%GY3- SNLY%*G X3) /12,
ENL Z* TL SNO*G x3/12.
~SNLZ*TUSNO®G 23/12.—-SNLY*TLENCAGY3/12.
SNLZ*TLSNOXSIN(THGY3) /12,
- ENLY®TLSNO*SIN(THGZ3) /12,
{ SNLY®XGZ3~ SNLZ*GY3)/12.
GXY{GY3e THGX3 AL L)
GXSY(ENL Y,y THGX3 s—SNLX+GY3 e THCX3 4ALL)
GXPHI{SNLZ G ¥3,THGX3 ¢SNLY G233 ¢THGX3 JALL)
~le
GYY{ THGY3,ALL)
GYSY(SNL YeGX3 o THGY3 s~SNLXs THGY3I 0 ALL)
GYPHI( SNLZ,THGY3 jSNLY 4G23 ¢ THCY3 4ALL)
=1le
GZY{GY3I, THGZ3 yALL)
GZSY(SNL YsGX3eTHGZ3s—-SNLX G Y3 +THG2I,ALL)
GZPHIUSNLZ oG Y3 THGZ3 +SALY e THG 23 4ALL)

- 1le

IF(KODE( 10)+.EQe2) GO TO 1C30
CALL DRCSEN{THE TA)

ALL I=ALL #1.

CALL STINT{QsALL1+0sl o1 eTLENL sNG)
IF{NG.NE«0) GO TO S00QC

ALL Z2=ALL -1,

CALL STINT{Q,ALL2+s0451 41 3TLEN2NG)
IF(NCGC.NE «0) GO TO SCOC
AKTL={ TL EN1-TLSNZ2) /2.
A< SNL =AK TL

CONTY INUE
DUM( 7, 7)
DUM{ 7, 8)
DUM( 8, 1)
DUM( B, 2)
DUM( €, 2)
DuUM{ 8, 8)

"

~1le
AKSNL%12.
ALY(GY3)
ALSY(SNLYsGX3s— SALXGY3)
ALPHI(USNLZ GY34SEALY G23)

~-1le

IF(KODE( 10).EQe1) GO TO 1C3S5

=143

DD 1C3€ J=1,1

SNUDB(IsJ)I=ESNUD( T, J)4DUMCL o+ 7)%ADSNL*¥DUN(E +.) %12,
CALL MASH( Zs 8)

DO 103¢

00 1070

]=1|3

DO 1070 J=1,43
BOTL (T,9)=
IF{KODE( 10)«EQel) CALL DRCUSN{THE TA)

DUM( 1, 2)
DUM( 1. 3)
DUM{ 1, £)
DUM( 1, ?7)
DUML 2+ 2)
DUM( 2, 2)
PUM( 2.4
DUM( 2+ )
DUM{ 2, 7))
oyv( 2, 2)
DUM( 3, 2)

DuM(I,9)

- TL SNO*GX4
TL SNO*G Z4
~TLENO* SIN(THG Ya)
GYAa4
SNLX® TLSNU®G X4 /12 +SANLYSTLENCIGYS /12,
- SNL X*TLSNO%G 24/12.
—SNLY®XTLSNO®SIN(THGX4) /12
SNLX* TLSNOXSIN(THGY4) /12,
(- SNLX:GY3+SNLY®*GX4) /12,
SNLZ®TLSNO*G X4 /712,
-~ SNLZ*TLSNO®G 24 /12.+SNLY®TLENCAGYS4 /12,

O AT A

SYSTEMS

CBL 04960
CBL 04970
cBL 04980
CBL 049390
CBL 05000
cBLOS010
CcBL 05020
CBL 05030
CcBL0S040
CBLOS050
<AL 05060
CBLO05070
cBLOS5080
CBL 05090
CBL 05100
caLos110
ceL05120
CBLOS130
CBLOS140
cBLO0S5150
CBLO0S5160
CB8LO0S170
cBL 05180
CBL 05190
CBL 05200
CBL 05210
cBL 05220
cBL 05230
CBL0S240
CBL 05250
CBL 05260
CBL 05270
cBL 05280
ceL 05290
CcBLO0S300
<BL 05310
CBL 05320
€BL0S330
CBLOS340
cBL 05380
CBL 05360
CBL 05370
cBL 05380
CcBL 05390
CBL 05400
CBL 05410
CBL0S420
cBlL 05430
CBL 05440
CBL 05450
CBL0S460
CBLO05470
CBL0S480
CBL 05490
CBL 05500



FILE

1040

1046
1045

1080

1090

1095

1002

1004

CABLE FORTRAN P1 G F LNV PMAN
DUM{ 3, ) = ENLZ*TUSNOXSIN{THGYS4) /12,

DUM({ 2, €} SNLY®TLSNOXSIN(THGZ24) /12.

DUM(3s7) = (-SENLYE®GZ4—-SNLZ*GY4)/12.

ouM{ 4, 1) = GXY(GYa4,, THGXA& 4ALL)

DuM{4,2) = GXSY{(—SNLY s THG XS s—SNLX oG Y4 ¢ THG X4 sALL)
DUM{ 4, 3) = GXPHI(SNL Z oG Y4 THG X4 9=SNLY G Z4 s THGXA 4 ALL)
DUM( 444) = =1,

DUM( €, 1) = GYY(THGYA4 4ALL)

DUM( S, 2) = GYSY( (- SNLYsG XA o THGY4 ¢=SANLX e THG Y4 gALL)
DUM( Sy 2) = GYPHI(SNLZ¢THG Y4 4~SNLY G284 THGYA (ALL)
DUM( S, €) = ~1le

DUM( €y 1)} = GZY(GY4, THGZ4 4ALL)

DUM( 6,4 2) = GZSY(~SNLY 4G X3 4 THG 28 ¢—SNL X yGY4 4 THG24 4 ALL)
DUM{ €¢ 3) = GZPHI{SNLZ +G YA s THGZA - SNLY +THG 24 4 ALL)
DUM( €, €) = -1

IF(KODE( 10)+EQe2) GO TO 1C40Q
CALL CRCSN{THETA)

ALL 1=ALL ¢1.

CALL STINT([Q,ALLLCyl y1 4 TLENL ¢NG)
IF(NG«.NE.O) GO TO 5COC

ALL z=ALL~-1.

CALL STINT(Q.ALL 2904141 sTLEN2 ¢NG)
IF(NG.NE.C) GO TO S5COC

AKTL=(TL SN1-TLSNZ2) /2.

AK SNL =AK TL

CINT INUE

DUM( 7, 7) = ~-1e

bDuUM(7.8) = AKSNL*12.

DUM{ 84 1) = ALY(GY4)

DUM( 8y 2) = ALSY(~SNLY oG X4 o— ENLX G Y4 )
DUM( 84 2) = ALPHI(CSNL Z G Y& g~ ENLY 3G 24)
DUM{E, 8) = -1.

IF(KODEC10)YEQ.1) GO TO 1 €45

0O 104€ I=1,2

D3 1C4€ I=1,3

SNUDC 1+ J)=SNUD( L,JM4+DUM(TI ¢7) %ADSNL¥DLMN(B ¢4) 212,
CALL MASH( 3, 8)

DO 1C8C 1=1,3

DO 1CEC J=1s3

BITR( 1,4 3= CUM(I,J)

DI 1CSC I=1,3

DN 1CSC 4=1,3

SNU ([ed)= TOPRITSJICTOPLAT ¢ JI4BCTLIT +J)+ECTR(I W)
IF(KODE( 10)«FQa2) RETURN

DD 1CSE I=1,3

DO 1C3S J=1,3

SNUD( 1sJ)=C
RETURN

DO 1CCa I=1s
DO 1004 J=1,
SNUC( T,41=C
SNU( T1,J)=0
RETURN

END
SUBROUTINE TRIM

[SVI Y]

D AT A

SYSsST T EMS

CBLOSS10
CBL 05520
CBL 05530
CBL 05540
CBLOS5550
CBL05S60
cCBL 05570
cBL 05580
CBL 05590
cCBL0S600
cBL 05610
CcBL 05620
CBL0S630
CBL.0S640
CaL 05650
CB 05660
CBL 05670
CBL 05680
CBL 05690
CBL 05700
CBL 05710
CBL 05720
CBLO5730
CBLOS740
CcBL 05750
CBL 05760
CBL 05770
C€BL 05780
CBL 05790
caLos5800
CcBL 05810
cBL 05820
CBL 05830
<BL 05840
CcBL 05850
cBL 05860
cBLOS870
CBL 05880
CBL 05890
CBL 05900
cBL 059190
CBL 0S5920
CBLOS930
CBL 05940
CBL 05950
CBL 05960
CBLO5970
CBL 05980
CBL 05990
CBL 06000
cBL 06010
CBL 06020
CBL 06030
CBLLQ6040
CBL060OSO



FILE

DP>POXNOPL WN -

CABLE FOR TR AN

CABL E

SLEPENSION

P1

SYETEM TRIM

G

RCLY

FUNNAN D AT A

INE

COMMON /DAT/ AERO{150) ¢AEROP [50) KCDE (2C) 4LL
CIMMNDN 7/ PLYCHA/RTD o XLGTHLS) +sADC(543) sAFRM IS 43) o TR TLFT,TF

DIMENS ION ANG( S, 2

EQUIVALENCE{AERO {
{AERD {
(AERO(
(AERO{
(AEROD{
(AERO(
{AERO{
(AERO(
(AERO(
(AERO(
{AERD(
(AERO(

)
1},
4),
73

10),

13),

1€),

19),

22)

25)

28).,

31).

24),

CD Q) « (AERO!

CDU) s (AERO{ 2),
CDA) + (AERO( 5),

8) »

CDO) , (tAERO{11),
CDDE) 4 (AERGC(14) ,
CDAD) « (AERC{(17)

CYB) ,{AERC(20) ,

CYP) , {AERQ(23) »

CYR) o {AERD(26)
CYOR) 4 (AERC(29) &
CYDA) s (AERO(32) »
CYDS),(AERO(3S) ,

oC

<My ),
CMA),
CMQ ),

CLL) 4 (AERTL 3),
CLAY  {AERO( 6),
CLC) o (LERC( 9)
CLC) y(AEFC(12), CMO),
CLLE) o (FERC(15), CMDE),
LAC) +(AERC(18)+CMAD),
CLE) y{AERC(21), <CNB),
CLF) +(AERO(24)s CNP),
CLF)+(AERC(27)s CNR),
CLCF) +(AERC(30)s CNDR),
CLCA) s {AERC(33), CNDA),
CLLE) ¢ (AEFC(36), CNLCS)

EQUIVALENCE{({AERO{ 46 )+ XCG) + (AERC(47) 42CG)

EQU IVALENCE(AERO
EQUIVALENCE{AERO
FQUIVAL ENCE(AERO
FQUIVALENCE(AERD
EQUIVAL ENCE{AERO

1CAERO( €3 ) THETA)

ODPODNIOAD WN -

EQUIVALENCE(AERO
{AERO
(AERO
{AERO
{AFRO
{AEROD
{AERO
{AERO
(AERQO
{AERO(
(AFRO(
({AERO(
{AERO(

EQU IVALENCE(AEROP {

(48) sAMACH) » {AERO
{51) yRHO ), lAERO
(S4) ,CBAR ) + {AERO
(S7)eXIXX ) e (AERD
{€0),CLT )4 (AERQ

WL LF)
WLLR)
ETAF)
BLHR)
BLCR)

AF)
HLCF)
OCF)
R VF)

(66),
{6S),
(72),
{(75),
{78),
(81).
(84),
(87),
{(S0),
G3), RHR) ,
G6)e ALRC) o
S9)s TLFTQC)»
102) sALT X) ,
1)s CXLP)

(49)
(s2)
(55)
(58)
(61)

s (AERO(67)
¢+ {AERC{70),
e (AERQO(73) »
+ {AERO(76) ,
o {AERGC(79) ,
s (AERC({(82) »
+ (AERO([B5) ,
o (AERO(88) »
+ (AEROC(91)
(AERO{94) ,
(AERQO(I7) +STLTIT) s (AERC(IB) 4 WLLTT ),
(AERC (100D o AKLFT) s {AERC{101)4ALLTO ),
(AERO(103) 4ALT2)

s {AERQOP ( 2) «

(AFROP( 4), CXAP)
{AEROP{ 7)), CXQP)
{AEROP(10)s CXOP)
(AEROP(13)+CXDEP)
(AFROP (16) C XADP)
(AEROP(1G), CYBP)
(AEROP(22), CYPP)
(AEROP(25), CYRP)
{AERDP (28) 4C YDRP)

» (AEROP{ S)
« {AERCP{ 8)
s {AEROP(11)
+« (AERCP(14)
« (AERQP{17)
¢+ (AEROP (20)
s (AEROP(23)
v (AEROP (26)
» (AEROP (29)

D> O D NONDPWN -

RTC=€7 ecGEcE
THETA=C.
DELALF=.001
DT F=,1
DALFAW=04.0
DOELTE=C.C
DTHRST=C,C

(AERDP(31) +CYDAP) o (AEROP(32)
{AERQOP {34) ,C YD SP) , (AERCP (35)

(S50). AM )
{53),8B }
(56), XIXZ)
(59)+2122 )
(62),CMT |

o VL ) « (AERC
’ wT) 4 {AERC
1Sy ) » (AERC
+YINY ) J(AERCQC
«CCT ) s {AERC
WLLF) + {AERC(68)s WLUR),
WLHF)  (AERC(71), WLHR),
STAR) «(AERC(74) s ELHF),
BLCFR) (AERC(77),STACR),
EF) «()ERC(8BO)» ER),
£R) + (PERO(B3)}s HUCF),
HLUCF) o {AERC(86)¢y HLCR),
CCR) « (AERC(B9), ALF),
FEF) o (AERC(92) RVR),
TFC) ¢ [AERC ({95), AKE ),

CMUP),
CMAPRP),

C2LUF) +(AERCF( 3),
o C2AF) o (AERCP( 6),
v« C2CF) J{AERCF( 9), CMQP),
o C2CF) J(AERQGP(12)+s CMOP),
+CICEF) + (AEFRCFP{15) CMDEP),
2CZALF)  LAEFRCF(18)4CMADP),
o CLEF) o (AERCP(21)s CNBP)»
o CLFF) +(AEFRCF(24)s CNPP),
v CLFRF) 4 (AERCF(27)4 CNRP),
sCLERF) ¢ (AERCP(30),CNDRP),
«CLCAF) + (AERQF(33)+CNDAP),
+CLESF) 4 (AERCF{36),CNDSP)

SYSTEMS

CBL 06060
CBL06070
cBL 06080
CBL 06090
CBa. 06100
cBL06110
ceLo6t120
cCaL06130
CBLO06140
cBL 06150
CeL 06160
cBL 06170
CBL 06180
CBL06190
Ca 06200
caL 06210
CBL 06220
cBL 06230
CBL 06240
CBL 06250
CBL 06260
cBL 06270
CBL 06280
caL 06290
CBL 06300
cBL 06310
CBL 06320
CBL 06330
CBLO06340
CBL 06350
CBL 06360
CBL06370
cBL 06380
CBL 06390
CBL 06400
CBL 06410
caL 06420
CcBL 06430
CBL 0€440
CBL 06450
CAL. 06460
CBL 06470
CBL 06480
CAL 06490
CBL 06500
CBL 06510
CBL 06520
(806530
CBL 06540
CBL 06550
CeL 06560
CAL 065790
CBL06580
CBL 06590
CBL 06600



FILE

C

209

CABLE FORTRAN P11 G F U & 0 AN D AT A
ICNTR=0C

FIRST=C,

THINT=C,

AL FINT=TFE TA

DEL INT=0.

THRSTO=THINT

AL FAWO=ALFINT

DELTEO=DEL INT

QS=RFO *VO* VO % , kX SWw

THRSTI=THRSTO+DTHRST

AL FAWI=ALFAWO4DALFA W

DELTEI=CEL TEO +DDELTE

ICNTR=ICNTR+1

IFCICNTR «GT«1CC)GO YO 520

VAL 1=AL FAWI*R TD

VALZ=CEL TE [*RTD

VAL 3=THR ETI

CALL EQU(ALFAWILDELTEL » THRSTI ¢FO GO yHC FIFET)
IF(FIRSTeNE«1«)FIRST=1,

COMPUTES PARTIAL €

1005

1007

1100

ALFAWI=ALFAWI¢0ELALF* 0.5
CALL EQU{ALFAWIJDELTEI , THRSETI oF1 oGl oH1l 91
A_FAWI=ALFAWI-DELALF

CALL EQU(ALFAWIDELTE] g THRESTI oF2 ¢G2 yH2 914 )
ALFAWI=ALFAWI+DELALF%® (0.5

FALFWO=(F1-F2)/DELALF

GALFWO={G1~-GZ2) /DELALF

HAL FWO={ +1-H2)/DELALF
FDELEO=~QS*(CLDE*COS(ALFAWI)+CODE®SIN(ALFAREL))
GOELEO=QS*(CLDE*SIN(ALFAWI)-—CDDE*COS(ALFAWIL))

HDEL EO=Q S* CBAR®CMDE

THRSTI=THFR STI+DTF

CALL EQUCALFAW]I ¢DEL TE] » THRETI oF 1 4Gl sH1l 516 )
THRSTI=THRSTI- Z«*DTF

CALL FQUUEALFAWIJDELTEL s THRSTI oF2 G2 sH2 sl )
THRSTI=TERSTI+DTF

FTHSTO=(F1-F2)/DTF

GV RSTO=(G1-G2)/DTF

HY HSTO=( +F1-HZ)/DTF

SET UP ITFRATION EQULATICNS
FI=FO+FALFWOXDALFAWFDELEOXDODELTE+F THSTCH#C THRST
GI=CO+CALFWOXDALFAWH+GDELEQOQ*#DDELIE+GTIHSTCSL THRST
HI=FO+FALFWO*DALFAW+HDE LE O%DDELTE4+H THSTCHC THRST
ACCZ =F I/AM

ACCX=GI/AM

THECOT=FI/ZYLIYY

IF(AES(ACCZ)eL TeeCl)GO TO 10CS

G3 TO 1ticc

IF{AES{ACCX)elL Tee01)GO TO 10C7?

GO TO 1100

[FCABS{THEDOT) LE0001)G0 TC 42

NOW COMPUTE PARKAMETER INCREMENTS FRCM MATFIX ECUATICANS
DETRM=FAL FWO*GDELEQ*H THSTO+FDELEO¥G THSTC A ALFRC+FTHSTORGALFWO*
IHDELEO-FTHSTO*GDELEQ® HALF WO-F ALF WOXGTHS TC A+ CELEC-FDELEQ*GALFWO X
2HT RSTD

SYSTEMS

cBL 06610
CBtL 06620
CBL 06630
CBL 06640
CBL 06650
CBL 06660
cBL 06670
cBlL. 06680
CBL 06690
CBL 06700
CBL 06710
CBL 06720
CBL 06730
CBL 06740
CBLO67S0
CBLO6760
CBL 06770
cBL 06780
CBL 06790
€BL 06800
c|L 06810
CBL 06820
CBL 06830
ceL 06840
CBL 06850
CBL 06860
CcBLO6870
CBL 06880
CBL 06890
CAL 06900
CBL 06910
CBL06920
CBL 069230
CBL 06940
CBL 06950
CBL 06960
CBL 06970
CBL 06980
CBL 06990
€BLO7000
cBLO7010
CBLO7020
cBL 07030
CBLO07040
CBL 07050
CBL07060
CBv. 07070
CBL. 07080
CBL 07090
CBL 07100
caLo7iio0
cBLO07120
CBL 07130
caLo7i40
CBLO71S0



FILE

20
521

42
522

825

€74

826

sz2e
g27

CABLE FORTRAN P1 G F U & DM AR D AT A
DALFAW={ =( CDELEO*HTHSTO-G THSTO*HDELEQ) *FC+ (FODELEG*HTHSTO-FTHSTO
1*HCELEN )* GO~ { FDELEO*G THSTO~F THSTOXGDELE(C) $hC)/CETRWV

DDEL TE=( +{ GALF WO*HTHSTO~G THSTOXHALF WC) *F (- (FALFRC*hTHST O=-HALFWO
1%FTHSTUI*GO#( FALF WOSG THETO-F THSTO*GALFWC) 4HC) /CETRM

DYFRST=(—{ GALFWO*HDELEO-GDELEC*HALFWC) *FC¢ (FALFWC*HCELEO-FDELED
1*HAL FWO )2 GO~ ( FALFWOXGDELEDO~FDELEO®GALFWC) ¥HCI/CETRW
THRSTO=THR ETI

AL FAWO=ALFAWI

DELTEO=DEL TEI

G) TO Z0S

WRITE{ €,€21)

FORMATY{ * TRIM [ TERATION EXCEEDS LINITS®)

G) TO e:zc:z

CALL FQU(ALFAWIDELTEI y THRETI JFCeGCyHC y1la)

DI 523 1ZZ=1,9

DN S23 1ZK=1,2

ANC{ 1ZZ, 1ZK)=ADC(IZZ,1ZK)*RTD

CONT INUE

THETA=zALFAWI

DE=CEL TEI

TF=THR ST

THETC=THETAXR TD

ODED=DE*RTD

DO €24 12Z=1,4

IF(KODE(€).EQ.C) GO TO S2E

WR ITE( 6y S2S)I1Z2ZeXLGTHI12Z) s(ANG(1Z2Z412K) 4AFRNM{IZ2Z,1ZK),1ZK=1,3)
FIRMAT( * CARLE GEOMETRY=CABLE NGOe® 12452 +°CAELE LENGTH="E1S5 46,
1* IN%e /s 3X,"° DIR. COS.=DEG ARM=IN® ./ ¢ {3 (3 X s2E1S5e6+/))es//)
CONT INUE

WR ITE({ €4 ECEVICNTRZJACC2,ACC X, THEDCTY

FORMAT( * ITERATION PARAME TER =%415:s/42X9%4CL2 =",E15.8»
1/7¢ 2X3s YACCX ="4E 15484/ ¢42Xy *THEDCT=*4E1S5e84"% RAC/SEC*)

WR ITE( €y S27)THETD (DED o TF , TR

FIRMAT( //¢ *VEHe ATT,+DEFLTNGE CABLE TEMNSLICR® e/
12X s *THETA =%, F€e2¢® DEG®* 4/ 92X 4DELTA = FBa24¢* CEG® ¢/ ¢2X
2'.FRT CAB. TENS‘ON=',E‘5.6Q. LBS.,/'

32X ¢« *RR CAB .+ TENSION =°*,E1€.6+* LBS*)

RETURN

ENC

SURRNDUT INE FQU( THE TA«DE s TF oF F «GG oHH F IR EST)

CABL E SUSPENSION SYSTEM TRIM EGUATICONS

COIMMON /CAT/ AERQ(150),AEROP(E0) +KCDE(2C) oL L
CIMMON / PLYCHA/RTD ¢ XLGTH(S5) sADC (S5 ¢3) +AFRNIS +3) +TRyTLFT , DUMMY
REAL %8 XNM 1y XNMZ, YNML 4 YNM2

EQUIVALENCE(AERDO( 1)s CDUL)(AERO( 2) s CLL)S(AERC( 3}y CMU),
1 (AERO{ 4)s CDA)+(AERO( 5),4 CLA) ,{AERC( 6), CMA),
2 (AERO( 7)y, CDQ)y{AERO{ B8)y CLC)L{PEFC( 9)y, CMQC),
3 (AERO(10)s CDO)S(AERO(11) s CLCI+(AERG(12), CMQ),
4 (AERO(13)s CODE),(AERO(14) s CLCE) +(AERO(15), CMDE),
5 (AERD{16)y CDAD) 4 (AERO({17) CLAC) (AERC(18),CMAD),

6 (AERO( 1S)e CYB)(AERO(20) e CLE)+C(AERCC(21)s CNB),
7 (AERG(22)e CYP)(AERO(23)s CLF)+(AERO(24), CNP )
8 ({AERO{25), CYR) {(AERO(26), CLF),lAERC(2T), CNR),
9 {AERO( 28)s CYDR) o (AERO(29) 4 CLLF) s (AERC(30)s CNDR),
A (AERO(31)e CYDA) s (AERD(32) e CLLCA) «(PERO(33)s CNDA).

SYSTEMS

CBL 07160
ceLorivo
cBLo7180
cCa 07190
cBL 07200
cBL 07210
cBLO7220
ceL07230
CBLO07240
CBLO072%0
cBL 07260
ceLor2770
cBL 07280
CBL 07290
ceL 07300
cBL 07310
CBL07320
CBLO7330
CEL 07340
CBL 07350
CBL 07360
£BLO7370
cevL 07380
caL 07390
CBLO07400
cCBL07410
CcBL 07420
cBLO7430
CBLO7440
CBL 07450
CBLO7460
cBL07470
cBL 07480
CBLO07490
CBLO07500
CBLO7S10
CBLO7S20
CBL 07530
CBL 07540
CBLO7SS0
CBLO7S60
CAL 07570
ceLo7s80
CBL 07590
CBLO7600
cBLOo7610
cCeL07620
CBL07630
CBLO7640
CBL 07650
CBLO7660
caLorero
CBLO7680
cCBLO07690
cCBLO0T700



FILE

s02

503

S04

505

S0 6

12

CABLE FOR TR AN

=] {AERO( 34),

o |

CYD £) , (AERO(35) ,

G & L & & AN O AT A

CLCS) y{AERC(36), CNDS)

EQU IVALENCE(AERN [ Q6D 4 XCG) y(AERG(4T) 42CG)
(48) JAMACH) 4 (AERD

EQU IVALFNCF(AFRO
EQUIVALENCE(AERD
FQUIVALENCE{AERO
EQU IVALENCE(AERO
EQU IVALENCE( AERDO
EQUIVALENCE[AERQO
{AERO
(AERO
{AERO
(AERQO
(AERO
(AERO
{AERO
(AERO

NODPOXNOCNPLUN -

[AERO(S3),
(AERO(S6),

(51) +RHO

{54) 4CBAR )

(S7) e XIX
(60) .CLT
{6€),
(6S),
(72)
(75),
(78),
(81).
{ea),
(87),
{90),

WL UF)
WL LR)
STAF)
BLHR)
BLCR)

HLCF)
DCF)
R VF)

) o (AERO
» (AERQO
X ) o (AERO

) » (AERO

s [AERO(67) ,
+ (AERQ(70)
» {AERO(73) ,
+« {AERD(76) ,
+ (AERO(79) ,
AF) « (AERO(82)
s l(AERD (8S) ,
» (AERO(B8) »
s (AERO(91) »
RHR 2 4 (AERO(94) ,
ALR Q) o (AERCO(O97) s STLIT) 4 (AERC(98) 4WLLTT),
(AEROD(99)s TLFTGC) » (AERO{(100) o AXKLFT) s (AEROC101)4s ALLTO),
{AERO({102) yALTX) , (AERO(103) ,ALYZ)

(50),
{53),8
{(S6)e X1IXZ

(49) «VC ) s (AERC
{52), wT) 4 (AERC
{55) 4SSV ) » {AERC
(58) + YIVY ) +(AERC (59),2122
{61) +CCY ) s {AERC (62),CMT
WLLF) J{AERC({68), WLUR)},
WLHF) s (AERC(71)s WLHR),
STAFR) ¢({AERC{74), BLHFF),
BLCF) o {AERC(77) STACR),
EF) « (FERC(80), "ER)
AR) s (AERC(83), HUCF),
HULCR) 4 (PERC(B6), HLCR),
CCF) s (AERC(89), ALF ),
FHF) s (AERO(92), RVRY,
TFO) ¢ (AEFRC(95), AKR ),

DATA XNM1,XNM2 /OSVERTICAL "+ *HCRIZNTL®/

RTYD=S7 .2GE5E
VAL 1=T+ETA
Q =
IND=KODE( €)
GO TN
YNM LI =XNM 1
YNMZ=XNMZ

RHO%*XVO%VD /Z0

CALL FPLYV(STAF ¢ WLUF 4 WLLF
CALL RPLYKH{STAR,BLHR ¢ WLHR

GO TOQ £0¢
YNMI=XNMZ
YNMz=XNMI

CALL RPLYH(STAF ¢BLHF g WLHF
CALL FPLYV{STAR,wLUR ¢WLLR

GN TO E€0E
YNMI=XNM]
YNMZ=XNM1

CALL FPLYV(STAF s WLUF s WLLF
CALL FPLYV(STAR.WLUR ¢ WLLR

GO TO €£o0¢€
YNM1=XNMg
YNM2zXNMZ

CALL RPLYH{STAF,BULHF , WLHF
CALL RPLYF(STARALHR s WLHR ¢=AR sDCR ¢0e ¢RHE 4THETA 43)
IF(KODE{ 11))SCE€,5C7,5C¢

wLLT =
STALT =
XLGTH{E) =

STACR -~

WLCR + AL TX* SIN(THETA)
ALTX*COS(THETA) -

SQRY{(WLLTT =~ WLLT)*%x2 +

IF(FIRSTWNE0.)GO TO 12

ELLO=XLGTH(E)
FLLEXLCTH( £)
T_FT =
ARM( €, 1) =AL TX
ARM{ €, 2)=C

{SC1,502,8C32,504) 4IND

sHUCF yHLCF gEF o FVF g THET 2,41 )
»=AR DCRe0e + RHF s THET A ,3)

2AF DCF 306 oyRHF qTHETAL1)
HUCR JHLCR JEFR ¢ FVE qTHETA3)

sHUCF HLCF oEF o FVF ¢ THET £,1)
sHUCR JHLCR ER gFVF yTHETAL3)

oAF 4DCF 06 yRHF qTHETA L)

TLF TC+#AKLF TX{ELL-ELLO)

= ALTZRCCS(THETA)
ALTZ*SIM(THET )

(STLYT - STALT)%92)

AM )

)
)
)
)

SYSTEMS

CBLO7710
ceL 07720
cBLO7730
ceL 07740
CBLO7750
CBLO07760
cBLo?7770
cBLO7780
cBLO7790
ceL 07800
cBL 07810
ceL 07820
ceLo7e3o
<BLO7840
CBL 07850
CBL 07860
CBLO7870
cBL 07880
CBLO07890
cBL 07900
cBL07910
CBL 07920
CBLO7930
CBLO7940
CBLO79S0
CBL 07960
CeL07970
CBLO7980
CBL 07990
CBLO08000
ceL 08010
CBL 08020
CBL 08030
CBL 08040
cBL 08050
CBL 08060
cBL 08070
cBL 08080
cBL08090
caLos8si1g00
ceLo8110
<BLO0B120
cBLO08130
ceLos1a0
CBL081S50
CBL 08160
cBL 08170
cBL 08180
ceLo08190
ceL 08200
ceLo08210
cBL 08220
cBL 08230
ceL 08240
cBLoaz2so



FILE

S07

13
508

509

512
S10

1* FRONT CABLE IS

CABLE FORTRAN P11 G F LU N ¥ AN O AT A

AR M{ €, 3)=ALTZ

FXLTT = (TLFT*{STALT - STLTTM)IZXLGTH(S)
FZLTTY = [TLFYE{WLLTY - WLLTT))/ZXLGTH {5)
FXLTB = FXLTTXCOS{THETA) — FZLIT*SIN(THETA)
FZLTB = FZLTT*COS(THETA) ¢ FXLIT*SIN(THET?)
YMLFT ={ FXLTB*ALTZ - FZLTB®ALTIX) /12,

ADC(Se 1)=ARCOS(FXLTB/TLFT)

ADC( Sy 2)=3.1415G/2,

ADC( S, 2)=ARCOS{FZLTIB/TLFT)

GO TN SCE

FXLTB=0.

FZLTB=C.

YMLFT=0.

TLFT=0

XLGTH{ €)=0.

DO 13 IA=1,3

ARM( S, TA)=0o

ADC( S, 1A)=C.

CONT INUE

CALL SNTRM[FXSN,FZSNJEMSEN,THE TA)

IF (FIRSTNE,,0.)GO TO 510
IF(KODE(S)+EQ.C) GO TO S12
WRITE( €, S0S)IYNM], YNM2

FIRMAT(* CABLFE CONF IGURATION CN MODEL® e/,
*,ABs' AND REAR CABLE IS
EL O=XL CTH{ 2)4+XLGTH( &)

EL =XLGTH( 3)+XLGTH{4)

TR=TRO+AKR¥*(EL~EL C)

FL IFT=Q* SWx( CLO¢CLA® THE YA +CLDE*DE)
ADRAG=Q* SWx {CDO+CDA* THE TA+CDDE #DE )
FXAIR=~ADRAGRCOS{ THETA)+ELIF YR SIN(THE TA)
FZAIR=-ACRAGXkSIN(THETA)-ELIFT*COS{THE TA)
WGTX==3Z2,2kAM¥ SIN(THE TA)
WGTZ=3Z.2%AMECOS({ THETA)
EMWGT=(ZCGXWG T X~ XCGkWGTZ) /12,
FXCR=TR*{COS{ADC(3,1))+COS{ADC{4a,41)))
FZCR=TR*(COS(ADC(3+3))+COS(ADC (44+3)))
FXCFr=TF*{COS{ADC(1,1))+COS(ADC(2,41)))
FZICFr=TFx(COS{ADC{1,3))+CCSIADC(2,3)))
EMNC=0.
00 S1t1
TENS=TF
[F‘ [ «eGTez)TENE=TR

FMOC=EMOC +TFNSk{(COS(ADC (I »1) )ECARM(IL +3)=-CCSUACC({L3))*%ARM(1,1))
CONT INUE

EMOC=FMOC/ LZ,.

AEROM=Q*SWXCBARX {CMO+CMAX THE TA+CMDE *DE )
FF=FZCFFr+FZCR+FZL 1B+F ZSN+ WG T2+FZAIR
GG=FXCFEL4FXCR 4+4F XL TA +F XSN+ 8G T X4F XAI R
HH=EMOC4+YMLFT+EMSN+EMNG T+ AERCW

RETURN

ENC

SUBROUTINE FPLYVISTAVeWLU suLL sHHUHHL ¢EF oFAL (THETALIF)

COMMON /DAT/AERO(150) 4AEROP(SC) +KODE(20) 4L L

COMMON /PLYCHA/RTD ¢ XLGTH{S) JADC (S5 33) JARN (S 43) ¢ TR, TLFT,TF

*.A8)

I=1+4

SYST EMS

cBL 08260
ceL 08270
CeL 08280
ceL 08290
Ce 08300
ceL 08310
caL 08320
CB8L 08330
cBL 08340
CBL 08350
ceL 08360
CcBL 08370
cBL 083890
CBL 08390
CBL 08400
CBLO0B410
CBL. 08420
CBL 08430
CBL 08440
CBL 08450
CBL 08460
ceL 08470
CBL 08480
CBL 08490
<eL 08500
ceLoesto
cBL 08520
CBL 08530
CBLOBS40
CBL 0BS5S0
CaL 08560
ceL 08570
cBL 08580
CBL 08590
CBL 08600
cBL 08610
CBL 08620
CcBL 08630
A 08640
e 08650
CBL 08660
CBL 08670
C<BL 08680
CBL 08690
CBL 08700
<BL 08710
CBLO0B720
CBL 08730
CBLO8B8T740
ceL 08750
CBL 08760
cBL 08770
ceL 08780
ceLo8790
CBL 08800



FILE

CAEBLE FORTRAN P}

EQUIVALFNCE (AFRO(7€) oWLCR) s (AERO(T77) o STACK) «(AERC(78)+BLCR)

P1=3.141¢¢
GAMU= ATAN{HHLU/EP)

Ti= EPXEP #FHUXHHU

T2= YHETA 4GAMLU

IF{ IF eEQ«3) T2=GAMU~-THE TA
WLUC= WLCR +SART(T1)*SIN(T2)
T3= WwLU -wLUC

T4= ABS{STACR ~STAV) -SQRT(TL)*COS{T12)
XLUP= SQRT(T2%xT34T4%T4)

XLU= SQRT{XLUPXXLUP —-RAD®RAD)
BUP= ATAN(T3/T4)

DBU= ATAN(RAD/XLL)

BETAU=(BUP -DBUL)*RTD

GAML = ATAN (HHL ZEP)

TS= EP%EP 4+FHL%XHHL

T6= THETA -GAML

IF( IFeEQa2) TE==( THETA+GA ML)
WLLC= WLCR +SQRT{TE)* SIN{T6)
T7= WLLC =-WwL

TA= ABS( STACR -STAV) -SQRT(TS)*CCS(716)
XLLP= SQRT(T7%17 ¢+T8%7T8)

X_L= SQRT( XLLP*XLLP —-RAD®RAD)
B_P= ATAN{ T7/TE)

DBL= ATAN(RAD/XLL )

BETAL= (BLP -DBL }*RTD

IF{ IF<EQ.1)G0 TO 1

XL GTH{ Z)=xLLU

XL GTH{ 4)=XLL

ADCC 2y 1)=RETAU/R TD=- THE TA+P1
ADC( 3y 2)==P1I /2

ADCH 34 2)=P1/72.-ADC( 3,1)

ADC( 4, 1)=P 1-(BETAL/RTD- THE TA)
ADC( 4y ZV==~P1 /2

ANC( 4, 3)=PI/2-ADC(4,41)

ARML 2, 1)=~-FP+RAD¥*SIN(ADC(3,1))
ARM( 3, Z)=0.

ARM({ 2, 2)=—+HU+RAD®COS(ADC (3,1))
ARM{ 4, 1)=—-FP-PADXSIN{ADC(4,1))
ARM( 4, 2)=0.

ARM{ 4, Z)=HHL-RADXCO S(ADC(4,1))
RETURN

XL GTHC 1 Dh=XLL

XL GTH({ 2)=XLL

ADC( 1, 1)=—BETAL/R TO+THE TA

ADC{ 1,2)=P1/Z2.

ADC( 1y 3)=P 1/2e=-ADCI(1,41)

ADC( 2, 1)=BETAL /R TO+ THE TA
ADC( 2y 2)=P 1 /2.

ADC{ 2 2)=P1/2.-ADC(241)

ARM( 1, 1 )=EP R ADESIN(AUC(] 41))
ARM( 1, £)=0e +
ARM({ 1, 2)=-+HU-RAD*®COS(ADC {1,1))
ARM( 24 1)=EP-RAD®SIN(ADC(2,41))
ARM( 2y c)=Ce

G L N d 2 N

S YSTEMS

ceL 08810
cBL 08820
cBL 08830
CBL 08840
CBL 08850
ceL 08860
caL 08870
cB. 08880
cBL 08890
CBL 08900
cBL 08910
CcBL 08920
CEL 08930
CBL 08940
CcBL 08950
oL 08960
CBL 08970
CcBeL 08980
CBL 089S0
CBL 09000
cBL 09010
caLo9o0z20
CBL 09030
CBL 09040
CBL 09050
CBL 09060
CBL 09070
CBL 09080
CBL 09090
C8L 09100
cBLO9110
<R 09120
CBL 09130
cCBL09140
CBL 09150
CBL 09160
CBL 09170
CBL0S180
CBLO0919S0
CcBL 09200
cBL 09210
ceL 09220
8L 09230
CBL 09240
CBL 09250
CBL 09260
CBLO09270
ceLo9280
CBL 09290
CBL 09300
CAL 09310
<L 09320
CBL 09330
CBL09340
CBL 09350



FILE CABLE FORTRAN P1 G F UMM AN O AT A S YSTEMS

ARPM{ 2y 2)=HH_+RADXCO S(ADC (24+1)) CBL 09360
RETURN CBL 09370
END CcBL 09380
T SUBROUT INE RPLYH(USTAD +BULD o WLD e XP o YP o ZF ¢ FAC THET£1F) CBL 09390
COMMON /DAT/AERO(150) AERCP{SC) yKODE (203 4L L CBL 09400
COMMON /PLYCHA/RTD ¢ XLGTH{S) JADC (S 93) yAFNI[S 43) «+ TRTLFT,,TF cCBLO09410
EQUIVALENCE(AEROD( 76)sWLCR ) ¢ (AERO(T7) +STACK) o(AEFC(78)+BLCR) CBL 09420
PI=3.1415¢ CBL 09430
XWT=STACK=-STAD CBL 09440
ZWT=WLCR-WLD CBL 09450
XB=XWT*COS{THETA)=ZNT«SIN {THE TA) CBL 09460
ZB=XWTXSIN(THETA)+ZwTXCOS( THE TA) CBL 09470
T9= BLD -YP CBL 09480
T10=X8B-XpP CBL 09490
XLHIP= SQRT{(TS%*TS +11C%xT1C) cCaL 09500
BHIP= ATANZ(TS,710) CcCAL 09510
XLEI= SQRT{XLHIP*xXLHIP —-RAD¥RAD) CBL 09520
DBEI= ATAN(RAD/XLHI) CBL 09530
BHI= BrIP -DBHI CBL 09540
T11=Z28-2P CEL 09550
Xe =SQRT( XL HI*XLHI+TL11%T11) CBL 09560
THLIC=TIC-RAD*COS(RHI) CBL 09570
THI=TS-RAD*SIN(BHI) cBL 09580
IF{ [IFeEQ«3)GD TO 3 CBL 09590
XLGTH( 1) =xL cBL 096Q0
XL GTH{ 2)=XL CBL09610
ADC( 1¢ 1)=ARCOS(THLO/XL) CBL 09620
ADC( 14 Z22=ARCOSCTHS /XL ) CBL 09630
~ ADC{ 1, 2)=ARCOS{T11/72) CBL 09640
ADC( 2,y 1)==ADC(1,1) CBL 09650
ADC( 24 2)=P I-ADC(1,42) CBL 09660
ADC( 2y 2)=ACC{ 1,43) CBL0O9670
ARM{ 1s 1 )=XP-RADX SIN(BHI) CBL 09680
ARM( 1s Z)I=YP4+RAD®COS{BHI) CBL 09690
ARM( 1, 2)=C., CBL 09700
ARM( Z9 1 )=ARM( 1, 1) CBLO09710
ARM( Z, 2)=—ARM( 1, 2) CBL.09720
ARM( 2, 2)=C. CBL09730
RETURN CBL 09740
XL GTH( 3)=xL CRAL 09750
XL GTH{ 4 )=XL cBeL 09760
ADC( 34 1)=ARCOS({THIO/ZXL ) cBL09770
ADC{ 2, 2)=ARCOS{THS/ XL ) CBL 09780
ADC( 2, I)SARCOSITILZX ) CB8L 09790
ADC( <, 1)==ADC( Z,1) CBL 09800
ADC| 44 2)=P I-ADC( 3,2) CBL 09810
ADC( 4, 2)=ACC(3,3) CBL 09820
ARM{ 24 1 1=XP+RAD* SIN(BHI) CcBL 09830
ARM( 2, 2)=YP-RADXCNS(BHI) CBL 09840
ARM( 3, Z)=C. CBL 09850
ARM( 44 1) =ARM( 3, 1) CBL 09860
ARM( 4, 2)==ARM [ 3, 2) caL. 09870
ARM( 4, 2)=C. CBL 09880
RETURN CBL 09890
END CBL 09900



FILE CABLE FORTRAN P11 G K U WM M AN D AT A SYST EMS
SUBRDUTINE DLGTH(C14C2,C3,IC,IDX) CBL 09910
C CAMPUTES DEL~-LGTH EQ FOR X=Z-THETA OR Y-FSI-fHI CCEFF cBL 09920
COMMON/PLYCHA/RTD ¢ XLGTH (S ) JADC (593 ) ¢ARN IS ¢3) g TF oTLFT,TF €BL 09930
IF{ ICX NE«C)GO TO 1 CBL 09940
C1==COS(ADC(IC,»1)) CBL 09950
C2=-COS{ADC{IC,43)) CcB_ 09960
CI3=(ARM{ IC 4, 1)*COS(ADC(IC+3))-ARN(IC +3)%CLS(ACC(ICo1)))/ 12 CBL 09970
RETURN CcBL 09980
Cl==COS{(ACC(IC,2)) CBL 09990
C2=(ARM{ IC,2)%COS{ADC(IC 1)) ~ARM(IC o1 ) *CCS{(ACCLICe2)))/ 12 CBL 10000
C3=(ARM( IC, 2)*%COSIADC(IC+2))~ARNMIIC ¢2) 2CCE(ACC(ICs3)))/ 12, caeL 10010
RETURN CBL 10020
ENC CBL 10030
SUBRODUTINE DCOSLG(IC +CX1sC2Z1 oC Tl 4CX3,C23,C13) CBL 10040
Cc COMPUTES D-CIR COS EQS FOR X-2Z-THETA CCEFF. CBL 10050
COMMON /PLYCHA/RTD 4 XLGTH (S5 ) JADC (S 43) yARN (S ¢3) o TR GTLFT ,TF CcBL 10060
CX I=SIN(ADC{IC+ 1))/ XM GTH(IC)*12a CBL 10070
CZ1==COS(ANC{ IC,3))*COTAN(ADC (IC,1))/XLGTH{IC) 212, CcBL 10080
XWT=ARM( IC,1) CBL 10090
ZNT=ARM( IC, 3} cCBL 10100
CT1=({ZWTYESIN{ADC(IC 1))+ XNTECOS(ADC(IC 43))SCCTAN{ACCLIC,1)))/ cBL 10110
IXL GTH{ IC) cBL 10120
CX 3==COS(ADC( IC+ 1) )*COTAN(ADC(IC 3)) /XLGTF(IC) 12, caeL 10130
CZ3=SIN(ADC([IC,2))¥/ M. GTH(IC)%®12, CBL 10140
CT 3=={ ZWTxCOS(ADC(ICos 1) )XCOTAN(ADC(IC +3))+XuTASINCACC(IC,3))) CcBL 10150
t/XLCTH( IC) ceL 10160
RETURN cBL 10170
ENO cBL 10180
C TYTHIS IS A SINGLE PRECISION VERSION OF CABLESA TC EE USEC CBL 10190
C WITH THFE LRC MATRIX REDUCTION AND IBWM RCCT CBL 10200
C FINDING ROUTINE CcBL 10210
SUBRQUTYT INE LONCGC cBL 10220
COMMON /DAT/ AERO(150).AEROP (S0) «KCDE (2C) oL L CBL 10230
CIMMON / PLYCHA/RTD s XLGTH(S) sADC (S +3) sAF N (S 3) o TReTLFT,LTF cBeL 10240
COMMON /DU/DUM{10C,4,10) cBL 10250
EQUIVALENCE(AERO(46), XCG)e (AERC(4T7) , 2¢¢) CBL 10260
EQU IVALENCF(AERO (63)+THE TA) s (AERC (49) oV ( )+ (AEFRC (50), AM ) CcBL 10270
EQUIVALENCE(AERO (S1) +RHO ) » (AERO (S52) wT) +(AERC (53).,8 ] cBL 10280
EQUIVALENCE(AERD (54) 4CBAR ) 4 [AERO ([55) ,S¥ ) y{AERQC [56), XIXZ) CBL 10290
EQU IVALENCE(AERO (57)eXIXX )« {AERQO (S58) «YIVYY )} J(AERC (56),21ZZ ), CBL 10300
1 (AEROQ(SS)eAKR ) + (AERTC(100) ¢AKLF 1) cBL 10310
EQU IVALENCE(AERN( 123) s AKESY) o (AERD(124) ¢AKFHI) J{AERC(125),, AKTHE), CHEL 10320
1 {AERO{ 12€), AKAZ) ,(AERO(127) 4 11SY) o{AERC(128),T2FHI) CEL 10330
{AERO(129) + T3THE ) + (AERQ{(130) s 14 42) cBL 10340
EQUIVALENCE(AEROP( 1)s CXUP) o {(AEROP( 2) ¢« CZ2UF) J(AERCP( 3)y CMUP), CEL 10350
1 [AEROP( 4), CXAP) ,{AEROP{ 5) 4y C2AF) JIAEFRCP( 6)y CMAP), CBL 10360
2 {AEROP{ 7)s CXQP) + (AERCOP( 8) sy CICF) +(AEFRCP( 9)s CMQP), CHBL 10370
3 (AEROP(10)s CXOP) +lAEROP(11) ¢« C2CF) «(AEROP(12)¢ CMOP), CBL 10380
4 {AEROP (13) ,C XDEP) , (AERCOFP(14) CICEF) J{MERCF{15),CMDEP), CBL 10390
5 (AEROP (16) sCXADP) + (AERCGP(17) +C2ACF) o (AERCP(18).,CMADP), CBL 10400
6 (AEROP(19)s CYBP) J(AEROP(20) s, CLEF) +{AEROP(21). CNBP)» CBL 10410
7 {AEROP (22), CYPP) (,[AEROP[23) 4 CLFF) ({AERCP(24), CNPP), CBL 10420
8 (AERQOP(2S) s CYRP) o (AERQOP(26) s« CLERF) + (AERCP(27)+ CNRP), CBL 10430
9 (AEROP(28) yCYDRP) 4 (AEROP (29) «CLCRF) s {AERCP(30)+CNDRP), CBL 10440
- A (AEROP(31) sCYDAP) s (AERCP(32) «CLDAF) s {AERCOP(33) ,CNDAP)Yy CBL 10450



FILE

10

8

CABLE FOR TR AN P1 G K LU M M AN

DIMENSION CMAT(7,7,3)
COMPLEX RODTS( z6)

COMMON /SNUBB/SNU(3+3) 9+ SN(30) s THUSN o THLS P ,SAUC (3 ¢3)
COMMON /ROUGH/FRIC(3,6)

DIMENS ION FXS( 3.4)

D3 10 J=1, 3

DO 1C K=1,44

FXS(JeK)=0oe

DD 1 IC=1,°¢

DO 2 JU=1,1C

DO 3 K=1,1C

DUM(JeK )=0.

TENS=TF

IF{ IC«CGTeZ) TENS=TR

IF{ ICeGT +4) TENS=TLFT

DUM{ 14 2)= = TENS * COS{ADC(IC 43))
DUM( 1s €)= = TENS % SIN (ADCLIC o1))
DUM( 2, 2)= TENS * COS(ADCI(IC,1))
DUM(Z, €)= — TENS * SIN(ADCH{IC +3))

DUM( 24 2)=( ARM(ICe3I*DUM(162)=ARM(IC 1) ICULN(2,2))/120
DUM({ 2y S)= ARM{ IC42)%DLM {1 ,5S) /12

DUM( 2, E)==ARM( IC+1)}4DUM(2 +6) /12,

IF{ IC.GT<«2) GO TO 2

DUM( Ly 3)=COS(ACC(IC,1))

DUM( 24 2)=COS{ADC(IC +3))

DIM( 2y 2)=(ARMU IC+ 3)%DUMI(1 +3)—ARN(IC +1)*DULN(2:+3))/12,
CALL DLGTE (CX4CZ4CTel,0)

— CALL DLGTH (CXP+sCZP 4C TP 42 ,4C)

8 CALL DCOSLG({IC,DUM(S43) DUM(S 1) 4DUN(5,2) 4CUN(6 +3) yCUN(6,1),DUM

CX= CX + Cxp
XPZ ==(CZ4C7P ) /CX

DUM({ 4y 1) =xPZ

XPT ==(CT+CTP ) /CX

DUM( 4, 2)=xXPT

DUM{ 4,4 )= -1

CALL CCOSL G (IC.DUM(S.4).DUM(5.U.DLM(S-Z)-CUﬂ(6o4).
LODUM({ €4y 1) ,DLM( €E42))

DUM( €y €)==1

DUM( €, €)== 1

CALL MASH{ 32,€)

DO 4 J=1, 13

DO 4 K=1, 2

EXSCJIsKIZFXS(J4KIHDUM( S oK)

GO TO 1

IF(IC.CT.43G0 TO ¢

DUM( 14 4)=COS(ACC(IC,.1))

DUM( 2, 4)=COS{ADC(IC,3))

DUM( 2 4 )=(ARM( IC+ 3)XDUM (] s4)-ARM(IC o1 ) SCLN (2 ¢4)) /12
CALL DLGTHR{CX4CZeCT+3,0)

CALL OLGTH{CXP CZP CTP 44, C)

DUM( 7, 1)=CZ4CZP

DUM( 74 2)=CT+C TP

DUM( 74 2)=CX+CXP

DUM( 44 7)=AKR%* 1z,

D AT A

(AEROP (34) 4C YD SP) , (AERQP (35) 4CLLCSF) , (AERCF(36),CNCSP)

SYSTEMS

CBL 10460
CBL 10470
cBL 10480
CBL 10490
CBL 10500
cet 10810
caL 10520
CBL 10530
CBL 10540
CBL 10550
CBL 10560
CBL 10570
c8L 10580
CBL 10590
CBL 10600
ceL 10610
cBL 10620
CBL 10630
CBL 10640
CBL 10650
CBL 10660
CBL 10670
CBL 10680
CBL 10690
CcBL 10700
cBL 10710
cBL 10720
cBL 10730
CBL 10740
CBL 10750
CBL 10760
CBL 10770
CaL 10780
CBL 10790
CBL 10800
cBL 10810
cBL 10820
CBL 10830
CBL 10840
CBL 108S0
CBL 10860
cBL 10870
ca. 10880
cBeL 10890
CBeL 10900
cBL 10910
CBL 10920
CBL 10930
CBL 10940
Bl 10950
CBL 10960
CBL 10970
CBL 10980
CBL 10990
CBL 11000



“ILE

1

CAHBLF FORTRAN P}

1{6,2))
DUM( 44 4 ) =—
DUM(E'S)z-
DJM( €, €) =~
DUM( 74 7 )=~
CALL MASH(Z,7)

DO 6 4=1,2

DO € K=1,2

IF(K NESIIFXS{JIyK)ZFXS{JeK)I+DLN[J,K)

IF(K eFEQe2)FXS{Je4)=FXS(JesQ)+DLN{J4K)

GD YO 1

IF(KODE( 11)EQ.C)GO TO 1

CALL DLGTH{(DUM(7¢3) eDUM(T7 01) oDULM(762) ¢S +0)
DUM( 4y 7)=AKLFT%12,

GO TO 8

CONT INUE

N e

ADD SNUBBER I[INCREMENTS

7

THE CABLE FORCES/MOMENTS PARTIALS ARE CCWMFPLETEC

CALL LONGSN

DD 7 J=1,3

FXS{Je 1)=FXS{Js1)+SNU(JI2)
FXS{Js 2)=FXS(JIs2)¢SNU(JI-3)
FXS{Js 4)=FXE(Jea)#SNU(J 1)
CALL FRICT(O0)

AEROe« CATA IS NOW COMPUTED

20
X

Q=RFOXVO*V0O /2.

QS =Q*%Sw

QsSv=Qs/vo

XU=CXUPXQSV

ZU=CZUP%*QSYVv

EMU=CMUP *Q SVx CBAR
XA=CXAP®QSV

ZA=CZAP%XQSV

EMA=CM AP 2Q SV*CBAR
XQ=CXQP*QSV*CBAR/{VO%x2,.)
ZQ=CZ0P%2QSV*xCBAR/{VD%2,.)
EMQ=CM QP *QSV*CBAR /2«
XDE=CXCEP%QS

7DE=CZDEP*QS

EM CE=CMDFP *QS*CBAR
XAC=CXADPxQSVXCBAR/{VO%2.)
ZAC=CZADP*QSV*CBAR/Z(VO%x 2, )
EMAD=CMADP *QSV*CBAR /(2% VO0)
IROW=7

ICoL =7

IODRCER=3

DO 2C 1I=1, IROW

DO 2C J=1, ICOL

D0 <20 K=1,y IORDER
CMAT(T+J,K )=0,

EQUATION

CMAT( 141y 1)==FXS(1,1)

CUAT( 141y 2)==XA-SNUD(1+2)-FRIC(1+S5)-FRIC(1,2)

CMAT( 1,14 3)==XAD
CMAT( 1y 2o 1 )==FXS{1e2)+WTECOS(THETA) ~xA%X\(

G & U M M A N

O AT a

SYSTEMS

c8L 11010
cBL 11020
cBL 11030
CBL 11040
ceL 11050
ceL 11060
CcBL 11070
ceL 11080
CBL 11090
cBLil1to00
<BL 11110
cBL 11120
cBL11130
cBL 11140
CBL111S0
ceL 11160
CBL 11170
ceL 11180
cBL11190
<BL 11200
ceL 11210
cBL 11220
cBL 11230
cBl. 11240
CBL 11250
cBL 11260
CBL 11270
ceL 11280
cBL 11290
cBL 11300
cBL 11310
cBL 11320
cBL 11330
CBL 11340
CcBL 11350
CcBL 11360
cBL 11370
CBL 11380
CcB. 11390
8L 11400
CBL 11410
CBL 11420
cBL 11430
cBL 11440
CBL 11450
CBL 11460
<BL 11470
CBL 11480
CBL 11490
CBL 11500
CBL 11810
cBL 11520
CBL 11530
CB8L 11540
CBL115S0



FILE

z MOM

1

CABLE FORTRAN P11 G F L M M AN
CUAT{ 1424 2)==XQ=XADEVO=SNULD (] +3)=FRIC(] ¢6)=FRIC(]+3)
CMAT( 1,2, 2)=2CGRAM/]12.

CMAT({ 1y 3¢ 1 )==FXE( 1'3)

CYMAT( 14+ 1)==FXS(1e4)

CMAT( 1444 2)==-XL=SNUD(1,1)=FRIC(144)=-FRIC{1,1)

CMAT( 1,4, 3)=AM

CMAT(1sE41)==XDE

EQUATION

CMAT{ 2,1, 1)==FXES(2,1)

CMAT( 25142 )==ZA=-SNUD(2,2)-FRIC(2,5)~FRIC(Z,+2)

CMAT( 2, 14 3)=AM=-ZAD

CMAT( 2,291 )==FXS[(2,2)+WTk SIN{THETA) =ZAM\C
CMAT(24242)==ZQ-ZAD¥VO~-SNUD(243)-FRIC(2 6)-FFRIC(2,3)
CMAT( Ze2e 3 )=—XCGRAM /12,

CMAT(2,3,1)==FXS{(2,3)

CMAT( 2,4, 1 0¥=-F XS(2+4)

CMAT (24684 2)=—ZL-SNUD(2+1)~FRIC(2:8)-FRIC(241)
CMAT(2,5,1)==-ZDE

ENT EQUATION

CMAT( 34101 )==FXSE(3s1)

CMAT{ 3,1, 2)=—EMA=SNLWD [342)=-FRIC(3,5)~FFRIC (3,2)
CMAT( 34 10 3)=—EMADXCBAR® XCGXAM /12,

CMAT 29241 )3=-FXES( 34 2)-EMARVO® 2CGENTRCCS{TF-ETA) /12
-XCGXWT* SIN(THETA)I/ 12,

D AT A

CUAT( 3420 2)={-EMQ-EMAD¥* VO )*CBAR~SNUD({3 +3)-FFRIC(3+6)~FRIC(3,3)

CMAT({ 3424 3)=Y1YY
CMAT{3' 3' 1 )=-FXS(3. 3)
CMAT( 3,4, 1)==F XS( 3.4)

T CMAT( 364, 2)=—FML-SNWD(341)-FRIC(3 e4)-FRIC(3,41)

CMAT(3,4,3)=2CG*AM/12.
CMAT( 3,54 1)=—EMDE

- CONSTRAINT EQUATION

CMAT(A4,1,1)==-%xXPZ
CMAT( 4,2, 1)==XPY
CMAT(4,4,1)=1

C FEEDBACK LOOP EQUATION

100

€y 1y

TOMMEN

S¢
1

THE ROOTYS OF THF CHARAC.
AND T +HE NUMBER 0OF ROOTS IS

CMAT(5, 2, 2 )=AK THE
CMAT(S, Sy 2)=-T4THE
CMAT(5,551)=-1.

IW =€

N=KJDE( 8)

CALL MATRIX{CMAT,N,RODTS¢K48A,IER)
IF(KODE({ €)eNE«GC) WRITE(IW,10C) IER
FORMAT( 2Xs *IFR ="', 13,3X,*SEE SUBR.
EQUATY.
*K4A
CALL PRINTR{IW.RO0OTS.K4A)
RETURN

ENC

SURBROUT INE PRINTR
DIMENSION RT(Zz.1)

(LOUT 4RT(NRCCTY)

ARE IN THE CCMFLEX ARFRAY

PCFB ANC FFEM FOF ERROR COCE®')

* ROCTS*

SYSTEMS

CBL 11560
cBL 11570
CBL 11580
CAL 11590
CBL 11600
ceL11610
ceL11620
CBL 11630
CBL 11640
CBL 11650
caL 11660
CeL 11670
cBL 11680
CBL 11690
ceL 11700
cBL11710
cBL 11720
ceL11730
cBL 11740
cBL117S0
CBLI1760
cCBL 11770
cBL 11780
caL 11790
cBL 11800
cBL 11810
cBL 11820
CBL 11830
CBL 11840
<BL 11850
cBL 11860
cBL 11870
cBL 11880
<BL 11890
CBL 11900
CeL 11910
cCBL 11920
ceL 11930
CBL 11940
CBL 11950
CAL 11960
ceL 11970
€BL 11980
CBL 11990
ceL 12000
cBL 12010
CBL 12020
cCBL 12030
CcBL 12040
CBL 12050
CBL 12060
ceL 12070
CBL 12080

1/7T H/*,CBL 12090

T PRINTS PERTINENT INFORMATICN ABCUT CHAFRACTEFRISTIC RCOTS
WR ITE(LOUT,507)
FORMAT( . REAL IMAGI NARY T H/7C-SEC

on PERIOD~SEC DMATF-CFS URCANAT -CPS

DAMP

*,CBL 12100



FILE CABLE FORTRAN P11 G F UMD AN O AT A SYSTEMS

2 ‘RATIO DECAY RATIC ° JceL 12110
NEXT=1 cecl1z2i120

0D E2C 1=1,NROOT e 12130
IF(NFXT«EQaec) GO YO 777 CBL 12140
SIG=RT(1.1) caL12150

AS IC=ABS[S1G) <BL 12160

AW C=ABS{(RT(2,1)) CBL 12170
THDI= ASIG%1.442€6S cBL 12180
THD= 6G6G§SS. L 12190
IF{THFD I «GYeleE=ES) THD= 14 /THDI <BL. 12200
IF(AWD sEQe0e) GO TO 531 CBL 12210
NEXT=2 e 12220
WD==-AWLC CBL 12230
DNAT= AW *® L,1E£G1EE CBL 12240
PER= 6G66GG, CcBL 12250
IF(DNAT «GT «14E-S) PER = 1le/DNA Y CBL 12260
UNDNAT= SQRT(ASIGREk 2+AWDR%R2) *,1591550 cBL 12270
DAMPR= Q. ceL12280

IF({ AWD = 1.E1€ * ASIG ) £03,5C4,504 CBL 12290
503 DAMPR= SIGN ( COS{ ATAN ( AWD/ASIG ) ), =-S1G ) cBL 12300
504 CHDTI= THDI%PER ceL 12310
DECR= 6GG96G, ceL 12320
ARG= SIG * PER cBL 12330
IFCARGL Te174.€) DECR= EXP (ARG} CBL 12340

WR ITE(LOUTS2S) SIG4WD o THD 3y THOI ¢PER yDNAT qUNCNAT JCAVMFFR,CHC I, CECR cBL 12350

529 FORMAT( IPE1Z2e4+2Xs1H+ 4 1lPE 1104 ,1PBE13.4) CBL 12360
GO T0O €30 CBL 12370

5’ WR ITE(LOUT,E32) S1GoTHD o THDI cBL 12380
S FIRMAT{ IPE 1264, 14X 2E1364) CBL 12390
G) TOo €3¢ <BL 12400
777 NEXT=1 CBL 12410
530 CONT INUE CBL 12420
RE TURN <L 12430
ENC CBL 12440
SUBROUTINE MASH [NNyN) CBL 12450
COMMON /DU/DUM(1Ce1C) CBL 12460

C NN = FINAL MATRIX SIZE CBL 12470
C N = 0ORIGINAL MATRIX SIZE CL 12480
INN=N=NN CBL 12490

DO 1CC1l LL =14 INN caL 12500
L=N+1-LL cBL 12510
Ir=L-1 cBL 12520
JJ=L~-1 cBL 12530

DD 1CO1 I=1,11 CBL 12540

DO 1C0L J=1,JJ CcaL 12850
1001 DUMC I4sJ)= DUMC T+ J)4+DUMCL s J)XDULM(T o L) /7 (-CULM(L L)) CBL 12560
RE TURN ceL 12570

END cBL 12580
SURROUTINE LAY CBL 12590
COMMON /AT, AERO(150)+AEROP(SC) 4KODE (2C) 4LL CBL 12600
CIMMON / PLYCHA/RTO ¢ XLGTH {S) 4ADC (S5 ¢3) dAFRN {5 ¢43) oTR,TLFT,TF CBL 12610
COMMON /DU/DUM(10,1C) CBL 12620

EQU IVALENCE(AERO( 4€), XCG)e {AERO(47) 2¢G) cBL 12630

EQUIVALENCE(AERO (632)+THE TA) , {AERC (49) oV ( )+ (AERC (S0), AM) CBL 12640
EQUIVALENCE(AERDO (S51),RHO ) ({AERD ({(52), wT) ,(AERC (53),8B )} CBL 12650



FILE

i

10

1
2

TDPODNOO L WN -

CABLE FORTRAN P11
EQU IVALENCE{AERD {(54),CBAR ) , (AERQ

EQUIVALENCE(AERD (S57)+XIXX ) s {AERO

G FUWMDBMNSAN

(55) 40
{(58) 4y YIYY ) 4 (AEFC

{AERO(S$5) yAKR) ¢{AERD(100) ,AKLFT)

EQU IVALENCE(AERDO( 122),
(AERD(126),

EQUIVALENCE(AEROP( 1)e¢ CXUP)
(AEROP( 4) . CXAP)
[AEROP[ 7), CXGQGP)
(AERAP(10) s CXOP)
(AERQOP (13) 4C XDEP)
{AEROP(16) +C XADP)
(AEROP(19), CYBP)
(AEROP(22), CYPP)
(AEROP(2%) s CYRP)

AKAZ2) e (AERG(127) »
(AERO(12S) 4 T3THE ) o (AERO(130) 4
s {AERCPC( 2)
» (AEROP( 5)
v (AEROP{ 8) 4
o+ (AEROP(11) 4
+ [AEROP (1 4) qC2CEF) 4 (AEROP{15) ,CMDEP),
s (AERCGP (L 7) C24CF) 4 (AERCF(18),CMADP),
o (AEROP(20)
¢+ (AEROP {23)
¢« (AEROP (26) »

14422)

C2LUF) + (AERCP( 3),
C2AF) + (AEROP( 6),
C2CF) 4 lAERCF{ 9),
CZCF) o (AERQGF(12),

CLEF) +(AEROP(21),
CLFF) L, (AEFRCF(24),
CLFRF) o {AERCF(27),

D AT A S

)2 (AERC (56), XIXZ)
{(59),2122

e

AKSY) s {AERDO(124) ¢A¥FHI) ¢ (AEFC(125) 4 AKTHE ),
T1SY) o (AERC(128),T2PHI),

CMUP),
CMAP),
CMQP),
CMQOPR),

CNBP ),
CNPP ),
CNRP ),

(AEROP (28) +CYORP) 4 (AEROP(29) ¢CLLFF) ¢ (AERCP(30 )+ CNDRP ),
(AERGP (31) yCYDAP) 5 {AEROP (32) 4CLCAF) ,({AEROP(33),CNDAP),
(AEROP (34) +C YD SP) » (AERCP(3S) ¢CLCSF) +(AERCP(36)+CNDSP)

DIMENS ION CMAT(7.74+3)
COMPLEX ROOTS{ zs)

COMMON /SNUBB/SNU(343) «SNTIC) » THUSKNs THLSHK 4SMLC (3 ,3)

COMMON /ROUGH/FRIC( 3+6)
DIMENS ION FXS([(Z42)

DO 10 J=1,s 2

DO 10 K=1,2

FXS{JIyK)I)=Ce

01 111 [IC=1,€

IF(KODE( 112.EQ eCeANDsICEQeS5)GLC TC
DO 2 JU=1,8

DO 2 K=1,8

DUM(JeKDI=0o

TENS=TF

IF( ICeCGT a2 )TENS=TR

IF( ICeCT A )TENS=TLF T
CA1=COS{ADC(IC,1))
CA2=COS{ADC(IC.2))
CA3=COS(ADC({ IC,3))
IF(ABS(CA1).L.T++CCO1) CAL=Coe
IF(ABS(CA2)el Tee(0CO1) CAZ2=Coe
IF(ABS{CA3)L Tee0CO1l) CA3=0.

1

ODUM({ 1, 2)=—TENS*CA1

DUM( 1s 3)=TENS*CAZ

DUM{ 1, 4)=CAZ

DUM({ 1, €)=—TENS*SIN{ADC { IC 42))

DUM{ 2+ 2)=( ARM(IC,1)*¥DUM(1+,2)-ARM(IC,2)*TEMSHICA2)/12.
DUM( 2y 2)= ARM{ IC,1)%DUM{1 ,4,3) /12,

DUM{ Zy 4V=(ARM{( IC 4 1)*CA2~ARM(IC ,2)%CAL)/12.

DUM{ 2, €)= ARMU IC+2)*TENSk SIN(ADC(IC 1)) /12.

DUM( 2, €)= ARM{ IC,1)*%DUM{1 46) /12,

DUM( 44 4)=- 1.

DUM( 4, E)=Co

IF( ICaGT a2 )NDUM(4,E)=AKRX] 2,

TF{ ICCY A DUM( 4, E)=AKLFT%12,
DUM( 3, 2)=—ARM{ IC,3)*%DUM(]1 ,2) /12.

OUM{ 3, 3)=(=-ARM{ IC,3)%DUM(1 43)=ARM[IC,2)9TENS2CA2)/12¢

YSsT

CBL 12660
ceL 12670
CBL 12680
CAL 12690
CBL 12700
cBL 12710
CBL 12720
L 12730
CcBL 12740
ceL 12750
CBL 12760
cAL 12770
ceL 12780
CBL 12790
CB. 12800
ca- 12810
cBL 12820
cBL 12830
CBL 12840
CBL 12850
CBL 12860
<BL 12870
cBL 12880
ChL 12890
CBL 12900
<BL 12910
CBL 12920
cBL 12930
CcBL 12940
CBL 12950
CBL. 12960
cBL 12970
CBL 12980
ceL 12990
C8aL 13000
cBL 13010
CBL 13020
CeL 13030
CBL 13040
AL 13050
C8L 13060
ceL 13070
CBL 13080
cBL 13090
CBL 13100
ceL 13110
CcBL 13120
cBL 13130
CBL 13140
CBL 13150
CBL13160
c<BL 13170
ceL 13180
ceL 13190
cBL 13200

EMS



FILE

-
-

CABLE FORTRAN P11

DUM( 34 9)=(ARM ([ JIC+2)%CA3=ARM(IC +3)%CA2)/12.

DUML 3, 7)=—ARM{ IC, 2)*TENSk SIN(ADC(IC 1)) /12,

DUM(3'6'='ARW(IC'3)*DUM(106,/120

CALL DCOSD(IC«DUM(S41) sDUM(S5+2) sDUNMIS+3) +CLN(691) CUN(64+2),DUM(

1690 3)sDUM{ 74 1) ,DUM[7,42) DUM(7 43))
DUM( E4 S)==~1,

DJM( Es €)= 1,

DUM{ 7, 7)=~1.,

IF(ICCGTa2)GD YO 2

CALL MASH( 2, 7)

DN 4 U=1,3

DO 4 K=1,2 -
FXS(JeKI=FXS{IsKIEDUM(J 4K)
GO TO 1

IF{ICeCYT 4)GO TO €

CALL DL GTH(CY,CPS,CPH3,1)
CALL DLGYH(CYP ,CPSP ,CPHP ,4,1)
DUM{ E4 1) =CYRCYP

NUM{ &, Z)=CPS+CP P

DUM( 84 2)=CPFH+CPHP
DUM( Es B)==-1.,

CALL MASHKH( Z,8)

GO TO €

IF(KODE( 11).£EQ.0)G0 TO 1
CALL DLGTH(DUM(&.!).DUM(E.Z).DLN(B.B).5'1)
DUM( E, B)== 1,

GO Tn €

CONT INUE

1. CONT INUE
COMPL ETE SUMMATION OF CABLE FORCES & NCMENTS
ADD SNUBBER INCREMENTS

112

8

CALL LATESN

0D 8 JU=1,3

DO 8 K=1,2
FXS(JeKI=FXS(JeK)I+#SNULJI LK)
CALL FRICT(1)

ADD AERO INCREMENTS

Q= «SX¥R HO X VO X VO
QAS=Q%Sw
QsSv=QsS/v0o
ROV=8/(Z+%V0)
YV=CYBP%*Q<V
ELV=CLBP%®*QSV*B
ENV=CNBP ®*Q SV*AH

YP =CYPPRQ<S%30V
E_P=CLPP *BOV*Q SR
ENP=CNPP2BOV*Q €xB
YR=CYRP*Q S%30 V
ELR=CLRP*BOVXQ <%xB
ENR=CNRP*BO V*Q %8
YDR=CYDRP%RQS
ENDR=CNDRP %Q S%xR
EL DR=CL.DRP *QS*x8
YDA=CYDAP%QS
ENCA=CNLCAP *QS«B

G F L NMMAN

O AT A

SYSTEMS

waim

cBeL 13210
caL 13220
CBL 13230
CBL 13240
ce 13250
CBL 13260
cBL 13270
cBL 13280
cBL 13290
cBL 13300
¢BL 13310
CBL 13320
CcBL 13330
8L 13340
CAL 13350
caL 13360
CBL 13370
CBL 13380
CAL 13390
CBL 13400
CBL.13410
ceL 13420
CBL 13430
CBL 13440
CeL 13450
CBl. 13460
CBL 13470
CB8L 13480
CBL 13490
CBL 13500
CBL 13510
CBL 13520
CBL 13530
CBL 13540
CBL 13550
CBL 13560
CBL. 13570
c<BL 13580
CBL 13590
CBL 13600
ceL 13610
ceL 13620
CBL 13630
CBL 13640
cBAL 13650
CBL 13660
cBL 13670
CBL 13680
CBL 13690
¢BL 13700
ceL 13710
cBL 13720
CBL 13730
ceLi13740
CBL 13750



FILE

CABLE FORTRAN P1
EL CA=CLDAP*QS*86
YDS=CYDSP*QS
ENCS=CNDSP*QS*8

EL DS=CLD <SP *QS*B

DD 113 I=1,.7

DD 113 J=1.7

DI 112 K=1e2

113 CMAT{ I,J4K )=0e
C Y FORCE EQUATININ

CM AT( " 1,1 ’:—FXS( " | B ]
CUAT({1,152)==YV=SNUD(1,1)=FRIC(1+4)-FRIC{1,1)
CMAT(1s1, 3)=AM

CMAT( 12, 1)==FXS(142)¢YVENC-WTXSIN{THETA)
CMAT(142,2)==YR=SNUD(1,42)=-FRIC (1 ,5)-FRIC(1,2)
CMAT( 1,2y 3)I=AMEXCG/ 120

CMAT( 1+331)==FXE(1¢3)~nTkCOS(THE TA)

CMAT( 1y 3,2)=—YP-SNUD(1,43)=FRIC({1,46)-FRIC{1,3)
CMAT(1s 3, 3)==AMRZCG /12

CMAT( 1,4, 1)=—Q<S*xCYDRP

CMAT{ 1ls €4 1)==QEXCYDAP

C YAW EQUATION

C

CMAT( 24 1s 1)=-F XS(2s1)

CMAT( 2419 2)1=—ENV=SNUWD (291 )-FRIC(248)-FRIC{2,41)
CMAT( 2, 19 2)1=AM%XXCG/12.

CMAT( 24251 )==FXS(242)4ENVEVO=-XCG*WTRSIN(TFHET2) /120
CMAT( 242, 2)1=—ENR=SNLD (242)~FRIC{2,S5)-FRIC{2,2)
CMAT( 2924 3 1=2122

CMAT( 243, 1)==FXS(243)+XCGC*nT*CCS(THETA) /12
CMAT(2: 3 2)=-ENP=SNUWD{2¢3)=FRIC(246)-FRIC{2,3)
CMAT{ 2,3, 2)==X1IX2Z

CMAT( 2,45 1)=—QS*B*CNDRP

CMAT[ 24 €y 1)=—Q SxRRCNDAP

ROLL EQUATION

CMAT{3,1,1)==FXS{2,1)

CMAT{ 3,14 2)=—ELV=-SNUD (341 )-FRIC(3+4)-FRIC(341)
CYVAT( 34 1o 3)=-AMXZCG/]1 2.

CMAT( 39241)==FXS{2,2)+ELVEXVO~2CGxnT*SIN{THETA)/12.
CMAT( 3424 2)=—ELR=SNUD(342)-FRIC(3,5)-FFIC(3,2)
CVMAT( 3,2, 3)==Xx1IX2

CMAT(3,3,1 )=—FXS(3.3)-ZCGthT*CGS(‘IHE1’A)II2.
CMAT{ 3,3, 23=—ELP=-SNUD(343)-FRIC(3,46)-FFIC({3,3)
CMAT( 3,3, Z)=X1IXX

CMAT( 2,4, 1)=—Q<*B*CLDRP

CMAT(3sSe 1)=—-QS%B%CLDAP

C RUDDER FEEDBACK LOOP

CMAT( 4,4 24 2)=AKEY
CMAT(A,y4,2)=—TZCY
CMAT(4,4,1)=—1.

C AI_LERON FEFDBACK LOOP

CMAT(S, 3¢ 2 )=AKPHI

CAAT(S,y) Sy 2)=—TPHI

CMAT(S, 5, 1)=-1.

Iw=¢€

N=KODE(S)

CALL MATRIX{CMATN,ROOTS¢K&A,IER)

G FU M NMANDN

C AT A

S

Y ST EMS

CeL 13760
cBL 13770
cBL 13780
CBL 13790
cew 13800
cBL 13810
cAL 13820
ceL 13830
cAL 13840
CcBL 13850
CBL 13860
CeL 13870
ce. 13880
CBL 13890
cBL 13900
CAL 13910
cBL 13920
CAL 13930
cBL 13940
CBL 13950
CBL 13960
CEL 13970
CcBL 13980
CBL 13990
CBL 14000
CcBL 14010
CBL 14020
CBL 14030
CBL 14040
CBL 14050
CBL 14060
CBL 14070
CAL 14080
CBL 14090
CcBL 14100
CBL 14110
ceLi4120
CcBL 14130
cBL 14140
ceL 14150
CBL 14160
CBL 14170
cBL 14180
CBL 14190
CB 14200
cBL 14210
et 14220
ceL 14230
CBL 14240
CBL 14250
CBL 14260
cBL 14270
ceL 14280
cBL 14290
CBL 14300



FILE CABLE FOR TR AN P1 G F L M M S N D AT A S Y ST EM S
IF(KODE{ E).NE «C) WRITE(IW,100) IER cBL 14310
100 FORMAT(2X, *TER=%¢13,3X, *SEE SLBR. PQFB ANC FFEN FOR ERROR CODE*) cBL 14320
C HE ROOTS OF THE CHARACTERISTIC EQULAT. ARE I[N THE CCMFLEX ARRAY CBL 14330
C "YROJTS* ANC THE NUMBER OF ROOTS IS *K4aA® CBL 14340
CALL PRINTR{IWJRODOTSKEA) CBL 14350
RE TURN cBL 14360
ENC CcBL 14370
SUBROUT INFE DCOSDUIC eC Y1 3CPSI 1 4CPHIL oC VY2 ¢CFSI2¢CFHI20CY3,CPS 13, CBL 14380
1CPFIZ) CBL 14390
COMMON /PLYCHA/RTD s XLGTH(5) sADC(Se3) sAFNIE 33) o TRTLFT,,TF CBL 14400
XWT=ARM( ICs 1) CcBL 14410
YWT=ARM{ 1C, 2) CBL 14420
ZWT=ARM( IC, 2) CBL 14430
CY 1==COS(ADC( IC42))*COTAN(ADC (IC 1))/ XLGTF(IC)*L2. CBL 14440
COSIT1==(YWT*SIN(ADC (IC 4 1) )+ XuTRCOS{ADC {IC +42) ) CCTANCADC(ICe1))) CBL 14450
IL/XLCTH( IC) CBL 14460
CPHII=(ZWT*COS(ADC(IC,2))*COTAN(ADC (IC 1)) -VYWTHCCS{ACC{IC,3))% cBL 14470
1COTAN{ ADC( IC, 1)) ) /XLGTH{IC) CBL 14480
CY2=SIN(ADC(IC+2))/ XL GTH(IC)*12. CBL 14490
CDSIZ=(YWT*COS(ADC(IC01’)*CU'AN(ADC([C'Z)’flit'SlN(‘CC(IC'Z)’)/ caL 14500
IXL CTH{ IC) CBL 14510
CPHIZ==(ZWTXSIN(ADC(IC+2) )4+YWTRCOSCADC (IC+3)) #CCTANCADC(ICe2))) CBL 14520
1/XLGTH( IC) CBL 14530
CY 3=z=COSCACCCU ICs 2)I¥COTAN({ADCL{IC ¢3) )/ XLGTIH(IC) #12. CBL 14540
CoSI3={YWT*xCOS(ADC(IC,+1))®COTAN(ADC(IC ¢3))=xuTHCCS(ACC(IC.2))% CBL 14550
1COTANCADCCIC, 2)))/XLGTH(IC) cBL 14560
CPHI3=(ZWT*COS{ADC(IC42))*%COTAN(ADC{IC 43) )+ YNTASIN{ACC(IC,3))) CBL 14570
1/7xLGCYH{ IC) cBL 14580
~ RETURN CBL 14590
END CBL 14600
SURROUT INE SNTRM ([F XSN,FZSN,ANSEN,THETA) ceL 14610
COMMON /DA T /AERO( 150) e AEROP (5C) «XKODE (20) oL L CBL 14620
COMMON ZZ2Z(z00) cBL 14630
COMMON/TABLI/ZZ(ECC) CBL 14640
COMMON /SNUBB/SNUL( 263) e SN(30) ¢ THUSNGTHLEMN ¢ SNUL (3 43) . CBL 14650
EQUIVALENCF(AERO(10S)y SNLULX) , {AERC(106) 4 SALY) ,[AERC(107), SNUZ), CBL 14660
1 (AERO(1CB),y SNLX) ¢(AERC(10S) .+ SPLY) J(AERC(110), SNLZ), CBL 14670
2 (AEROC1I11) e ENLET) o (AERO(112) ¢SMLWL) +(AERG(113),SNUBL )y CBL 14680
3 {AERD(114),SNLST) v (AERO(115) ¢SMLUL) o{AERC(116),SNLBL }, CBL 14690
4 (AEROD(117)e TUSNO) »{AERC(118) ¢TLSENC) o(AERC(119)+ AKSNU ), CBL 14700
) (AERO(120)+AKSENL) »(AERO(49) » VC) +{AEFRQI(51), RHO ) CcBL 14710
6 {AERO (7€) 4 WLCR) ¢ {AERC(77) ySTACF), CBL 14720
7 (AERD(78) +BLLR) CBL 14730
EQUIVALENCE (SN( 1)e GX1)e(SENC 2)s GY1)(SNC 3), GZ1). CBL 14740
1 [SNL 8)s GX2)¢{SEN{ 5)y GY2) (SN[ 6), GZ2), CBL 14750
2 CSENC 7)e GX3)e(SENC 8)y GY3) iSMNL 9), 623), cBeL 14760
3 {SN(10)y GX&),(SN{11), GVYA) ,{SA[12), GZ4 ), cCBL 14770
4 (SN(12), THU) +( SN (14) , THL) e (SEN(15) ALU), ce 14780
S (SN(1€) ALL) » CBL 14790
6 (SNCIS) s THG XL ) s (SEN(20) ¢ THGY1) s (EN(21) s THGZ1), CBL 14800
7 (SNC22) e THGX2) s {SEN(23) » THGY2) s {SN(28) ¢ THGZ2), cBL 14810
a [SN{2ES) yTHGX3) y (SN (26) yTHGY3) J{SMN[2T),THCZI), CBL 14820
Q9 ({SNU2E) s THG X4 ) ¢ {EN(29) ¢ THGYS) ¢ (SN(30) +THGZ4) CBL 14830
Iw=6 CBL 14840
- IF{KODE[ 10).EQ.C) GO TO 5CCS CcBL 14850



FILE CABLE FORTRAN P11
CALL ECRCSN( THE TA)
IF{(KNDE{ 10).NE 1) GO TO 5CC3
SNURRAER EFFLCTYE

C IMS TN MIODEL

5002 FIRMAT({ 22X, '"ERROR IN SNUBBER TABLE

Q= o SR HL) ®« VO ® V()

CALL STINT{OsALUsCel el 4 TUSENGNG)
IF({NCNE.O) GD TO S0CC

CALL STINT(Q.ALL ¢O0y1,1,4TLENGNG)
IF{NGC.NE«GC) GO TO 5CO0C

CALL STINT(QesALUCes242 4 THLSN NG)
IF{NGe.NE«O) GO TO 5000

CALL STINT(QsALL 04242+ THLENSNG)
IFI{NG«FQ.0) GO TO 5S¢0l

S000 WRITE( Iw,SC02) NGALL JALU,Q

RETURN

1=-2

S001 CONT INUE
CALCULATING FORCE AND MOMENT EFFECTS
CALL DORCUSN{ THETA)

FXUSN=
FZ USN=
AMUSN=
FXL SN=
FZL SN=
AML SN=
FX SN
FZ SN =
AM SN
RETURN

it

¥ TUSNXGX ]
ce*TUSNXGZ]
=—FXLEN®SNLZ+SNUX%®F 2USN
X TLSNEGX3
ce*TULSN%XGZ3

F XL SN® SNL Z +F ZL SN® SNL X
FXUESN #F XL SN
FZUSN+F ZLL SN

=(AMUSN4AML SN) /12,

Sw—3 CONTINUE
C TERMS TO MODEL SNUBBER EFFECTS (NCDEL SNUBEECL)

5005

W N -

FX USN=
FZUSN=
AMUSN
FXL SN=
FZ L SN=
AML SN
FX SN =
FZSN =
AMSN =
~E TURN
FX SN=0
FZSN=0
AM SN =0
RE TURN
END

2% TUSNO®GX]
24* TUSNOXG21

==FXUSNX* SNUZ+F ZUSN% SNUX

< o¥* TL ENO%*G X3
ce*TLSNO%GZ3
FXLSN® SNL Z+FZL SN® SNL X
F XU SN #F xLL SN
F7ZLSN+F2ZL SN

(AMUSN ¢AMUSN) /1 2.

SUBRROUTINE LONGEN
COMMON /DAT/AERO(15C0) sAEROP(SC) +KODE (20) oL L
COMMON /SNUBB/SNUC3453) 3 SN(30) ¢ THUSNs THLER ENLC (3 ,3)

COMMON

72Z{z0G)

COMMON/TAB1/ZZ(EQC)
COMMON/DL/CIM(1C,10)

EQUIVALENCE(AERO(10S5) .

(AERO(108),

ENLX) « (AERQ(106) ,
SNLX) « (AERO(109) ,

G F UMD AN

{MCDEL UNSNUEEEC)

D AT A

s PG='413,3E10.3)

EMLY) L LAERC(10T ),
SMLY) +C(AERO(110),

SNUZ ),
SNLZ ). CBL 15380

SYST EMS

CBL 14860
cBL 14870
cBL 14880
cBL 14890
CBL 14900
CBL 14910
CBL 14920
CBL 14930
CBL 14540
CBL 14950
CBL 14960
cBL 14970
CBL 14980
CBL 14990
CBL 15000
CBL 15010
CBL 15020
CBL. 15030
CBL 15040
CBL 15050
CBL 15060
CBL 15070
CBL 15080
CBL 15090
cBL 15100
caL 15110
caL 15120
<BL1S130
CBL 15140
CBL 15150
CBL 15160
CBL 15170
cBaL 15180
CBL 15190
CBL 15200
CBL 15210
caeL 15220
cBL 15230
CBL 15240
cBL 15250
CBL 15260
caL 15270
<BL 15280
CBL 15290
CBL 15300
CBL 15310
cBL 15320
caL 15330
CBL 15340
CBL 15350
CBL 15360
<BL 15370

(AERO(!!I).SNLST).(AEROILIZ).SDLIL).(AEFC(IlB).SNUBL),CBLlSBQO
(AERO(114),SNLST) +(AFRC(115) «SPLWL) +(AERC(116)+SNLBL), CBL 15400



FILE

1001

5102

C

o)

QOBNIPOEWN =~

CABLF FORTRAN P11 G F L M ¢+ AN

C AT A

S YSTEMS

{AERO(117)+TUSND) o (AERO(118) 4TLSNC) +(AERC(119), AKSNU), CBL 15410

(AERO(120) sAKSNL) ¢ (AERO(49) vC) 4 {AERC({51),

{AERO(63) yTHE TA) o (AERO([121 ) 4ACSMUDY ,{AERC(122),4ACSNL)

EQUIVALENCE {(SN({ 1)s GX1)s{SEN( 2), GY1l)(SEN( 3), GZ1),
({ SNC 4), GX2) s (SNU( 5) GY2)+(SN( 6)» GZ2),
{SN{ 72y GX3) (SN B)e GYI) (SN 9), GZ3).
(SN{10)s GX4)4(SEN(I1)s GVYA)(SEN(12), CZ4 ),
(SN(13), THU) y{EN(14) , THL) g {EN115), ALU ),
(SN{1€), ALL),

(SN 1S) e THG X1 ) o (SN{20) s THGY1) o {EN(21) o THCZL12,
ISN({22) s THG X2) ¢ {SN{23) ¢ THG Y2) s (SN (24) ,THGZ2),
(SN{2ES) ¢y THG X3) ¢ {SN{26) s THGY3) s (EN(27) +THCZ3),
(SN(28) s THG X8 ) s (EN(29) s THG YA ) s (EN(30) s THGZA)

DIMENS TON FTOP (3, 3) ,FBOT(3,3)

CIT(A)=1/TAN{A)

Iw =6

DO 1C01 I=1.e3

DO 1CC1 JU=1,.13

SNU{T,9)=0

SNUD( 1,J)=0

D3 €102 I=1,10

DO €10z J=1,1C

DUM( IsJ)=0

IF(KODE( 10)«NE«1l) GO TO 1CCO

TERMS FOR UNSNUBBED SNUBBER EFFECTS {(LCNG)

DD 10604 I=1,7

DO 1CC4 JU=1+7
oUM( 1,J)=0

CALL DRCUSN(THETA)

DUM( 1, 2)= -~ Z2.*% TUSNOXG 21

DUM( 15 4)= —Zk TUSNO¥SIN(THGX1)

DUM( 1, €)= Ce¥GX1

DUM( 2, 2)= ce ¥ TUSNO %G X1

DUMU{ 29 €)= —Ze*¥TUSNO®SIN(THGZ1)

oum{( 2, €)= Z.%G2Z21

DUM{ 3s 3)= (—SNLZEDUMI 1 +3) +SNLXEDUM(2 43))/12
DUM{ 3, 4)= —SNUZADUM(]1 +4) /712

DUM( 2, E)= ENLXXDOLM (2 ,5)/712.

DUM( 2, €)= (~-SNLZEDUM(1+6) $SENLXXDUM(26))/120

DUMC 4, 1)=( SIN(THGX1)/AL L) %12,

DUM({ 4, 2)= (-GZI1*COT{THG X1 ) /ALL)*12,

DUM{ 8¢ 20= —SNUZRSIN(THC X1 )/ZALL=SANUX%G 21 9CCT(THGCX1)/ ALY
DUM( 4, 4) = -1

DUM( S, 1)= (-GXIX*COT(THGZ1)/ALL)X]12,

DUM(Se 2)= (SIN(THGZ1)/ALU)*12,

DIUM( Sy 33= SNUZRGXL*COT(THGZ1)/ALU 4+ SAULXASIN(THGZ1)/ALU
DUM( Sy €)= ~ 1.

CALL DRCESN([ THE TA)

= SRR HOXVO®VO

ALUL=ALU® 1.
CALL STINT(QsALULI 041 91 o TUSENL (NG)
IF{NCeNE.O) GO TO €000
ALUZ=ALU-1.

CALL STINT{Q,ALU2,041 41 ¢TULENZ ,,NG)
IF(NC.EQ.0) GO TO €CO1

RHO),

cBL 15420
CBL 15430
CBL 15440
CBL 15450
CBL 15460
ceL 15470
CBL 15480
CBL 15490
CaL 15500
caL 15510
cBL 15520
ceL 15530
CBL 15540
CBL 15550
CBL 15560
CBL 15570
CBL 15580
CBL 15590
CBL 15600
CBL 15610
CBL 15620
CBaL 15630
CBL 15640
CaL 15650
CBL 15660
CBL 15670
CBL 15680
CBL 15690
<BL 15700
cBL 15710
cBL 1S720
CBL 15730
CBL 15740
CBL 15750
CBL 15760
cBL 15770
CBL 15780
cBL 15790
CcBL 15800
cBL 15810
ceL 15820
CBL 15830
CBL 15840
CceL 15850
CBL 15860
cBL 15870
ceL 15880
CBL 15890
CBL 15900
L 15910
cBL 15920
CBL 15930
CBL 15940
CBL 15950



FILE

€000
£ 12

€001

1005

S003

€004

1008

CABLE FORTRAN P11 G F LU M DM AN
WR ITE{ TW, SC02) NGJALL+ALULQ
FORMAT( *ERROR IN TABLE 1=-2¢NG=°,12,3%XE1Ca3)

RETURN

CIAINT INUE
AKX TU=( TUSN I-TUSNZ2) /2.
DUM( €, €)= -1,

DUM{ 6y 7)= AKTULX12,

DUM({ 7, 1)= =-GX1

DUM{ 7, 2)= =-GZ1

DUM{ 74 2)=( (- SNULX+ALUXGX1) *GZ1 - {~SNU2+ALLAG21)4CX1L)/ 12
DUM( 70 7)= -1

CALL MASHK(Z,7)

DO 100& 1=1,3

DO 1G0€ JU=1,3

FTORP(TeJ)=0LM(]14+J)

CALL DRCUSN( THETA)

DUM( 1, 2)= -2 *TLENO%GZI

DUM({ 1s 4)= — 2% TLSENOXSIN(THG X3)

DUM{ 1, 6) = Ze*¥GX3

DUM( 2, 2= ce* TLENO*G X3

DUM 2y E)= =2, TUSNOXSINI(THGZ3)

DUMC( 2, €)= ce*¥GZ2

DUM{ 3, 33= (SNLZ*¥DUM[1¢3) +SNLX®DUN{2,3)) /12,
DUM( 24 4)= SNLZ*DUM{1 +4) /12,

DUM( 3, 5)= SNL X*DULM (245} /712,

DUM{ 34 €)= (SNLZ*DULM{1 ,6) +SNLXXDUM(2,:6))/12.
DUM( 4, 1)= (SIN(THGX3)/ALL)*12,.

DUM( 4, 2)= (~GZI*¥COT(THGX3) /ALL)%]1 2,

DUM{ 44 3)= SNLZ*SIN(THGX3) /ALL ~ SNLX®GZIHCCT{THGX3)/ALL
DUML 4, 4)= -1.

DUM(Es 1)= (~-GX2%COT(THGZ3)/ALL)®*12,

DUM[ Sy 2= [ SIN{THGZ3) /ALL)*12.

DUM( S, 2)= ~SNLZX*GX3I*¥COTCTHGZI)/ALL + SALI#SIM(THGZ3I)/ALL
DUM([ S, €)= -1,

CALL ODORCSN(THETA)

ALL1=ALL ¢+1.

CALL STINT(Qe,ALL1 404191, TLSENL ¢NG)
IFI{NCeNF «0) GO YO €003
ALL2=ALLL-1.

CALL STINT(Q+ALL2+0+s1 el +»TLSNZ oNG)
IF{NG.EQ.0) GO TO 5004

WRITE( IW, SC02) NG,ALL JALU,Q

FETURN

CAINT INUE

AKTL={ TLEN 1-TLSNZ) /2.
DUM( €y €)= ~—1.

DUM( €y 7)== AKTL%®12,
DUM( 74 1)= -=GXx2

ouMl 7y 2)= ~-GZ2

DIM 7y 2)={ (-~ SNLXH+ALL*GX3)HGZ3- (SNLZ¢ALLAG I3} AGXI)I/12.
DUM( 7, 7)= ~-1le

CALL MASHKH{ 3, 7)

DO 1C0E 1=1,3

NO 1008 J=1e3

FBOT{ TeJ ¥=DUM({ I1,0)

O AT A

SYSTEM

CBL 15960
CBL. 15970
caL 15980
CBL 15990
¢BL 16000
<al 16010
CBL 16020
CBL 16030
CBL 16040
CBL 16050
CBL 16060
CBL 16070
CBL 16080
CBL 16090
CBL 16100
caL 16110
8L 16120
¢BL 16130
caL 16140
CBL 16150
CBL 16160
cBL 16170
ceL 16180
CBL 16190
CBL 16200
ceL 16210
ceL 16220
CBL 16230
CBL 16240
caL 16250
CBL 16260
CBL 16270
cBL 16280
CBL 16290
CBL 16300
cBL 16310
CBL 16320
CBL 16330
CBL 16340
CBL 16350
CBL 16360
<BL 16370
CBL 16380
CBL 16390
CBL 16400
CBL 16410
CBL 16420
CBL 16430
CBL 16440
CBL 16450
CBL 16460
CBL 16470
CBL 16480
cBeL 16490
CBL 16500

4



FILE

1009

1000

CABLE FORTRAN P11 G F LU M 0 AN C AT A

DO 1006 I=1,23

0O 1006 J=1,23

SNUD( T.J)=C

SNU( 1400z FTOP(1,J)#FBOT(I oJ)
RE TURN

IF(KODE( 10)«EQ.C) GO TO 1CC2

C TERMS FOR SNUBPRED SNUBBER EFFEC TS(LONG)

1006

10

1007

CALL CRCSEN(THE TA)
DO 1CC€E I1=1,7
) 1C00€ J=1,7

DUM( IsJ )=0

NUM( 1y 2)= —Z.%¥ TLENO%XG 2]
DUM( 14 4)= =2, TUSNOXSIN{THGX1)
DUM( 1ls €)= Z.®GX1

DUM{ 2, 2)= ce® TUSNOXG X1

DUM( 24 €)= =2 TUSNOXSINI(THGZL)

DUM( 2+ 6) = Ce*xGZ1

DUM{ 3y 2)= {-SNUZ¥DUM{ 1 ,3) +SNLXXDUM{2,3))/12,.
DUM( 3, 4)= —SNLZXDUM{1 +4) /12,

DUM({ 3, E)= ENUXXDIM(24S) /712,

DUM( 3, €0= (-SNLZ*¥DULM(1 ,€) +SNUXXDUM(2 ,6))/12.
DUM(4, 1)= (SINCTHG X1 ) ZALL)*1 2.

DUMC 4, 2)= (-GZ1*%COT(THG X1 ) /ALL)*12.
DUM{ 4, 2)= —-SNUZ*SIN(THG X1 ) /ALL-SNUX*G 21 3C(T{TFGX1)/ ALY
DUM( 4, 4)= =—1.

DUM{ S 1)= (-GX1*COT(THGZ1)/ALL)%*12,
nuM({ =, 2d= [SIN(THGZL)/ALL)*12,

DUM( S, 2) = SNUZAGXI%COT(THGZ1)/7ALU & SAULXASIN(THGZ1 )/ ALV
DUM{ Sy E)= =1,
NUM{ E,E)= —1,

DUM{ €, 7)= AKSNL%X12,

DUM{ 7y 1 )= ~GX1

DUM{ 7, 2)= =-GZ1 :
NDIM{ 7e 2)= ((—SNUXHFALURGX]1 }*GZ1-(-SNUZ+ALLEGZL1I4GCX1)/712.
DUM( 74 7)= ~1e

OO0 10 1=1,23

DO 10 J=1,2

SNUD{ [sJ )=DUM{ T+ E)*ADSNLR*DIM(7 4J) %12,
CALL MASH([ Z,7)

NI 1607 1=1.23

PO 1C07 J4=1,2

FYOP{1,J)=CWM(1,3)

PDUM{ 1, 2)= = 2.5 TLSNO*G2Z3

DUME 1s 4)= =2 TLENO*SIN(THGX3)

DUM[ 14 €)= Z.%GX3

NDUM( 2¢ 2D)= Z2o*TL SNO*G X3

DUM( 2, €)= — 2ok TLENO*SIN(THG23)

PUM{ 2y, €)= Zo¥GZ3

DUME 3, 3= (SNLZ¥DUM{ 1 +3) +SENLIRDUN{2¢3)) /12
DUM( 2, 4)= SNLZ*DULM (1} ,4)/12.

DUM(3y5)= SNLX*DLM(2'5)/l2¢

DUM( 3, €)= (SNLZ¥DUM( 1 +6) ¢ SNLXXDUM(2,46))/12.

DUM( &, 1)= (SIN(THGX3)/ALL)I*12.

DUM( 4y 2)= (-GZ3*COT(THGX3)/ALL)I%*12.

puM(a, 2)= SNLZ*SIN(THGX3) /ALL ~ SNLX¥G234CCT{THGX3)/ALL

SYSTEM

ceL 16510
cBeL 16520
cBL 16530
CBL 16540
CBL 16550
CBL 16560
CBL 16570
cBL 16580
CBL 16590
CeL 16600
CBL 16610
cBL 16620
CBL 16630
CBL 16640
CBL 16€SO
CBL 16660
CBL 16670
CBL 16680
CcBL 16690
CcBL 16700
cBL 16710
CBL 16720
cBL 16730
CBL 16740
<BL 16750
CBL 16760
cBL 16770
<BL 16780
CBL 16790
CBL 16800
cBL 16810
CBL 16820
CBL 16830
CBL 16840
CcBL 16850
CBL 16860
ceL 16870
CBtL 16880
CBL 16890
CBL 16%900
CBL 16910
cBL 1620
CBL 16930
CBL 16940
CBL 16950
CBL 16960
CBL 16970
cBL 16980
CBL 16990
CBL 17000
cBL 17010
CB 17020
CBL 17030
CBL 17040
CBL 17050

<



FILE CASBLE FORTRAN P11 G F U MM AN DAT A
DUM({4,4)= -1,
DUM(Ey1)= (-GXI*COT(THGZ3)/ALL)I*12,
DIMls,2)= (SIN(THGZ3)/Z7ALL)IX12,
DUM( €y 3)= =SNLZ*GX3%COT{THG23)/ALL + SNMLXSSIN(THGZ3)/ZALL
DUM( €, €)= -1le
DUM( E, €)= —~1a
DUM{ Es 7)= AK SENL* 12
DUM( 7, 1)= -=GX3
DUM{ 7, 2)= ~GZ2
DUM( 79 3)= [(~SNLX4ALLXGX3)%G 23 ~[(SANLZ24ALLICI3)ICX3I/12a
DUM( 74 7)== =1le
DO € I=1,23
DN 20 J=1,4 3
20 SNUCCIsJ)=SNUD(TI+J)#DUM{] «6) *ADSNLEADUN(T7 +.)212,
CALL MASKH( 32,7)
DO 1C1C I=1,3
DO 1010 JU=1,3
1010 FBOT({1,J)=CUlM(L,49)
DO 1C11Y 1=1,3
ON 1011 U=1,3
1011 SNU(I.J)= FTOP(14J)+FBOT(I 4J)
RETURN
1002 DO 10C3 I=1,3
DN 16032 4=1,3
SNUD( 149 )=C
1003 SNU(1,J)=0
R = TURN
ENE
= SUBROUTINE DCRCEN(THETA)
COMMON /DAT/AERO( 150) s AEROP (5C) +KODE (20) oL L
CIMMON /SNUBR/ZSNU( 34 3) s SN(30) s THUSNs THLSNMN +SNUC (3 ,3)
EFEQUIVALENCE{AERO{10E), SNULX) 4,{AERO(106) 4 SMLY) ({AEFRC(107), SNUZ),
1 (AERO{108)y SNLX) +(AEROCLI0S) ¢ SNLY) +{AERC(110), SNLZ)e
2 (AERO[111)4SNLET) ,(AERO(112) ,SMUNL) 4 (AEFRC(113),SNUBL ),
3 {AEFO(114)  SNLST) (AERO{115) ¢SMLWL) »(AERC{116)+SNLBL)>»
4 (AERO(117)s TUSND) ¢ (AERC(118) +TLENC) «(AERC(119) 4 AKSNU ),
S (AERO(120) yAKSNL) ,
6 (AERD ([ T€) yWLCR) 4 {AERC{77) gST1ACF) 4 {AERC (78) +BLCR)
EQUIVALENCE {(SN( 1)s GX1)s{(EN( 2) s GY1)e(ENC 3D, GZ1 ),
1 ( SNC 4), GX2) e (SN S) s GY2)4{SN( 6), GZ22),
2 {SNL 7))y GX3),(SN( 8}y GY3I),{snl 9), GZ3),
3 C(SNC1C)s GXa4)(EN(11) e GYA),(SN(12), GZa ),
4 {(SN[{13), THU) g (EN(14) , THL) ¢ (EN(15), ALU ),
S {SN(1€)e ALL)Y,
6 {SNC19) o THG X1 ) o (SEN(20) o THGY1) ¢ (EN(21) s THCZ1)
7 {SN{22) yTHG X2 ) + (SN{(23) s THGY2) o (SN (24) s TKHGZ2)
8 (SNU2E) s THGX3) s (LSN(26) o THGY3) ¢ (SEN(27) s THGZ3 ),
Q (SN{28) y THG X4 ) 4 {SN(29) s THG YA ) ((SN(30) ,THGZSE)
C CALCJULATION OF SNUBRBER CAULE DIRECTICN CCSIMES
XA1= ( STACR=SNLSTI*COS(THETA) = (WLCR-SALVYL)ISSINMN{THETA)
ZR 1= (WLCR~SNUMW )*COS{(THE TA) #+ (STACR=SALUESTISSIN{THET A)
XxXB2= XB1
7R 2= 781
XA3I= [ STACR=-SNLSTYI*XCOS(THETA) = (WLCR=SNLUWL)ASIN(THET A)
ZB 3= (WLCR-=SNL WL )*COS{THE TA)+ (STACR-SALST)FSIN(THETA)

SYSTEM

CBL 17060
CB8L 17070
cBL 17080
CBL 17090
CBL 17100
cBL17110
CBL17120
CcBL17130
CcBL 17140
CBL 17150
cBL 17160
cBL 17170
cBL 17180
cal17190
cBL 17200
ceL 17210
CcBL 17220
CBL 17230
CBL 17240
cBL 17250
cBL 17260
cBL 17270
cBL 17280
ca 17290
CBL 17300
ceL 17310
CBL 17320
CBL 17330
CBL 17340
CBL 17350
CcBL 17360
CBL 17370
CBL 17380
CBL 17390
CcBL 17400
CcBL 17410
ceL 17420
CBL 17430
CBL 17440
CcBL 17450
CcBL 17460
ceL 17470
CBL 17480
cBL 17490
CBL 17500
ceL 17810
cBL 17520
CBL 17530
cBeL 17540
CBL 17550
CBL 17560
CBL 17570
CBL 17580
CBL 17890
CBL 17600

Q



FILF CABLE FORTRAN P11 G F L &M ¢ 2N D AT A SYSTEMS
XB4= X8B3 ceL 17610
7RA4=7B13 cBL 17620
DX 1= XB1+SNUX CBL 17630
DY 1= = SNUBL #SNLY cBL 17640
D7 1= ZB14+SNUZ CBL 17650
DX 2= OX1 CBL 17660
DY 2= SNUBL-SNUY cCBL17670
DZ 2= DZ1 cBL 17680
DX 3= XB3#SNLX CBL 17690
DY 3= SNLBL-SNLY cBL 17700
DZ 3= ZB3-SNLZ cBL17710
DX a= DX3 cBL17720
DY 4= — SNLBL +SNLY ceL 17730
DZa= NZ3 CBL 17740
ALUSQ= DX1%%2 + DY1%%2 & DZ]1%*2 cBL 17750
ALY = SQRT(ALUEZQ) CBL 17760
ALLSQ = DX3%%x2 + DY3¢%x2 + DZ3%%x2 CeL1777o0
ALL = SQRT(ALL Q) cBL 17780
Gx 1 = DX1izAL U cCBL17790
Gy 1 = DY1/ALU cBL 17800
GZ1 = DZ1/AL U cBL 17810
GX 2 = DXz/ALU cBL 17820
Gy 2 = DYz/ALU CBL 17830
GZ 2 DZ 2/AL U CBL 17840
GX 2 DX2/ALL cBL 17850
Gy 3 = DYZ/ALL CBL 17860
GZ 3 = DZ I/ALL cBL 17870
GX 4 DX 4/ALL cBL 17880

~ Gy 4 = DYA/ALL cBL 17890
G? 4 = BZ4/ALL CBL 17900
07 1 I=1G6, 30 cBL 17910
J=1-18 caL 17920
SN{ I¥=ARCOS(SN(J)) CBL 17930
RETURN CBL 17940
END CcBL 17950
SUBROUTINE DRCULSN(THETA) cBL 17960
COMMON /DA T /AERD( 150)sAEROP (S50) +KODE (20) oL L CBL 17970
CIMMON /SNUBRB/SNU(3+43) o SN(30) o THUSNe THLEPM s SPLC (3 03) cBL 17980
EQUIVALENCE(AERO(105)s SNULX) ¢ (AERO(106) s SALY) s (AERO(107)s SNUZ)s CBL 17990

1 (AERD{108), SNLX) 4{AERQ{10G), SALY) {AERC(110)y, SNLZ), CBL 18000
2 {AERO{111)+SNLST) »C(AERO(112) +SML ML) JCAERC(113),SNUBL).CBL 18010
3 (AERO(114)3SNLET) 4(AERC(115) +SALBL) o{AEFC(116)+SNLBL), CBL 18020
4 [AERO{117) ¢ TUSND) {AERO[118) ¢ TLENC) 4{AERC{119),AKSNU),CBL 18030
S (AERO{120) AKSENLY CBL 18040
6 (AFRD( 7€) +WLCR) ¢ (AERC(77) oSTACF) +(AEFC(78) +BLCR) CEL 180S0

FQUIVALENCE (SN[ 1)y GX1)e(SN( 2),y GYL)(EN( 3), CZ1), CBL 18060
1 (SNE 4)se GX2)UlSEN( S)e GY2)e(SNL 6), CZ2), CBL 18070
2 (SNl 7)e GX3)e(SNE B) e GYID(Sh( 9), CZ3)., CBL 18080
3 {SN{1C)y GX&){SN{11), GYA),(SN(12), GZ4), cBL 18090
4 (SN(13). THUD o (SN(14) & THL) ¢« (SEMN(1S) ALU) ceL 18100
S {SN(1€)e ALL)S ceL 18110
& (SN{1G) ¢THG X1 ) ¢{SN[20) y THG Y1) 4{SA{21) ,THGZ1), cBL 18120
7 (SN{22) s THG X2 ) + (SN (23) s THGY2) « (SP(24) +THGZ2)» ceL 18130
8 (SN{25) ¢ THG X3) s (SNE26) ¢ THGY3) s (SEN(2T) +THCZ3 ), CcBt. 18140
9 {SN(28) ¢ THG XA ) ¢ (SN (290 4 THGYAE) ¢ (SM(30),THCZA) CBL 18150



FILE

C

CALCULATION FOR EFFECTIVE DIRECTICN CCSINES FCFR ULNSNUEEEC CASE

CABLE FORTRAN P11 G F U VM NMAN

AYL = SNLBL-(BLCR#SNLY)

AZL =—SNLWL-{ WLCF#+SNL Z¢SNLX*SIN(THETA))
AYU = SNUBL—-(RLCR+SNUY)

AZU = SNUWL-({ WLCR+SNUZ-SNUXx SIN(THE TA))
THU= ATAN(AZU/ZAYU)

THL= ATAN(AZL/AYL)

ALU=AYUZ( SINCTHUSN)®COS(THL))

GX 15= —-COS{THUSN)}

GY 1S= —-AYU/AL U

GZ 15= -AZU/ALU

GX1 = GX1S*COS{THETA)~-GZ1 S*SIN{THE TA)
Gvr1 = CY1S
GZ1 = CZ1S*COS{THETA)+G X1 SxSIN{THETA)

GX 2 = GX1

Gy 2 =-CY1

GZ2 = ¢czZ1

ALL=AYL /{ SIN{ THLEN)®COS {(THL))

GX 3S= ~COS(THL EN)

GY 2S= AYL /ALL

GZ 3S= AZL /ALL

GX 3 = GXIS*COS(THETA)I-GZ3SXkSIN(THE TA)

Gy 3 = GY3S

G7 2 = GZIAS*COS{THETA)+5X3S*SIN{THETA)
GX 4 = €CX3

Gy 4 =-CY2

GZ4 = ¢Z2

DO 1 1=16, 20

J=T1-1°

SN I)¥=ARCOS(SN(J))

RETURN

END

SUBROUTINE RITE

COMMON /DAT/AERO( 1S0)+AEROP (SC) «KODE (20) oL L
Iw=6

IF(KODE( €)eGT&1) G2 TO 1

WR ITE( Iw, 1CO)

FORMAT( 15X, *FPONT CABLE VERTICALREAR CAELE HCFIZONTAL')
GO YO 4

IF{KODE(€)GTez) GO TO 2

WR ITE( IW, 2C0)

FORMAT{ 15X, *FROMT CABLE HORI ZGNTAL REAF CAELE VERTICAL®)
GO TO 4

IFIKODE( €)eGT32Y) GO TO 2

WR ITE( Iw, 3CQ)

FORMAT( 1€X,*°B0TH CABLES VERTICAL"®)

Gl TN 4 :

WRITEL Iw,4CC)

FORMAT({ 1EX,*A0OTH CAALES HCRIZCNTAL?®)

CINT INUF

IF(KODE( 10).EQ-C) GO TO S

IF(KODE( 10)+EQel1) 0O 10O 6

WRITE( Iw,5C0)

FIRMAT{ 1SX,+ *SNUBBER S SNURBED*)

GO YO 7

D AT A

S YSTEMS

caL 18160
csL 18170
CBL 18180
(BL 18190
CBL 18200
ceL 18210
cBL 18220
cBL 18230
cBL 18240
CcBL 18250
CBL 18260
cBL 18270
ceL 182890
cBL 18290
cBL 18300
ce. 18310
cBL 18320
cBL 18330
CcBL 18340
cBL 18350
ceL 18360
cBL 18370
cBL 18380
cBL 18390
CBL 18400
cA. 18410
CBL 18420
<BL 18430
CBL 18440
CBL 18450
CBL 18460
CBL 18470
<BL 18480
CBL 18490
CBL 18500
cBL 18510
cBL 18520
<BL 18530
CBL 18540
CeL 18550
cBL 18560
cBL 18570
CBL 18580
CBL 18€90
<BL 18600
cBL 18610
CBL 18620
<L 18630
CBL 18640
cBL 18650
CBL 186€0
CBL 18670
ceL 18680
CBL 18690
cBL 18700



FILE

800

900

70
71

72
73

8]

101

76
77

78

79
a0

a1
82

84

CABLE FORTRAN P1

WR ITE( Iw, €CC)

FIRMAT( 15X, '"NO SNUBBERS®)

GO 1O 7

WR ITE( Iw, 7CC)

FIRMAT( 15X, *SNULBBER S UNSNULBBED?*)
CONT INUE

IF(KODE( 11).EQe0Q0) GO TO 8

wR ITE( Iw, 8CC)
FORMAT( 1SX, L IFT/ANTI-LIFT CABLE IN®)
GO TO S

WR ITE( IW,5C0)

FORMAT( 1€Xs 'NO LIFT/ANTI-LIFT CABLE®)
CONT INUE

RETURN

END

SUBROUTINE STINT{AL1,A24A3 MINTBL,NMAXTBL ¢FCT 4NG)
EQU IVALENCE (X{ 1) NLMPTS(1))

COMMON NUMPTS{ 1)

DIMENSION Xx{(1)

I1Z =NUMPTS(1)/3

IF{MINTBL-MAXTRL) 71 ,71,11tC

DI 73 TI=MINTBL MAXTBL

NJ=NUMPTS(II)+1

IF{A3=-X{NJ))T72,74,73

IFCII-MINTBL) 11Cs1124¢75

CONT INUE

G TO 112

IK = 1

IL =2

NM =NJ

DO G7 IF=1IK,.IL

NS =NUMPTS[{I1I1)+1

NT = [Z+11
10 =NUMPTES(NT)
IP =10 4NJ

N3 77 1Q=1,10

NN = NJ +1Q

IF (AL=X{(NN))I7EL,T7E,17
IF(CIQ=1) 110,112,765
COANT INUE

GO YO 11¢

IG ==1

GO TO #&cC

IG =41

NI=NI+4+12Z

13 = NUMPTS(NT)

DN 8z 1A=1,18

NS =[P+ 1A

IF (A2-X(N<S))B1,83,82
IF{ 1A-1) 11C,112,E4
CONT INUE

GO TN 11

IH =-1

GO TN gc=

IH =+1

G F U ¥ M AN

C AT A

SY ST EMS

cBL 18710
cBL 18720
cBL 18730
cBL 18740
ceL 18750
ceL 18760
CBL 18770
cBL 18780
cBL 187390
C8L 18800
cBL 18810
caL 18820
cBL 18830
CBL 18840
cBL 18850
CBL 18860
CcBL 18870
ceL 18880
CBL 18890
CBL 18900
cBL 18910
CBL 18920
CBL 18930
CBL 18940
<BL 18950
CB8L 18960
CBL 18970
ceL 18980
CBL 18990
CBL 19000
cBL 19010
CBL 19020
CBL 19030
CBL 19040
CBL 19050
CBL 19060
cBL 19070
CBL 19080
CBL 19090
cBL 19100
CBL 19110
caL 19120
cBL 19130
CBL 19140
CBL 19150
CBL 19160
CBL 19170
CBL 19180
cal 19190
CAL 19200
cBL 19210
CBL 19220
CBL 19230
CBL 19240
cBL 19250



FILE CARLE FORTRAN P} G F U MDMNMAN C AT A S YSTEMS
85 NE=IP+IB+1Q+I0%*1A-]I0 CBL 19260
NR =NE- 10 cCBL 19270
_ IF{IC+IF) EE,8E8,651 cBeL 19280
86 IF (X(NE)-GGGGELSESIB7+113,113 CBL 19290
87 FCT = X(NE) CBL 19300
GO TN &5 CBL 19310
88 IF(IC) 8G, 11C, $3 CBL 19320
89 IF(AMAXI(X(NE)+sX(NR))I-GGI9GL.SES)I0,113,113 cBL 19330
90 FCT =X(NE)X={X(NS)I-A2)&{X{NE)=X(NR) ) /Z/{X(NE)-2(NS=1)) CBL 19340
GO TN GE CBL 19350
91 IFLAMAXI{XINE) ¢ X(NRDI¢X(NE—=1) o X(NR=1))~GGGGELSED)IF2,113,113 CBL 19360
92 FCT = ({X({NS)-A2)X({X(NN)=AL1)RX{NR=1)~C(2(MA=1)=-£1) *#X(NR) CBL 19370
1)-(X(NS=1)-A2)*(( X{NN)=ALD)®RX(NE=1)=(X(NDP=-1)-A1)RX(NE))) CBL 19380
2/7{ (X{NS)=X{NS=1))%{ X{NN)=X(NN=1))) CBL 19390
GO TO & CBL. 19400
93 IF(AMAXI( X(NEde XINE=1))=56598.5E9) G4 113,113 CBL 19410
94 FCT = X(NEX( X{NN)=AL)®( X(NE)~- X(ME-1DDI/7{ X(NN)= X(NN-1)) CBL 19420
95 G TO (S€E+S83GG ), IF CAL 19430
96 DUMSTG =FC1 CBL 194480
97 I1 =11-1 CBL 19450
98 FCT =DUMSTG=( X{NM)-A3)IE{(DUNSTG=-FCTI/( >i{rNM)- XI(NJ)}) CBL 15460
99 RETURN CBL 19470
74 Ik =3 CBL 19480
IL =32 CBL 19490
GO TO 101 CBL 19500
110 NG =2 CBL 19510
GO TO S6 CBL 19520
2 NG =2 CBL 19530
=~ GO TO S§ CBL 19540
113 NG =4 CBL 19550
GO YO &6 CBL 19560
ENC CBL 19570
SUBRAOUTINE TABIN(NUMTBL ¢NZ +NG) CBL 19580
CIMMON NUMPTS( 1) CBL 19590
COMMON /TABOUT/ NIMTBL,ISOQ CBL 19600
DIMENSION XULMPTIS(1) CBL 19610
INTECFR*Z LABEL(Z7) CBL 19620
ENU IVALENCE (XUMPTS(1) NUMPTE(1)) o (DUNNY(1) ¢NMUMMY) CBL 19630
DIMENS ION DUMMY( 1C) CBL 19640
MCR=0 CBL 19650
10 17 =1ABS(NZ) CBL 19660
NUNIT=¢ CBL 19670
IF{NZ LT +.C) NUNIT=E CBL 19680
NIMTBL = NLMTBL CBL 19690
NG=0 CBL 19700
NJMPTS(1)=1Z+412¢12 CaL 19710
107 RFEAD{NUNIT,S7) K, LIN, L2N, LABEL, ISEC CBL 19720
IFI(MCR EQeC) GO YO 3 CBL 19730
4 WRITE(Es 1) KoL INJL2NJLABEL oI SEQ cCeL 19740
1 FIRMAT(21S, 1CX,27A2,14€) CBL 19750
ST FORMAT(E8X[4,212,2702412) CBL 19760
3 IF(ISEQ) EC¢e5EL€S CeL 19770
v IF(K) $G, €S, €6 cCeL 19780
LO9M = IZ + NIMTBL CBL 19790
NUMPTS(M) = L IN ceL 19800



FILE

17
70

€0

€l
62

63
64

€S

66

67

68
109
1089

69
99

70
71

CABLE FORTRAN P1

M = M 4 12

NJIMPTS(M) = L2N
IF(NUMTBL=-NIMTBL )17470,17

NUMPTSINIMTBL) = MUMMY
N1 = (LIN=-1) 7/ S + 1
DD 6€ IS = 1,N1

L3 = (IS-1) * S ¢+ 1

IF (IS-N1) €0, €1, €0
L4 = L2 + E

GD T0O €z

L4 = L IN

LS = NUMPTS(NIMTBL) + 1
L6 = LE + L2 '

L7 = LS + La

JJ =0

LM = LS 4 LIN

LN = LM ¢ L2N

REACI(NUNIT, €4) (DUMMY(K)sK=]141C) o

FIJRMAT (1CE7.Cs12)
IF{MCR EQeC) GO TO €

WR ITE( €y 2)IDUMMY, 1 SEQ
FIRMAT( 10E12.4+1%)
XUMPTS(LE)=z DUMMY(1)

K = 2

DO 65 J = LENL 7
XUMPTS(J) = DUMMY(K)

K = K41

ISOQ=( IS—1)*(L ZN#1)+JJ+%1

IFCISEQ-1S0Q) €S+€6,65
L6 = LN + L3

L7 = LN 4+ L4

LS = LM 4 1 + JJ

IF (JJ-L2N) &7 €EE, 66
JJ = 44 + 1

LN = LN + LIN

GO T €7Z

CONT INUE

MUMMY = NUMPTS{NIMTBL) +
NIMTBL = NIMTBL + 1

GO TO 1Cz

NG = 1
RETURN
ENC

G F U MDP AN

1€EC

{LIN#1) = {(L2MN#1)

SURROUTINE STINTI1(A1+sA2A3+MINTBL +MAXTRLFCToMNG)
EQUIVALENCE (X(1).NUMPTES(1))

COMMON/TAB I/NULMP TS( 1)
DIMENS ION X( 1)
IZ=NUMPTS(1)/23

IF(MINTBL-MAXTBL)71,71,116C

DO 72 TI=MINTBL MAXTBL
NJ=NUMPTS( I1)+1
IF(AZ-X(NJ))IT72:74473
IF{TI-MINTBL) 11C,112,475
CONT INUE

GJ ¥N 11z

D AT A

S YSTEMS

cBL 19810
<BL 19820
ceL 19830
CeL 19840
CeL 19850
CBL 19860
e 19870
CBL 19880
CBL 19890
CBL 19900
C<BL 19910
CBL 19920
cBL 19930
CBL 19940
CBL 19950
CBL 19960
CBL 19970
cBeL 19980
CBL 19990
ceL 20000
CBL 20010
cBL 20020
CBL 20030
CBL 20040
CBL 200S0
CBL 20060
cBL 20070
cBL 20080
CBL 20090
<eL 20100
CBL 20110
CBL 20120
ceL 20130
CBL20140
CBLL 20150
CBL 20160
cBL 20170
cBL 20180
cBeL 20190
CcBL 20200
< 20210
<BL 20220
cBL 20230
CBL 20240
CBL 20250
CBL 20260
cBL20270
CcBL 20280
CEL 20290
cBL 20300
CcBL 20310
CcBL 20320
<eL 20330
cBL 20340
<BL 20350



FILE

75

101

76
77

78

79
80

81
82

A3

86
ar

88
RY
90

91
92

93
94
95
96
97
98
99
74

CABLE FORTRAN P1

IK = 1

IL =2

NM =NJ

DN G7 IF=1K, IL

NJ =NUMPTS(ITI)el

NI = IZ+11

I0 =NUMPTS(NT)

1P =10 +NJ

DO 77 I1Q=1,10

NN = NJ +1IQ

IF (A1=-X(NN))7€47E,77
IF{IQ~1) 11Ce112,76
CONT INUE

GO 70O 11z

IG =-1

GO TO €E¢

IG =+1

NI=NTI+17

I8 = NUMPTS(NI)

DN Bz 1A=1,IR
NS=1IP+1A

IF (A2-X{(NS))81,€E3,8€2
IFC IA=-1) 110s112+84
CONT INUE

GO TO 11¢

IH =-1

GO TO €€

IH =+1
NE=IP41B+41Q+1IND*[A-]0O
NR =NE~ IO

IF{IC+Ik) EELBE,LSI

IF (X{NE)-CSSGGEEES)ET4113,113

FCT = X(NE)
GD TO ¢
IF(IC) 8Ss11C,S2

G F LWNMDSN AN

IF{AMAX I X{NE) 4 X[NR))I-GSIGE.SES)IF0¢413,4113
FCT =X(NE)I=(X{NSI-A2) R (XINEJ~XINR) ) Z7(X(NS)=-X(NS-1))

Gy TN 6¢

D AT A

IF{AMAXT{ X{NE } y X{NR ) ¢ X{NE=1) 3y ¥{NR~=1)) ~GSGGELSEF)I2,113,113
FCT = ((XINS)I-AZ2)*{{X(NN)=AL )& X(NR=L}=(X(PMA=-1)-21) *X(NR)

Gd) TO G¢

IF{AMAX1{ X{NE ), X{NE=1))-66998.5E9) S4 4113,4113

FCT = X{NEI-{ X{NN)-A1) % {

GO TO (G€4SEeSC),IF
ODUMSTG =FCT1
Ir =11-1

X(rE-1))/

X(AN) -

1)=-(X(NS=1)-A2)«{(XINN)=AL)RX(NE-1)~-(X(NN=-1)=£1)¥X{NE)))
270X (NSI=XINS=1) )% ( XINN)=X(NN=1)))

FCT =DUMSTG-( X{NM)=A3 )% (DUMSTG-FCT)/( Y(aw)- X{(NJ))

RETURN
I< =2
L. =2
GHh T9 101
NG =2
Gl TN S6

X(NN=-1))

SYST EMS

CBL 20360
cBL 20370
CBL 20380
CBL 20390
cBL 20400
cBL 20410
cBL 20420
cBL 20430
CBL 20440
cBL 20450
CBL 20460
Bt 20470
CBL 20480
CBL 20490
CBL 20500
cBL 20510
cB8L 20820
cBL 20E£30
CBL 20540
cBL 20550
CEL 20560
CBL 20570
cBen 20580
CBL 20590
cBL 20600
CBL 20610
CBL 20620
CcBL 20630
CBL 20640
CBL 20650
CBL 20660
CBL 20670
CBL 206890
CBL 20650
CBL 20700
CBL 20710
caL 20720
cBL 20730
CBL 20740
CBL 20750
cBL 20760
cBL20770
cBL 20780
CBL20790
CcBL 20800
ceL 20810
CBL. 20820
CBL 20830
CBL 20840
CBL 20850
cBL 20860
CeL 20870
caL 20880
CBL 20890
CBL 20900



10

17
70

60

€l
62

63
64

N

6S

FORTRAN P}

G TO S6

ENC

SURBRJOUTINE TABINI(NULMTBL+NZ+NG)
COMMUON/TAB1/NUMPTS{ 1)

CIMMON /TABOUL/Z NIMTBL,IS0OQ
DIMENS ION XLMP TS(1)

INTEGER*®Z LASEL(27)

FQUIVALENCE (XULMPTS(1) NUMPTS(1)) s (OUNNY(1) 4MUNMNY)
DIMENS JON DUMMY( 10)

MCR=C

17 =1ABS(NZ)

NUNIT=S

IFINZ sLTe0) NUNIT=E

NIMTRL = NLMTBL

NG=C

NIMPTS{ 1)=1IZ+12+12
READ{NUNIT,S87) K, LIN, L2N, LABEL, ISEC
IF(MCR EQeC) GO TO 3

WRITE(E,1) KeyUL INJL2NJLABEL oI SEQ
FORMAT( 215, 1CXe27A2,14¢€)
FORMAT(EX14,212+s27A2,,12)

IF( ISEQ) €G,5E4H€S

IF{K) ¢s, &G, £S5

M = [Z + NIMTBL

NJMPTS(M) = L IN

M =M 3+ 17

NUMPTS(M) = L 2N
IFINUMTBL-NIMTBL)17,70,17
NUMPTS(NIMTBL ) = MUMMY

N1l = (LIN=1) / S + 1}
DN 68 1S = 1,N1
L3 = (IS-1) * S + 1

IF ( IS=N1) €0+ €1, €O
L4 = L2 ¢+ F

GND TO €z

L4 = L IN

LS = NUMPTS(NIMTBL) + 1
LS5 = LE + L3

L7 = LE ¢ LA

JJ = O
LM = (5% ¢+ LIN
LN = LM + LZ2N

READ(NUNIT,64) (DUMMY(K) ¢K=1,1C), TISEC
FORMAT ( 10E7.C,12)

IF(MCR EQ+C) GO TO €

WR ITE( €, 2)OUMMY, [ SEQ

FORMAT{ 1CE1Z2.4,1€)

XJMPTS(LE)= DUMMY(1)

K = z

DO €5 J = LELL7

XUMP TS({J) = DUMMY({K))

K = K+1

G F L M F AN

D AT A

SYSTEMS

CBL 20910
CBL 20920
CBL 20930
CBL 20940
CBL 20950
CBL 20960
CBL 20970
CBL 20980
CBL 20990
CBL 21000
CBL 21010
CcBL 21020
CBL 21030
CBL 21040
CaL 21050
CBL 21060
ceL21070
CBL 21080
CBL 21090
CBL 21100
CBL 21110
CBL 21120
CBL 21130
CBL 21140
ceL 21180
CBLZ1160
ceL 21170
CBL 21180
CBL21190
CBL 21200
cBL21210
CEL 21220
CBL 21230
CBL21240
CBL 21250
CBL 21260
cBL 21270
CcBL 21280
CBL 21290
CBL 21300
ceL2131Q
cBL 21320
CBL 21330
CAL 21340
CBL 21350
CBL 21360
CBL 21370
CBL 21380
CAL 21390
CBL 21400
CBL 21410
CBL 21420
CeL 21430
CBL 21440
CBL 21450



FILE

67

&8
109
108

€9
99

C _ON
~t0
11

12

13

C LAT
2

20

21

22
23

1

COMPUTES THE FRICT.

CABLE FORTRAN P}

IS0Q=( IS=1 (L cN+1) 40U+
IF{ ISEQ=1S0Q) €S, €€+66
LéE = LN ¢ 23

L7 LN + LA

LS = LM ¢ 1 + JJ

IF (JJU~-LZN) €7+ €EE, 65
JJ = JJ o+ 1

LN = LN + LIN

GD YO €3

CONT INUE

MUMMY = NUMPTYS{NIMTBL) + (LIN#1) * (L2h+1)
NIMTAL = NIMTBL + 1

GJ) TO 10:z

[

NG = 1
RETURN
END

SUBROUTINE FRICT{IDX)

COMMON /DAT/AERO{ 150) yAEROP (5C) 4KODE (20)
COMMON /ROUGH/FRIC(3,6)

ENUIVALENCE (AERO(9€)sCOU)(AERO(1 04) «ChF)
DO 1 [=1,3

DO 1 J=14€

FRIC(1sJ)=Ca

IF(CMP cEQeQe s ANDeCUUEQe O )RE TURN
IND=KOQCE({ €)

IF( ICX NELC)GO TO 2

GITUCINAL PULLEY FRICTION COMPLTATICN
GO TN(C10s 114 12+13)4IND

CALL FRVT(1)

RETURN

CALL FRVT(Z)

RETURN

CALL FRVT(1)}

CALL FRVT(Z)

RE TURN

ERAL CIRECTIONAL FRICTICN COMELTATICN
GO TO(20.21,22422),IND

CALL FREZ( 2)

RE TURN

CALL FRFEZ(1)

RETURN

CALL FR¥Z{ 1)

CALL FRKZ(3)

RETURN

ENC

SUBRNAUTINE FRVT(IC)

COMMON /DAT/AERO( 150} +sAEROP(5C) «KODE (20)

G R UMD AN

C AT A

EFFECT OF THE VERT PULLEYS CAM THE LCNGe DYNe.

COMMON Z/PLYCHA/RTD ¢ XLGTH{S ) JADC (593) 9ARN (5 43) o TR (TLFT ,TF

COMMDON /ROUGH/FRIC([3,6)

EQU IVALENCE (AERD{SC)+RVF)+(AERO(92) +RVF) 4 (AEFRC(96)CCU),

(AERD( 104),CMP)
DIMENSION DT1(32)4DT2(3)
IF{ IC.EQ2)GO TO 1
TENS=TF

S YSTEMS

CBL 21460
cBL 21470
CBL 21480
CBL 21490
L 21500
ceL 21510
cBL 21520
CBL21S30
cBL 21540
CBL 215850
CBL 21560
ceL 21570
CBL 21580
CBL 21E90
caL21600
ceL 21610
CBL 21620
cBL 21630
cBL 21640
CBL 21650
CBL 21660
CBL 21670
cBL 21680
CBL 21690
cBL 21700
cBL21710
cBL 21720
cBeL21730
CBL21740
ceL217so
CBL21760
cA™ 21770
cBL21780
CBL 21790
cAL 21800
ceL2isl1o
cBL 21820
cBL 21830
CcBL 21840
cBL21850
CBL218€0
CBL 21870
cBL 21880
CBL 21890
CBL 21900
caL 21910
cBL 21920
ceL 21930
CBLZ21940
CBL 21950
CBL 21960
cBL 21970
cBL21s80
CBL 21990
cBL 22000



FILE

C COMPUTES TrE FRICT.

CABLE FORTRAN P1
RAC=RVF/1za
AVX=(ADC(Zs1)-ADC(141)) /2.
CAX=COS{AVX)

CAZ=SIN(AVX)

GO TN 2

TENS=TR

RAC=RVR /12
AVX=2,1415S+(ADC(4+1)-ADC(3s1)) /2.
CAX=COS(AVX)

CAZ=SIN(AVX)

AIMX ={ ARM{ IC, § J+ARM {(IC+1,1)) /24,
ARMZ ={ ARM( IC+1,3)-ARM(IC,3)) /24,
ENORX=TEMN S*COS(ADC( IC41))
FNORZ=TENS*{ 1+ 4COS{(ADC (IC ,3)))
ENORM=SQRT(ENORXXX24ENORZ%%2)

CM PP =CMP /JENORM
FACU=CMPP*ENORM/RAD %% 2
FNORX=TENS*COS{ADC{IC+141))
ENORZ=TENS*{ 1. +COS(ADC(IC¢#1¢3)))
ENORM=SOKT{ENORX®®24+ENORZ%%2)
CMPP=CMP /JENORM

FACL =CMPP*ENORM /RAD %% 2
FACT=4.%COL/{ 31415GkRAD*%2)
CALL DLGTH(CXeCZeCTHIC+C)

CALL DLGTH(CXP 4CZP4CTPSIC+1,40)
DT 1( 1)=FACT *{CxP=-CX)

DT 1{ Z2)=FACT %(CZP~C2)

DY I{ Z2)=FACTY *x({CTP=CT)

DT 2( 1) =FACL*CXP-FAC U*C X

DT 2( 2)=FACL*CZP~-FACU%XC2Z

DT 2( 2)=FACL*CTP-FACL¥CT

DO 3 1=1, 3
FRIC{1,1)=FRIC(1,I)+DT1(LI)*CA X
FRIC(1,1¢3)=FRIC(1,I+3)+DT2{1)*CAX
FRIC(2, I)=FRIC(2+,1)+DT1(I)%CA2Z
FRIC(2, I423)=FRIC(ZosI+3)+DT2(1)%CA2Z

G F L MM AN

D AT A

SYSTEM

FRICU3, I)=FRIC(3,1)4DT1{1)*RAD+DOT1 ([)%CAXSLPRN2-CT1 (1) *CAZ*ARMX
FRIC(3, [43)=FRICIZ,I¢3)¢DT2(1)*RADH+OT2 (L) ACAXHRARNZ-DT2( 1) *CAZ*ARMX CBL 22380

CONT INUE

RF TURN

END

SUBROUTINE FRHZ(IC)

EFFECT OF THE HORZ PULLEYS CN THE LT,

COMMON /DAT/ASR0O(1E0) ,AEROP (50) 4KODE {20)
COMMON/PLYCHA/RTD o XLGTHUES ) sJADC (S e3) sARNM (5 43) o TRTLFT ,TF

CAOMMOIN /JROUCHF/FRIC(3+6)

DIR.

EQU IVALENCE (AERO(S1) sRHF )4 (AERO(93) ¢RHF) ¢ (AEFC{96) ,C0U),

1l AERO{ 104 ),CMP)
DIMENS JION OT1(3)DT2(3)
IF( ICEQ«2)G0 TO 1
TENS=TF
RAC=RKF /12
GO TU =z
TENS=TR
RAC=RFR/ 1

DYN.

CeL 22010
cBL 22020
cBL 22030
cBL 22040
CBL 22050
CBL 220¢€0
<BL 22070
<L 22080
CBL 22090
CBL 22100
cCBL 22110
CBL 22120
caLz2i13o0
8L 22140
cBL 22150
cBeL 22160
cBL 22170

ceL 22180

cBL 22190
cBL 22200
cBL 22210
cBLz2220
cBaL 22230
CBL 22240
cBL 22250
CBL 22260
ceLz2270
CBL 22280
CcBL 22290
CBL 22300
cBL 22310
cBL 22320
CBL 22330
CBL 22340
coL 22350
cBL 22360
ceL 22370

ceL 22390
caL 22400
CBL 22410
CBL 22420
CBL 22430
CBL 22440
CBL 22450
CcBL 22460
CBL 22470
AL 22480
CBL 22490
CBL 22500
ceL 22510
CBL. 22520
cBL 22530
ceL 22540
cBL 22550

[



FILF

C ~THIS

C

CANL F FORTRAN P
ENORX=TENS®COS{ADC(IC ,41))
FNORY=TENS*{ 1 .4COS(ADC({IC ,2)))
ENORM=SQRT(FNORYXENOR Y+ENORX¢ENUR X}
CMPP =CMP JENNRM

FACL =CMOPXENORM/RAD®% 2

FACT=4 %¥COL/{ 3.1415G%kRAD®%x2)

CALL DLGTHF{CY+CPST,CPHISIC 1)

CALL DLGTH{CYP yCPSIPCPHIP,IC+1,1)
DT I{ 1)=FACT%{CY-CYP )

DY 1L 2 )=FACTR®(CPSI-CPSIP)

OT 1( 2)=FACT®x{CPHI=-CPHIP)

CTZ2{ 1)=FACL*{CY=-CYP)

DY Z2( 2)=FACL%{(CPEI-CPS]IP)

DY Z( 2)=FACL*x{CPHI-CPHIP)

DO 2 1=1,23

G F LU N M AN

FRICC1s I)=FRIC(CI1-II4DTIC(I)*COS(ADC(IC 42))
FRIC(1sI42)=FRIC{1+1I+3)4DT12(1)*COS(ADC{1C,2))

FRIC(2, 1)=FRIC(2,1)4DT1 {1 )*RAD-DT1 (1) #CCS{ACCIICol))%ARM(IC,2)

17124DTLUL 1)*COSCADC(IC +2) J*ARN(IC 1) /12
FRIC(24 I+#21=FRIC(ZoI¢3V4DT2(1)%RAD=-DT2({1)4CCS(ACC{IC,1))*ARM{IC,2)CBL 22750
171 2.4DT2{ 1)*COS(ADC(IC42) )%ARM{IC 41D /12,

FRIC(3, I)=FRIC(3+[I4DTI(I)IRRAD+DTI(I)2CCSLACC(IC+3))*ARM(IC, 2)

1/712.—ARM{ IC43)/12.%¥DTL1(1)2C0OS(ADC(IC,2))
FRIC(3,142)=FRIC{3,I4+3)4DT2(1)%RAD+DT2(1)2CCS(ACC(IC+3))%XARM(IC,2)CBL 22790
17/12¢=~ARM{ IC+3)/712.%DT2(I1)%COSCADC{IC.2))

3 CONT INUE
RETURN
ENC

IS A SINGLE PRECISION VERSION OF THE LKRC ¥NATFRIX

MATRIX RECUCTION AND THE IBM ROGCT FINDING FCULTINME
SUBROUTINE MATRIX(A ¢N«ROOTSeKEALIER)
CNMPLFX RODTS(1)
DIMENSTION A( 747,3)sATILDA (7,47 415) ,ADET {25) ,

GUT747.1%)

DIMENS ION COEF(29):EQ(26) sRR{2G) sRC (29) +FLL(29)
COMMON /DAT/AERO{150) yAEROP (S0) yKODE (20) (L L
DO €C1 I=1.26

S0t ADET(1)=¢

ISWCK=1

Iw=¢€

K=2

KP1 = K + 1

IF(KODE(S)«EQeC) GO TO 26

M 25 1 = 14 N

DO 22 J = 1 N

WR ITE( Iw, 35) 1, J
25 WRITE(IWs SC) (A(IsJeKl)s K1 = 1,4 KF1)
26 CALL SCALER (AsleeNoNoKP1)

301

CALL EQUIL (A 4N ¢NXKP1,EQ,0ODET)

CALL ENVERT(Ne Ay Ko Gy ATILDA, ADET)
DO 2Ct I=1,29

COEF(I)=ADET(I)

DO 27 I=1, 29

IF(ARS(COEF(1))el TeleE~-CB) COEF {I)=0.
IF(KODE{ €)«EQ.C) GO TO 30F%

O AT A

SYSTEM

CBL 22560
cBL 22570
ceL 22580
CBL 22590
CeL 22600
CBL 22610
ceL 22620
cBL 22630
CBL 22640
CAL 22650
AL 22660
cBL 22670
CBL 22€80
cBL 22690
<BL 22700
ca 22710
ca 22720
ceL 22730
cBL 22740

cBaL 22760
ceL 22770
cBL 22780

cBL 22800
CBL 22810
CBL 22820
CBL 22830
CBt. 22840
c|eL 22850
CBL 22860
ceL 22870
CBL 22880
cBeL 22890
CBL 22900
cBL 22910
cen. 22920
<BL 22930
cBL 22940
CBL 229€0
CBL 229€0
CBL 22970
cBL 22980
CBL 22990
8L 23000
cBL 23010
CBL 23020
cBL 23030
CBL 23040
cBL 23050
Bl 23060
C 23070
ceL 23080
CceL 23090
CBL 23100



FILE

Sy

~

400
305

300

39
S0

SuUM

0O e NeNoNasNe NNl N Nealye!

O -

[aNeNalse!

CABLE FORTRAN P1

WR ITE( Iw,acCl)

FORMAT( 2Xy *COEFFICIENTS OF CHARACTERI STIC FCLYMOMIAL

| DRCERED FROM LOW YO HIGH*)
WR ITE{ IWe ACCI(COEF (1)1 =1+29)
FIRMAT(6(2X4E1Ce2))
CONT INUE
CALL PRBMI{COFF 4 2G5+sRR yRC sPCL+IRTSIER:S0)
DO 3CO0 I=141IRTY
ROOTS{ 1)=CMPLX(RR{I)4RC(I))
KaA=IRT
RE TURN
FORMATY( Z2EX, 3HA [, 12y IH,y 12, LH))
FORMAT (EE1G.E)
END

SUBRUOUTINE POLADDINI+V1 ¢N2,V2eN3,V3)
OF TwWO POLYNOMIAL S

Nl1= CECREE OF P31 (FIRST POLYNCNMIAL)
N2= CECREE OF PZ
N3= CECGRE OF OUTPUT POLYNOMIAL

Vi= BASE ADORE €S OF COEFFICIENTS CF Fl1
v2= BASE ADDRESS OF COEFFICIENTS OF P2
V3= BEASE ACDRESS OF OUTPUT VECTOR.

THIS ROUTINE WILL HANDLE A PCLYNGMIAL CF CEGFREE S50
DIMENS ION V1(ES1)sV2(51).v3(51)
DPERFORM ADC —--ADD COEFFICIENTS OF LIKE FCVEFRS
ICZE=NZ+1

ICI=N141

IC2=NZ2+=Z

ICa=N1+Z

IF (N2-N1) 1,8,2

DO 4 I=1C2,1IC1

V3itIri=vi(l)

N3= N1

DN € I=1,41C2

V3lI)= vittisve(r)

RE TURN

N3 = NZ

DN 6 I=1.s1C1

Vv3i1i=vi{Iysvel(l)

CONT INUE

DO 7 J=1C4,1IC3

Vi(si=vel(d)

CONT INUE

RETURN

END

SURROUT INE PILSUB (N1 +V1IeN2sV2eN3 4 V3)

SUBTRACT Pz FROM P11 AND STORE IN FP3

SEE NOTES ON ADD
DIMENSION VI{€1),V2(S1)+Vv3(51)

G fF LU MK AN

O AT A

S YST EMS

cBL 23110
ceL 23120
CcBL 23130
ceL 23140
CBL 23150
CBL 23160
CBL 23170
CcBL 23180
CBL 23190
€BL 23200
CceL 23210
CBL 23220
CBL 23230
CBL 23240
CBL 23250
CBL 23260
cBL 23270
ceL 23280
cBL 23290
cBL 23300
ceL23310
CBL 23320
CBL 23330
CBL 23340
CBL 23350
CBL 23360
CBL 23370
CBL 23380
CBL 23390
CBL 23400
CBL 23410
CBL 23420
CBL 23430
CBL 23440
CBL 23450
CBL 23460
cBaL 23470
CBL 23480
CBL 23490
CBL 23500
CBL 23510
CBL 23520
CBL 23530
CBL 23540
CBL 23550
CBL 23560
CBL 23570
CBL 23580
CBL 23590
CBL 23600
CBL 23€10
CBL 23620
CBL 23630
CeL 23640
CBL 23650



FILE CABLE
IC1I=N1+41
ICZ2=Ng+1]
IC3=N242
IC4=N1+Z
IF (NZ-N1)
1 DO 4 I=
4 vi(r) = vIi{I
8 N3=N1

DD € (=1, 1ICZ

FOR TR AN

1. 8,2
IC3,IC1

)

Pl

S V3(I)=VI(I)=-VE(T)

RETURN
2 N3=NZ

DO € I=1,1IC1

vi{I)=vi(i)-ve(l)

6 CONT INUE

DD 7 J=1C4a,1C2

V3{Ji=-velJ)
7 CONT INUE

RETURN

END

G F U M M AN

SUBRDUT INE POLMPY([N1,START]1 yN2 ,START2,MN3I 4STAFT3)

O AT A

o CONST ANT

C MULT IPLY TWO POLYNOMIAL S

C N1 = DECREE OF P1 (THE FIRST POLYNCNIAL)

Cc NZ = CEGRFE 0OF P2

C N2 = THE LOCATION (INT.) WHERE THE OEGFEE (F THE CUTPUT
c POLYNOMIAL WwILL BE <STORED.

Cc START1 = T+E FIRST LOCATION CF THE CCEFFICIEMNTS CF P1
cC TERM IS FIRST

C STARTZ = TFE FIRSY LOCATION CF THE CCEFFICIEMNTS QOF P2
C

C STYTARTZ = THE BACSE LOCATION CF THE QUTFLT FCOLYMNONIAL

C

C THE RUOUTINE wILL HANDLE PCLYNCVMIALS CF S0TH CEGKEE

DIMENSION STARTI(ES5)sSTART2(S5S)+STARTI(S55) «WCFRK(51)

START MULTIPLY

OO0

N4=N1+Nz+1
DO 1 I=1,NA
WORK(I} = Ce
1 CONT INUE
C
C CARRY
C
IC1 N1+1
1C2 NZ+1
0O 2 I=1,1C1
DO 2 JU=1,1Cc
WIRK (144—-1)
2 CONT INUE
3 CONT INLE
DO 4 I=1sN4
N START3(1) =
N3=N4- 1

—-——

0

ZERO OUTPLT VECTCR

THERNOUCKE MUL TIPLICATION PROCESS

=(STARTI(I)* STARP T2(J) )+ MCFK(I+y-1)

WORK (1)

S YST EMS

CBL 23660
B 23670
ceL 23680
CceL 23690
<BL 23700
ceL23710
ceL 23720
CBL 23730
cBL 23740
ceL 23750
CcBL 23760
cBL 23770
ceL 23780
cBL 23790
cBL 23800
ceL23810
cBL 23820
CBL 23830
cBL 23840
cBL 23850
CBL 23860
CBL 23870
cBL 23880
CBL 23890
ceL 23900
cBL 23910
cBL 23920
CBL 23930
CBL 23940
CBL 23980
cBL 23960
caL 23970
CBL 23980
cBL 23990
CRAL 24000
CBL 24010
CBL 24020
CBL 24030
CBL 24040
CBL 24050
CBL 24060
CBL 24070
CBL 24080
CBL 24090
<BL 24100
CBL 24110
cBL 24120
CB8L 24130
ceL 24140
CBL 24150
cBL 24160
cBL 24170
cBL 24180
CBL 24190
CBL 24200



FILE

S0

30

40

20

60
10

S0

20

10

30

S0

51

20
22
10

CABLE FORTRAN P11

RETURN

ENC

SUBROUTINE MATMPY(A, N, 1ADEG, B, ¥, IECEC, C,

G F U WM NM AN

NB,

NE,

D AT A

NC)

DIMENSION A[ 79 7¢NAD) B U747 oNB) yC {747 ¢NC) 9gVA(29) 4VE(29),VC(23)

e VD( 26
IADEC1 = IADEG + 1
IBCEC1 = IBDEG + 1
ICDEGC)1 = JADEG + IBDEG + 1
D 1C I = 1+ N
DO 1C J = 14 M
D0 &€C kK = 1, ICDEG1
VDIK) = Q0eC
DO Z2C JJ = 1s N
DD 2C K = 1, TADEGI
VA(K) = A{14JJeK)
DO 4C K = 1, IBDEGI
VB(K) = B(JJsJeK)
CALL POLMPY(IADEG, VA, IBDEG, VB, ICDEG, VQ)
CALL POLADCUICDEGe VCe ICDEGs VDs ICDEG . \C)
0D &€C K = 1, ICDEGI1
Cl IsJeK) = VD(K)
CONT INUE
RETURN
ENC
SUPROUTINE TRACE(N, Al, I1ADEG, RL, F)
DIMENSION AI(7:7415)sP(27)VA(27) +VB(27)
1ADEGY1 = JADEG + 1
DO £EC K = 1, IADEG1
VB(K) = C.C
DN 1C I = 1+ N
NO 2C Kk = 14 IADEGI
VA(K) = AI{(I,1,4K)
CALL POLADD| IADEG, VA, IADEG, VB, IADEG. VE)
PO 2C K = 1, I1ADEGI
P{K) = VB(K) / RL
RETURN
ENC
SURROUT INE COMPRI(N, IADEG, Al, P, BI)

DIMENSIUN AI{ 7¢7+15)sBI(77:15)eP(27) «VAI27) VEI(27)

1ANDEC1 = IADEG + 1

Do 1C 1 = 14 N

DD 1C J = 1, N

IF (I «NEs J) GO 1O 20
DO 50 K = 1, [ADEG1
VA(K) = AI(T1sJeK)
CALL POL SUB{IADEG, VA, IADEG, F, IADEG, VE)
DO 1 K = 1, IADEGI
BI(IsJeK) = VRA(K)

GO YO 1C

PO &z K = 1s IADEGI
BI(IsJeK?) = AI(I9JeK)
CONT INUE

S YS T EMS

cBL 24210
CcBL 24220
cBL 24230
caeL 24240
cBL 24250
CBL 24260
ce 24270
CBL 24280
CBL 24290
CBL 24300
CcBL 24310
cBL 24320
cBL 24330
CBL 24340
ceL 24350
CB. 24360
CcBL 24370
cBL 24380
CBL 24390
CA_ 24400
CBL 24410
cBL 24420
CBL 24430
CBL 24440
CBL. 24450
CBL 24460
CBL 24470
CBlL 24480
CBL 24450
CBL 24500
cBL 24510
ceL 24520
CBL 24530
CBL 24540
CcBL 24550
cBL 24560
cBL 24570
CBL 24580
CBL 24590
CBL 24600
CBL 24€10
CBL 24620
CBL 24630
CBL 24640
CBL 24650
CBL 24660
CBL 24670
CBL 24680
CBL 24690
CBL 24700
CcBL 24710
CBL 24720
CBL 24730
CBL 24740
CBL 24750



FILE

NN ON

S0

20

10
30

[*

CcABLE FORTRAN P11

RETURN
END

SUBROUTINE ENVERT(Ns A, TADEGs Al, Bl, F)

DIMENSION A( 79 7¢3)0Al (77 e15) 4BI (77 s15) F(27)

IACEC]1 = [ACEG + 1
ND €¢I = 1, N

DO SC J = 1+ N

DO EC K = 1s TADEG]
AI(I4J4K) = A{I4J4K)
IBDEC = C

DO 1C L = 1. N

IF (L «EGe 1) GO TO 20

CALL MATMPY (A NLTADEG.BI1 ¢NyIBDEG ¢Al ¢3 47 ,47)
IBDEG = IBDEG + JADEG

RL = L

CALL TRACE(N, AL, IBDEG, RL, FP)

[F (L «EQe N)Y GO TO 30

CAtLLL COMPRI(N, IBDEG, Al, P, BI1)

CONT INUE

RETURN

END

SUEBROUTINE SCALER (CysSCALE eMyNJNC)
DIMENS ION C( 7¢ 75NC)

IF(NCSLE «1) RETURN

DO 1 I=1eM

DO 1 J=1gN

DD 1 K=2,NC

Cl e deyK)I)=C(19J¢K)XSCALE*® (K=1)
RETURN

END

SURBROUTINE EQUIL {C eM N ¢NC +E G +DDE T)
DIMENS ION C( 79 7sNC) JEQ (M)
DNET=16C

DY 1 I=1,M

AMAX =C +CDC

DY 2 J=1sN

DD & K =1,NC
CC=ABS{C(1,J,K))

IF (CC «GT dAMAX) AMAX=CC
CONT INUE

EQ{ I1)=10+./AMA X

DO 2 JU=14N

DO 2 K=1sNC

Cl IeJeK)=C{I4JK)*XEQ(I)
DDET=DCET*EQ( 1)
DDFT=DDE T (=~ 1 )%k (M-])

RE TURN

ENC

G F LU N ¥ A N D AT A

SYSTEMS

CBL 24760
cBL 24770
cBL 24780
CBL 24790
CBL 24800
8L 24810
cBL 24820
cBL 24830
CBL 24840
CBL 24850
CcBL 24860
CBL 24870
cBL 24880
CcBL 24890
CcBL 24900
CBL 24910
CBL 24920
CBL 243930
CBiL 24940
cBL 24950
CBL 24960
ceL 24970
CcBlL 24980
CBL 24990
CBL 25000
CcBL 25010
cBL 25020
CBL 25030
CBL 25040
CBL 25050
CBL 25060
CBL 25070
CBL25080
CBL 250S0
cBL 25100
cBL 25110
cBL 25120
cBeL 25130
cBL 25140
¢BL 25150
ceL 25160
8L 25170
cBL. 25180
CBL 25190
cBL 25200
L 25210
CcBL 25220
cBL 25230
cBL 25240
ceL 25250
CBL 25260
cBL 25270

® o o000 ....l.................‘................'........‘.....'...‘.c&25280

SURROLT INF PRAMI1

cBL 25290
CcBL 25300



FILE CABLE FORTRAN P1 G F LU VM KM AN D AT A YSTEM
C cBL 25310
C PURPN SE cBL 25320
C TO CALCULATE ALL REAL AND COMFLEX FCCTS CF A GIVEN cBeL 25330
c POLYNOMTIAL WITH REAL COEFFICIENTS, cBL 25340
C CBL 25350
C UESAGE CBL 25360
C CALL PRBM1 (CoICesRRRC sPCLIWIRSIER LIN) CBL 25370
C cBL 25380
C CESCRIPTION OF PARAMETERS CBL 25390
C C = INPUT VECTOR CONTAINING THE CCEFFICIENTS OF THE ceL 25400
c GIVEN POLYNOMIAL. COEFFICIENTS AFE CRCERED FROM CBL 25410
C LOW TO HIGHe OM RETURN CCEFFICIEATS ARE DIVIDED cBL 25420
C BY THE LAST NONZERO TERWN, CBL 25430
C IC - DIMENSION OF VECTORS C, FFky KC, AM FCL. CBL 25440
C RR - RESULTANT VECTOR OF REAL FAFTS CF THE KOOTSe. CBL 25450
C RC = RESULTANT VECTOR OF COMFLE> FARTS OF THE ROOTSe. CBL 25460
C POL - RESULTANT VECTOR OF CCEFFICIENTS CF THE POLYNOMIAL CBL 25470
C WITH CALCULATED ROOTSes CCEFFICIENTS ARE ORCERED CBL 25480
C FROM LOW TO HIGH (SEE RENAFK 4), CBL 25490
C IR = OLTPLT VALUE SPECIFYING THE MUNEEFR CF CALCULATED CBL 25500
C ROOTSe NORMALLY IR IS EGULAL TC IC-1a cBL 25510
C [ER - RESULTANT ERROR PARANETEF CCCELC AS FCLLOWS CBL 25820
Cc IER=0 - NGO ERROR. CBL 25530
C IER=1 - SUWBROLTINE PGFE FECCRLCS PCOR CONVERGENCE CBL 25540
c AT SCME QUADRATIC FACTCRIZATION WITHIN cBaL 25550
C SC {1 TERATICN STEFS, CBL 25560
C IER=2 <= PCLYMNCMIAL IS CEGENEFATE, I«.Fe ZERO OR cBL 25570
C CONSTANT, CBL 25580
C~— OR CVERFLCW INMN MCRMALIZATICN CF GIVEN CBL 25590
C PCLYMNCNMI AL, CBL 25600
C IER=3 <~ THE SUBROUTINE IS EYFASSEC DUE TO CBL 25610
C SVCCESSIVE Z2ERC CIVISCFS CR COVERFLOWS CBL 25620
C IN QUADRATIC FACTCFIZATICN CF DUE TO ceL 25630
C COMPLETELY UNSATISFACTIRY ACCURACY, CBL 25640
Cc IER==1 - CALCULATED CCEFFICIENT VECTOR HAS LESS CcBL 25650
C THAN THREE CORFECT SIGMIFICANT OIGITS. CAL 25660
C THI € REVEALS FCCF ACCURACY CF CALCULATED CBL256€70
C ROOTES,. CBL 25680
C LIM = NUMBER OF T7TERATICN STEFS, NCMIMAL S50. CBL25€90
C RFMARK S cBL 25700
C {1) REAL PARTS OF THE RCCTS ARE STCFEC IM RKR(1) UP TO RRIIR)ICBAL 25710
C AND CORRE SPONDING CUMPLE X PARTS IN FC(1) UP TO RC(IR). CBL25720
C {Z) ERROR MESSAGE I1ER=1 INDICATES FCCF CCMAVERGENCE WITHIN CBL 25730
C €0 ITERATION STEPS AT SOME CGUADFGTIC FACTCRIZATION CBL 25740
C PERFORMED BY SUBROULTINE FCFBa CBL 25750
C {3) NO ACTION BESIDES ERROR MESSAGE IEF=2 IN CASE OF A ZERO CBL 25760
C OR CONSTANT POLYNOMIAL. THE SANME EFFCF MESSAGE IS GIVEN CBL2S5770
C IN CASE OF AN OVERFLOW I N NCRMALIZATICN CF GIVEN cBL 25780
C POL YNOMIAL. CBL 25790
C {4) ERROR MESSAGE IER=3 INDICATES SULCCESSIVE ZERC DIVISORS CBHL 25800
C UOR OVERFLOWS OR COMPLETELY UNSATISFACTCRY ACCURACY AT <AL 25810
C ANY QUADRATIC FACTORIZATIGN FEFRFCFMEC EY cBL 25820
C SUBROUTINE PQFB. IN THIS CASE CALCULATICN IS BYPASSED. CBL 25830
C IR RECORDS THE NUMBER OF CALCULLATEC FRCCTS. CBL 25840
c POL( 11seeeyPOLIJ-IR) ARE THE CCEFFICIENTS COF THE cBL 25850



FILE

0o

sl Nelal el o NaNo NNl N Ne NN a N NeNe N e NaNaNaNaNa NN NaRa N e

(

(

CABLE FORTRAN P11 G F U M N AN O AT A S Y ST EM

REMA INING POLYNOMIAL, WHERE J IS THE 4ACTUAL NUMBER OF CBL 25860

COEFFICIENTS IN VECTCR C ([(NCFRbMALLY J=1C). CBL 25870
{S) IF CALCUATED COEFFICIENT VECTCR HAS LESS THAN THREE cBL 25€e80
CORRECTY SIGNIFICANT DIGITE THCLLGH ALL CUACFATIC CcBL 25890
FACTORIZATIONS SHOWED SATISFACTCFRY ACCURACY, THE ERROR CHBL 25900
MESSAGE IER=-1 IS GIVEN. CcBL 25910
(6) THE FINAL COMPARI SON BETWEEN GIVEM ANC CALCULATED ceL 25920

COEFFICIENT VECTOR IS PERFORWNEC CALY IF ALL ROCOTS HAVE CBL 25930
BEEN CALCULLATED. IN THIS CASE THE MNUMEER CF ROOTS IR IS CBL 25940
EQUAL TO THE AC TLAL DEGREE CF THE FCLYNCMIAL (NCRMALLY CBL 25950
IR=IC~-1)e THE MAXINMAL RELATIVE EFRCF CF THE COEFFICIENT CBL 25960

VECTOR IS RECORDED IN RR(IR+1). cBL 25970

cBL 25980

SUBROUTINES AND FUNCTION SUBPROGRAMS FECGUIREC cBL 25990
SUBROUTINE PQFB QUADRATIC FACTCFIZATICN CF A PCLYNOMIAL CBL 26000

BY BAIRSTCw I TERATICM. cBL 26010

CBL 26020

METHFOD CBL 26030
THE ROOTSE OF THE POLYNONIAL ARE CALCLLATEC BY MEANS QF CBL 26040
SUCCESSIVE QUADRATIC FACTURI ZATICN FERFCRNEDO BY BAIRSTOW CBL 26050
ITERATION,. X*%2 1S LSED AS INITIAL GUESS FCR TrHE FIRST CBL 26060
AUADRATIC FACTOR, AND FLRTHER EACH CALCULLATED GUADRATIC CBL 26070
FACTOR IS USED AS INITIAL GUESS FCF THE NEXT CNE. AFTER cBL 26080
COMPLTATION OF ALL ROOTS THE CCEFFICIEMNT VECYCR IS CBL. 26090
CALCULLATED AND COMPARED WwITH THE GIVEN CNE. CBL 26100

FOR RFFERENCE, SEE Je¢e He WILKINSCAh, THE EVALUATION CF THE cBL26110

ZEROS OF ILL-CONDITVIONED POLYNOMIALS (FART ONE AND TWO), ce 26120

NUMER ISCHE MATHEMATIK, VCLel1l (195S), FF.150~-180. cBL26130

CBL 26140
-oooco...oco.ocoo.oo.ocoooooo...oo.oo.o.o..oooc‘o..cooo.o.ooooooooC&EﬁlSO
CcBL 26160

SUBROUTINE PRBMI(CsICsRR+RC+PCLSIRJIERLIM) cBL 26170
cBL 26180

cBL 26180

DIMENSION C(1)4RR{1})eRC{1)+PCLAL1) +Q(4) CBL 26200
TEST=1.E+7C cBL 26210
CBL 26220

TESY UN LFADING ZERO COEFFICIENTS cBL 26230
ES=1.E-2 Bl 26240
L IM=KK*L IM WHERE KK=1 OR 2 AND LINM=50, CBL 26250
IR=IC+1 CBL 26260
IR=IR~-1 CBL 26270
IFCIR=-1)424420 2 CBL 26280
IF(CIIRDIZ 1,2 cBL 26290
CBL 26300

WORK UP ZERO ROUTS AND NUORNMALIZE REWNAIMNING FCLYNCNMNIAL CBL263210
IER=0 cBL 26320
J=1IR 8L 26330
L=0 CBL 26340
A=C( IR ) CBL 26350
D) 8 1=1.1R CBL 26360
IF(L )4, 4,7 cBL 26370
IF(C(I))E,E,E ¢BL 26380
RR(I)=0. CBL 26390

RC(I)=Ca CBL 26400



FILE

T 6

-

8
c
C

9
C
c

10

11

12

~13
C
C
C

14

15

L6

17

18

19

20

21

22
C
C

CABLE FORTRAN P1
POL(J)=0.

J=u-1

G) TO ¢

L=1

I1sT=1

=0

J=J+41

Cl I)=C(I)/A
POL({JII=C(1)
IF(POL(J)GT.TEST) GO TO 42
CONT INUE

START BAIRSTOW I TERATION
N1=C.
N2=0.
IF(J=-2)232,1C, 14

G F L & M AN

DEGREE DOF RESTPOLYNOMIAL IS EQUAL TC ChE

A=POL( 1)

PR IST )==A

RC{ IST )=C.,
IR=IR~1

N2=0.
IFCIR-1)13.13,11
D 1z I=2, IR
01=Qz
Q2=POL{1+1)
PIL( I)=A%Qz+Q 1
POL({ TIR#+1)=A+QZ
GO TO 234

THIS 1S BRANCH TO COMPARI SCN OF COEFFICIEMNT VECTCRS C AND POL

CEFGREF OF RESTPOLYNOMIAL [ S GREATER T+£80 CHRE

DD 22 L=1,1C

N=1

al 13=Q1

Qf 2)=Qz¢z

CALL POFB I(PNL eJesQelLIM,1)
IF(I)1€s 24,23
IF{Q1)1E,417,1E
IF(Qz) 18,211,418

GO TO (1Se2Cs 1Se21) N
Q1=-Q1

N=N+1

GO TN 1<

Q2=-Q2

N=N+1

G) TO 1%

Ql=1.+401

Q2=1.-07

C AT A

ERLOR EXIT DUE TU UNSATISFACTORY RESLLYS CF FACTCRIZATYICGN

IFR=3
IR=IR-J
RE TURN

SYSTEM

CBL 26410
CBL 26420
CBL 26430
CBL 26440
CAL 26450
CBL 26460
CBL 26470
CBL 26480
CBL 26450
CBL 26500
CBL 26510
CBL 26520
CBL 26530
CBL 26540
CBL 26550
CBL 26560
CBL 26570
CBL 26580
CBL 26590
CBL 26600
CBL 26610
CBL 26620
CAL 26630
CBL 26640
CBL 26€50
CBL 26660
CBL 26670
CBL 26680
CBL 26690
CBL 26700
CBL 26710
CBL 26720
CBL 26730
CBL 26740
CBL 26750
CBL 26760
CBL 26770
ceL26780
CBL 26790
CBL 26800
CBL 26810
CBL 26820
CBL 26830
CBL 26840
CBL 26850
CBL 26860
CBL 26870
CBL 26880
CBL 26890
CBL 26900
CBL 26910
CBL 26920
CBL 26930
CBL 26940
CBL 26950



FILE
C
C
23
24
C
C
2%
26
C
C
27
28
29
C
C
30
31
32
C
C
33
34

CABLE

FORTRAN

P1

G F U M BM AN 0O AT A

WORK UP RESLLTS OF QUADRATIC FACTCKI ZATICA

[ER =]
Q1=qQ(1)
Q2=0(2)

PERFORM DIVISION OF FACTORIZED PCLYNCMIAL EY CUACKRATIC FACTOR

R=0e
A=0.,
I=4

H==-Q 1*B-Qc*A+POL (1)

POL( 1)=B
A=A

A=t
I=1-1

IF(1-232€,2¢€,2€¢

POL( 2} =8B
PDOL{ 1)=A

MULTIPLY POLYNDMIAL WITH CALCULATED FCCTYS EY CUALRATIC FACTOR

L=1IR-1

IF(J-L)27e 274 2€

DO 2& I=J.L

POL{I=-1)=POL{I-1)+POL (I)*Q2+PCL(I+1)%C]
POL(L)=POL{L)+POL(L+1)%02+Q1l

POL{ IR )=POL (IR

)+Q 2

CAL CULATE ROOT-PAIR FROM QUADRATIC FACT(FR X¥X#32#%X+Q1

H==+%Q 2
A=F%x+-Q1l
B=SQRT{ABS(A))
IF{A )30, 30, 21
RR( IST )=+

RC{ IST)=8
IST=15T+1

RR{ IST )=k

RC{ 157 )=-8

GO TO 32z
B=F4+SIGN(B.H)
RR({ IST)=Q1/¥
RCUIST)=Ca
IST=1ST4+1

RR{ IST )=8
RC{IST)I=C.
IST=IST+1
J=4=-2

GO TG ¢

SHIFY BACK

IR =R~ 1
A=0Oo.

D) 3E I=1,1R
nN1=Cc(1I)

Q2=POL(1+1)
POL{ I)=Qc2

FLEMENTS OF PAL BY 1

AND CCAMFAFE VECTCRS POL AND C

SYSTEM

CBL 26960
cBeL 26570
ceL 26980
8L 26990
cBL 27000
cBL 27010
B 27020
CBL 27030
CBL 27040
CBL 27050
cBL 27060
cBL 27070
CBL 27080
cBL 27090
CBL 27100
cBL 27110
CBL 27120
CBL 27130
<BL 27140
CBL 27150
cBL27160
CBL 27170
ce 27180
cBL 27190
ceL 27200
ceL 27210
cBeL 27220
cBL 27230
cBL 27240
CAL 27250
CBL27260
CR 27270
cBL27280
cBL 27290
ceL 27300
cBL27310
cBL 27320
CBL 27330
ceL 27340
CBL 27350
CBL 27360
cBL 27370
CBL 27380
cBL 27390
CBL 27400
cBL 27410
cBL 27420
CBL 27430
CBLL27440
cBL 27450
CBL 27460
caL 27470
CBL 27480
CBL 27490
CBL 27500



FILE

35
_ 36

37
38
39

C

C
40
41

C

C

C
42

C

C

C

C

C‘\—

C

C

C
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CABLE FORTRAN P11 G F LU NMNMAN D AT A SYSTEM

IF(01)3%,2¢€, 2¢€ CBL 27510
2:=(01-02)/01 CBL 27520
a2=ABS(QZ2) cCBL 27530
IF{QZ=A)2E, 26,427 CcBL 27540
A=QZ CBL 27550
CONT INUE CBL 27560
= [R+1 CBL 27570
POL(I)=1. CBL 27580
RR(I)=A CBL 27§90
RC(I)=Ca CBL 27600
IF{ 1IER V3G, 36,41 CBL 27610
IF(A-EPS)41s41,4C CBL 27620
CBL 27630

WARNING DUE 7O POOR ACCURACY OF CALCULLATEC CCEFFICIENT VECTOR CBL 27640
IER=-1 _ CBL 27650
RETURN - CBL 27660
CBL 27670

ERROR EXIT DUE TO DEGENERATE POLYNCNIAL CF CVERFLCW IN CBL 27680
NORMAL [ZATION CBL 27690
IFR=Z CBL 27700
IR=0 CBL 27710
RE TURN CBL 27720
EN D CBL 27730
CBL 27740

CBL 27750
..........-0.0.’.........O.....O...............‘.....‘...C.........Ca—27760
CBL 27770

SURROLT INE PQFR1 CBL 27780
CBL 27790

PURPO SE CBL 27800

TO FIND AN APPROXIMATION Q(X)=Q1+#C2#x+4x¥x TC A CUADRATIC CcBL 27810
FACTOR OF A GIVEN POLYNOMIAL P(X) WwITH FEAL COEFFICIENTS. CBL 27820

ceL 27830

USACE CBL 27840
CALL PQFB1{CsIC+Q LIMIIER) CBL 27850

CBL 27860

CESCRIPTINN OF PARAME TERS ceL 27870

C - INPUT VECTUR CONTAINING THE CCEFFICIENTS OF P(X) - CBL 27880

C(1) IS THE CONSTANT TERNM (TIMEMNSICM IC) CBL 27890

[C - DIMENSION OF C CBL 27900

- VECTOR OF DIMENSIGCN & = CN INFUT C(1) ANC Q(2) MUST cBL 27910
CONTAIN INITIAL GULESSES FOR Gl ANC G2 - CN RETURN Q{1)CBL 27920
AND Q(2) CONTAIN THE REFINEC CCEFFICIENTS Q1 AND Q2 OFCBL 27930
Q(X)y WHILE Q(3) AND G(4) CCATAIN THE COEFFICIENTS A (CBL 27940
AND B OF A+B%x X, WwHICH IS THE FENAINCER OF THE QUOTIENTCBL 27950

OF P(x) 8Y Q(Xx) CBL 27960
LIM - INPUT VALUE SPECIFYING THE MAXIMUN NUNBER OF ceL 27970
ITERATIONS TO BE PERFORNED cBL 27980
IFR - RESW TING ERRUOR PARAMETER (SEE FEMNARKS) CBL 27990
IEkR= C = NJ ERROR cBL 28000
ISR= 1 = NO CONVERGENCE WITHIM LIM ITERATIONS cBL 28010
IER=-=1 - THE POLYNCMIAL P(Xx) IS CCMPSTANT OR UNDEFINED CBL 28020

- OR OVERFLOW CCCUFFREL IN NCRNALIZING P({X) CBL 28030
IER=—2 THE PCLYMNCMIAL P(X) 1S CF CEGREE 1 cBL 28040
IER==2 = NO FULRTHFR REFINENENY (F THE APPROXIMATION TOCHBL 28050



FILE CABLE FORTRAN P11 G F L M MAN D AT A SYSTEM
C A QUADRATIC FACTCR IS FEASIELE, CUE TO EITHERCEL 28060
C DIVI SION BY O, OVERFLCW CF AN INITIAL GUESS CBL 28070
C — THAT 1S NCT SUFFICIEMTLY CLCSE TC A FACTOR OFCBL 28080
C P{x) ceL 28090
C ceL 28100
C REMARK € cBL 28110
C c1n) IF IER=-1 THERE 1S NO CCMPUTATICM (THER THAN THE cBL 28120
C POSSIBLE NORMALIZATYION CF Co. ceL 28130
C (2) IF IER=-2 THERE 1S NO CCVMPLTATICM CTHER THAN THE CcBL 28140
C NORMAL L ZATION OF Co. ceL 28150
Cc {3) IF IER =-=3 1T IS SUGGESTED THAT A KREw INITIAL GUESS BECBL 28160
C MADE FOR A QUADRATIC FACTOR. Cs HCWEVES, WILL CCNTAIN CBL28170
C YHE VALUES ASSOCIATED WITH THE ITERATION THAT YIELDED (CBLZ8180
C THE SMALLEST NORM CF THE NMCCIFIEC LINEAR FEMAINDER. cBL 28190
C (&) IF IER=1, THENs ALTHOQUGH THE MNUNEEF CF ITERATICNS LIM CHB 28200
C WAS TOO SMALL 710 INDICATE CCMVEFGENCE, NC CTHER FROB- CBL28210
C LEMS HAVE BEEN DETECTED, AND C WILL CCNTAIN THE VALUES CBL 28220
C ASSOCIATED WITH THE I TERATICMN THAT YIELCEC THE SMALLESTCBL28230
o NORM OF THE MODIFIED LINEAR REMAINCER. CBL 28240
C (€) FOR COMPLE TE DETAIL SEE THE CCCUMENTATICN FOR CBL 28250
C SUBRODUTINE S PQFB AND DPQFB. CBL 28260
C ceL 28270
C SURROUTINES AND FUNCTICN SUBPROGRAMS FECLIFRECL cBL 28280
Cc NONE CBL 28290
C cBL 28300
C METHOD cBL 28310
C COMPLTATION IS BASED ON BAIRSTOwW € 1TERATIVE MNETHOD. (SEE (CBL 28320
C. WILKINSON. JSeHes THE EVALUATICN GF THE 2ER0S OF ILL—-CON- cBL 28330
c CIVIONED POLYNOMIALS (PART ONE ANC TW8C) ¢ NUNMERISCHE MATHE- CBL 28340
C MATIKs VOLel (195G), PP, 150~180s CF HILCEBRANCs FoBay CcBL 28350
C INTRODUC TION TO NUMERICAL ANALYSISe MC GFAW—HILL. NEW YORK/ CBL 28360
C TORONTD ZLONDON, 1656, PF, 472-476.) cBL 28370
C CBL 28380
C Q........O...............0......'........'...C...................CCBL28390
C CBL 28400
SUPROUTINE PQFB1{C,IC+QLIMLIER) cBL 28410

C cBL 28420
C CBL 28430
DIMENSION C(4a),Q(4) cBAL 28440

C CcBL 28450
C TEST ON LFADING ZERO COEFFICIENTS CBL 28460
1ER=0 ceL 28470
TEST=1.E647C cBL 28480
J=1C+1 CBL 28490

1 J=J-1 €BL 28500
1IF(J-1)480,4Cy 2 €BL 28510

2 IF(C(JI)IZr 1,3 CBL 28520

C CBL28E30
C NORMAL 1IZATION OF REMAINING CCEFFICIENTS cBL 28540
3 A=C( ) CcBL 28550
IF{A-1.)4+ €44 cBeL 28560

4 DO € I=1,J cBL 28570

CC I)=C(I/A cBL 28580

— IF(CIT1)eGTLTESTY) GO TO 40 CBL 28590
S CONTINUE CcBL 28600



FILE
C
C

— 6
C
C

7

8

Q

10

11
C
C
C

12
C
C

13

15

16

CABLE FORTRAN P1

TEST ON NECESSITY OF SBAIRSICW [ TERATICH

IF{(J~3)a1,38,7

PREPARE BAIRSTOW I TERA TION

EPS = 14E-4
EPS1= 1.E-zZ
L=0

LL =0
N1=a(1)
Q2=0(2)

QQ 1=Ce.

QN 2=Ce.
AA=C( 1)
BRR=C( 2}
CRA=ABS(AA)}
CA=ABRS(BB)
IF(CB-CA)EBsS, 1C
CC=Cr+(CA
cB8=CB/CA
CA=1e.

G) TO 11
CC=CA+CA
CA=1.

CB=1.

Gy Tn 11
CC=CA+CA
CA=CA/CH
Cl=1.
CD=CC*x .1

START BAIRSTOW ITERATION
PRFPARE NESTED MUL TIPLICA TION

@ > D>
-

" » O
> >

1=
QQQl1=01
NNQeé=Q ¢
DQ 1=+hH
DAC=F

STARTY NESTED MLLTIPLICATICN

H==-Q1%3-Q2%xAa+C (1)
[F(F«GTLTEST) GO V03 42
H=A

A=

I=1-1

IF(I-1)1€s 15, 1€

H=C o

H=~Q 1% 1=Q c%A ] +H
IF(FGTTEST) GO TO 42
cl1=801

Rl1=A1l

it T

G FUNMWDMAN D AT A

SYSTEM

ceL 28610
C8L 28620
CcBL 28630
CBL 28640
CcBL 28650
CBL 28660
cBL 28670
ceL 28680
CBL 28690
CBL 28700
cBL 28710
cBL 28720
cBL 28730
ceL 28740
ceL 28750
cBL28760
cBeL 28770
cBL 28780
CcBL 28790
CcBL 28800
ce.L 28810
cBL 28820
CBL 28830
CcBL 28840
CcBL 28850
CcB8L 28860
ceL 28870
CBL 28880
cBL 28890
CBL 28900
cBL 28910
cBL 28920
ceL 28930
cBL 28940
€BL 28950
CcBL 28960
cBL 28970
cBL 28980
CBL 28990
CBL 29000
cBL 29010
cBL 29020
ceL 29030
CBL 29040
CBL 29050
CBL 29060
cBL 29070
cBL 29080
cBL 29090
CcBL 29100
CBL 29110
CcBL 29120
cBL 29130
CBL 29140
CBL 29150



FILF
-
C
C
18
19
20
C
C
21
22
C
C
23
C
C
24
25
26
27
C
C
28
45
46
47
a8
43
50
29
30

CAIM F FORTRAN P11
Al =¢
Gy Ty 13
END OF NESTED MULTIPLICATIGON

TEST ON SATISFACTORY ACCURACY
H=CA%ABS(A)+CB*xAB<S(B)
IF(LL) 19, 16, 265
L=L+1
IF(ABS(A)-EPS*xABS{C(1)))2C,2C,421
IF{ABS(B)-EP SXABS{C(2)))3%,3G.,21

G F UNMNDMAN

TEST ON LINEAR REMAINDER OF NMININUM RNCFWN

IF(h-CC)zzy 22423
AA=A

R =n

CC=¢+

QQ 1=Q1

QQ2=Q2

TEST ON LAST ITERATION <TEP
IF(L-LIM)2EsZE8,24

TEST ON RESTART OF BAIRSTCw I TERATICMN ¥ITH 2ERC INITIAL GUESS

IF(h=-CD)a3,y43,Z25
IF(Q(1))Z27426427
IF(Q(2))e7+424 27
Ql 1)=0.,
Q( 2)=0.
Gn TO 7

PERFORM TITYERATION STEP
H1=AHS(A1)
H2=ARS{A 1)
IF(F1-FZ)4S,8€,4€
H1=ARS(C1]}
IF(F1-F2)87,4F,48
H2=ARS(C1)
IF(F1-+Z2)4E,45,46
HH=ARS(R1)

G T £¢
HH=ARS{C1)

GO TO €0
HH=ARS( A1)
IF{FrF)a2,42,26
Al=ALl/¢F
B1=F1/4+F
Cl=z=C1/Fkk
H=A1%*C1l-B1*xR1]
IF(+)30,42,3C
A=A/FH

B=A/FH
HH=(N%xA1-A%B1) /H
H=( A*C1-8%31)/H
Q1=Q 1++H
Q2=QZ++

D AT A

SYSTEM

CeL 29160
CBL 29170
<BL 29180
CBL 29190
cBL 29200
8L 29210
cBL 29220
CcBL 29230
CcBL 29240
CBL 29250
CRL 29260
cee 29270
cBL 29280
CBL 29290
CBL 29300
cBL 29310
cBL 29320
CcBL 29330
cBL 29340
CBL 293S0
CBL 29360
CBL 29370
CBL 29380
CBL 29390
cBL 29400
CBL 29410
CBL 29420
CBl. 29430
CBL 29440
cRL 29450
CBL 29460
CBL 29470
CBL 29480
CBL 29490
cBlL 29500
ceL 29510
CBL 29520
CBL 29530
CBL 29540
CBL 29550
cBL 29560
CBL 29570
CBL 29580
cBL 29590
CBL 29600
CBL 29610
caL 29620
cBL 29630
CcBL 29640
CBL 29650
CcBL 29660
CBL 29670
CBL 29680
CBL 29690
ceL 29700



FILE
C
Cc
C
31
32
Cc
C
33
34
35
36
37
c
Cc
Cc
38
C
C
39
C
C
40
C
C
41
C
C
42
C
C
43
44

FARLE
END OF
TFST ON

FUORTRAN

1

ITERATION STEP

G F U NMDN AN

IF(ABRS(HEH)-EPS*ABS(Q1)) 31,31,33
IFCARS(K)-EPS*ABS{Q2))32432,33

LL =1

GD TO 12

TEST ON DECREASING RELATIVE ERRORS
IF(L-1)12, 12+ 34
IF{ABS{+H)-EPS 1%ABS(Q1))35,35,12
IFIABS{HI)I-FPS1%ABS{Q2))36¢36.12
IF(ARS(QOQ 1*HH )=AB S{Q1%DQ 1)) 37 444 4,44
IF(ABS{UQQz*xH)-ABS(Q2%DQ2))12 .44,44

END NF BAIRPSTOW ITERATION

EXIT
Qt 1)=Cc(1

IN CASE OF QUADRATIC FCLYANCWNMIAL

a{ 2¥y=Ccl z)

Q( 3)=0.
QL 4)=0.
RE TURN

EX1Y
At 1)=Q1
al 2)=Qz
a( 2)=A
Qf 4)=8
RETURN

ERPOR
[ER==-1
RFETURN

ERRIR
IER==2
RETURN

ERROK
IFR=-3
GY T a4

ERRNR
IER=1]
A 1)=Qn1
a( c¥=0Q:2
Q( 2)=aA
Q{ 4)=88
RETURN
ENDC

IN CASE OF SUFFICIENT ACCURACY

EXIT

EXIY

EXIT

EXIT

IN

IN

IN

CA SE

CA SE

CA SE

CA €E

OF

aF

OF

OF

ZERO CR CCANSTARMT FCLYANCHMIAL

LINEAR PCLYNCNI AL

NCNREFINED GUACFATIC FACTCHR

UNSATI SFACTORY ACCURACY

D AT A

SATISFACTORY RELATIVE ERRCR CF JITERATED VALUES

SYSTEMS

cBL 29710
cCBL 29720
cBL 29730
CBL 29740
CaL 29750
ceL 29760
CBL 29770
cBL 29780
cBL 29790
CBL 29800
CcBL 29810
cBL 29820
CcBL 29830
CBL 29840
CBL 29850
CBL 29860
CBL 29870
ca 29880
ChL 29890
ceL 29900
ceL 29910
caL 29920
CBL 29830
AL 29940
CBL 26950
CBL 29960
CcBL 29970
cBL 29980
CBL 29990
<AL 30000
cBeL 30010
cBL 30020
CE8L 30030
CBL 30040
CBL 30050
CBL 30060
CBL 30070
CBL 30080
CBL 30090
CBL 30100
cBL 30110
cBL 30120
CcBL 30130
CBL 30140
CBL 30150
CBL 20160
CBL 30170
cBL 301890
CBL 30190
ceL 20200



