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Preface

, This study was undertaken for the Control Systens
Development Braach, Air Force Flight Dynamics Laboratory
(Flight Control Division). The first objective of the effort
was to ascertain whether the existing linear mathematical
model) of the ACl30 was accurate. I thought it best to begin
with the basic equations of motion and develop a parailel
model, the characteristics of which could be compared to
those of the existing model.

Using the model developed in this study, the cecond

purpose was to compile date on selected stability and control
parameters for tlie AC130A aircraft to predict general trends
and values for these parameters throughout an extensive
flight envelope.

I wish to express my gratitude to the following
personnel: to Lt. Col. James Thompson, for sponsoring this
study; to Capt. Kenneth Bassett, for supporting the project
and guiding my efforts to produce useful results; to Capt.
Len Kruczynski, for supplying the basic computer routines
used in the computations; and to my wife, for her unending

patience with the author.

Robert G, Lorenz
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Notation

Description

Altitude

_Speed of sound

Aerodynamic center, ¥ MAC
Aspect ratio

Span

Center of gravity, % MAC
Section chord

Mean aerodynamic chord (MAC)
Drag

Diameter of propeller

Flap position in %
Acceleration due to gravity

Scaler components of angular
momentum of spinning rotors

Total moment of inertia of
propeller

Moment of inertia
Moment of inertia
Moment of inertia
Product of inertia
Product of inertia
Product of inertia

Angle of incidence

Induced drag coefficient, l/weAR

Lift

vii

Units
ft
ft/sec

ft

ft
ft
1bf
£t

ft/sec2

slug ftzlaec

slug ft2

2
2
2

slug ft
slug ft

slug ft
2

2
2

slug ft
slug ft
slug ft
deg

ibf
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P,Q,R
Psq,2
$,4,0

U,V,w
UyV,W

4,0,0

Rolling moment about mass center

Longitudinal distance between center
of gravity and of aerodynamic center

hdorizontal tail (assumed to be at .25¢)

Longitudinal distance between center
of gravity and of aerodynamic center

_vertical tail (assumed to be at .25¢)

Mach nwnber

Mean aerodynamic chord, ¢

Pitching moment about mass center
Mass

Yawing moment about mass center
Scaler componenté of angular velocity
Perturbations of P,Q,R

Nondimensionalized perturbations,
pb/2U,, qc/2U°, rb/2U

Radius of turn

Total wing area '
Total area of horizontal tail
True air speed

Thrust

Specific thrust, T(eng)/902 2
where d is propeller d;ameter

Scaler components of Vc
Perturbation of U,V.W

Nondimensionalized perturbations,
u/U ,v/Uo,w/U

Velocity of mass center

Scaler components of aerodynamic
force acting on mass center

1bf ft
ft

ft

ft

ft

1bf ft
slug
1bf £t
rad/sec

rad/sec

ft

£t
£1
ft/sec
1bf

ft/sec

ft/sec

ft/sec
1bf
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X,¥y2 Displacements along axes £t
o Angle of attack (see Fig. 1) rad
;w Aﬁgle of attack of wing, a + iw rad
8 Sideslip angle (see Fig. 1) rad
ca.se.sp .Perturbation angles of ailerons, rad f
elevator, and rudder )
p Air density alug/ft3 5
0,0,y Euler angles rad
8,0,V Perturbations of 0,9%,¥ rad
LY} Propeller RPM rad/sec
§ Damping ratio

Subscripts

a _ Aileron
e Elevator
f Vertical tail
i Inertial
0 Denotes evaluation at trim condition
(except for CL R Cd )
o (]
r Rudder
t Horizontal tail
T Component due to thrust
w Wing

ix
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Description
= .

J Nondimensional Coefficients

. )
.(D/IIZpSVQ)o

(Cp at C;=0)

1
FacD/aa)o !
1

2
(L/2/2p8V0),,

(C

L it a=0) ,

(acL/aa)o,

ony2
g.t/llzgabvc)o

1
(ac,/3p),

i 1

(3C, /38
. o
(ac,/38),,

t
(acl/asa)or ‘

1

' (aci/qcr)o

2, .
dnllfszcvc)o

(aC,/2q)

. H
(acm/aa)o

!

1

. (BCm/aa)o |

[acm/a(d'c'/zuo)slo

(ac,/3se),

\ -
M/1/2pSbVY)

{acn/ap)o

|
(ac_/at)
!

(3¢, /28),,

(3C_/353a)
|

(aC_/3ér)

2y

(T/l/ZpSVc o

(x/1/2p502)°
(3C,/39)

(3C, /30) ‘

‘(aCx/Ba)o

[ac, /3(aE/20)],

!
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Cu. (3c, /38e)
¢y (?/uzpsvg)o
cyp (3¢, /3p),,

; ¢y (3c,/38)

f cyB (acy/as)o
s (3c,/38a)
Cydr (acy/acr)o
c, (2/1/208V2)_

) czq (3¢, /39),

| C,. (3¢, /38)
Cza (QCZ/SG)O
Cay [ac,/3(a8/20 )]
Czde (acz/aae)o

X1
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INVESTIGATION OF STABILITY
AND CONTROL CHARACTERISTICS OF
AC130 LINEAR MODELS

I. Introduction

Background
The weapons and fire control system of the AC130

gunship posses a capability for extremely high accuracy,

if the aircraft platform can be rigidly controlled within
crucial tolerances. A novel automatic control system,
termed the Sight Line Autopilot (SLAP) by its innovators,

is presently under development. The system will be capable
of maintaining the aircraft in its firing orbit within
stringent limits, allowing the pilot to devote his attention
to firing the weapons.

The replacement of the human pilot by this contrel
system is conditional on that system's capability to antici-
pate accurately the aircraft's perturbed response to a dis-
turbance from trim. A comprehensive mathematical model is,
therefore, a necessity. In determining such a model, two
sets of parameters are needed to describe adequately the
dynamic idiosyncrasies of the airframe: stability derivatives
and transfer functions. Stability derivatives, introduced

into the perturbation equations, relate the changes in the

1 Proceding page biank

e €
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aerodynamic forces and moments with'changés in the cir-

craft's state vectors when the aircraft is disturbed from

trim. The state vectors in this study were: angle of

attack, forward airspeed, sideslip angle, yaw angle, pitch
angle, bank angle, and angular velocities. Transfer functions,
determined primarily by the stability derivatives, are input/
output ratios used within the autopilot to program the re-

quired changes back to the trim condition.

Purpose and Scope
The objectives of this study were twofold. First,

more comprehensive, linear models of both the AC130A and
ACl30E aircraft were developed. The dynamic characteristics
of the proposed AC130E model were then compared with those
of an existing model. Second, data were generated for the
AC130A throughout an extensive flight envelope to establish
general trends and probable values of stability derivatives
and selected stability and control parameters. This data
will be used to compare model response with flight test
results on the ACl30A aircraft. Aeroelastic effects were
not included in the model as no test data were available

and no reliable technique has been developed for estimating
these phenomena. Gust inputs and quantitative determination
of transfer functions were not treated in the study as the
author feels that, until a valid model has been confirmed,
such efferts would not producg useful results. Because

of tha large number of calculations involved, the iterative

ST NNV S,
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procedures, the dynamic response modeling, and the plotting
of data were all programmed in Extended Fortran language for

' L]
the CDC 6600 digital computer and the Calcomp package.
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II. Governing Equations

R 3 i

The equations used in the mathematical model were i
derived from Etkin (Ref 6), and include the gyroscopic |
coupling terms. Assuming the airframe to be a rigid body
and phe earth axes to be fixed in space, the complete set

of equations is:

Equations of Motion

. X+Xp-ngsing = m(U+QW-RV) (1)
, 5 Z42,4mgcos0cose = m(W+PV-QU) (2)

| MLy = QI +PR(I,~I,)+(QR¥PIT, +(PQ-RII
| + (P2-RD)I,_+h R-h P (3)
Y+¥ptmgeosOsing = m(6+RU-PW) (W)

¥

X W = PL#QR(I,-I)-(PQ-R)I, +(PR-Q)I,
+ (R2-Q?)I._-h_R+h_Q (5)

yz ly 'z

h.+nT £ RIz+PQ(Iy-Ix)+(QR-P)Ixz+(PR-Q)Iyz

+ (Q%-PHH1_ -n

Xy xQ+hyP (6)
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Euler Relationships

, Pao-Yasin® )
Q= o cosd + ¥ cosOsind (8)
"Rz -0 gind + Y cos® cost (9)

é z Qcos¢ - Rsind (10)

6 z (Qsind + Rcosd)tan® + P (11)

@ = (Qsind¢ + Rcoséd)secod (12)

' Inertial Velocity

z3

=Usind® + Vecos® sind + WcosO cosd (1

To simplify these equations further, the following
assumptions and restrictions were made:

1. The only significant rotors contributing to
gyroscopic oupling were the propellers. - hy s hz =0,
hx = Q1.

2. The xz plane was a plane of symmetry. -+ Ixy = Iyz 0,
YT sz =nT st 0,

3. The thrust force was parallel to the longitudinal
ax%s. » 2y = 0.

4. The angles of attack and sideslip were not allowed
to exceed ten degrees. The following linear approximations
were then used: U = Vc, a . W/u, 8 = V/U, Q - U& + &a,

V= oug + UB.
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Employing these assumptions, the equations became:

X+xT-mgsine

Z+mgcosOcosd
m +,

Y¢mgecosOsind

L =
N s

BT a4 v m rBeums ve n et e B e S wemoea s mF el am Wi o e T W e LGN A oy A . i e A+«

m(U+UQu-URS) (1a)
m(Ua+Ua +UPB-UQ) (2a)

|
6Iy+PR(Ix~Iz)+(P2-R2)Ixz+RIR (3a) i
m(UB+UB+UR-UPa) (4a) ?
PI#QR(I,-I )= (PQIRT, (sa) §
éxz+pQ(1y-:x)+(QR-§)Ixz-nzq (6a)

"Equations (7) through (12) were unchanged.

2; ®

U(~-s8inO+BcosOsind+acosOcosd). (l3a)

Solving the equations for time-dependent parameters,

the following set of equations referred to the trim conditions

were obtained:

2

U, = o SUC, + 2T, - 2mgeine_ + 20U (R B, - Q8,0 (1)
2mU°¢;o s posugccz - uocx) - 2u°T; + 2mg(coseocos¢o+a°sin8°)
+ 2mU Q (1+ad) - 2uU 8 (P +R o) (15)

?Iyéo = p SUlaC, + 2P R (I-I,) + 21, (R2-P2) 4 21 QIR
“ (16)
éo = Q,co8¢, - R sing (17)
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. 2 .
ZmUOBO s pOSUO(Cy-BOCx) - 2B°T° + 2mg(coseosin¢o+6081n0°)\
2
. - 2mU°Ro(1+8°) + 2muoa°(P°+Q°B°) (18)

21,1 -I2 )P

2,.2
x*z *xz'%0 C,) *+ 2QR (I I -I +I. )

2
posuobuzcluxz 00 y'z "z "Xz

+ 2P°Q°Ixz(1z+1x-1y) + ZQOIxzﬂI (19)
2I.I.-I2.)R_ = p SUL(I.C +I..C.) + 2Q P (12-1.1 +12)
X"z “x2°0 0”0 "“x"n “xz2”1 00 "X "Xy “x3

+ ?ROQOIxz(Iy-Iz-Ix) + 2Q°IxQI (20)

¢° s Po + (Qosin¢°+R°cos¢o)tan9° _ (21)

wo = (Qoain¢o+R°cos¢o)sece° (22)

zio z Uo(-s1ne°+B°coseosin¢o+aocoseocos¢°) (23)

Thrust appears explicitly in equations (14), (15), and (18),
while in equation (16) this term is absorbed into the coef-
ficient Cm’ This arrangement was to facilitate an iteration
process used to obtain the initial (trim) conditions.

Perturbations about the trim condition were then
introduced. These disturbances were considered small compared
to the steady-state values of the state vectors. The sines
and cosines of the perturbation angles were approximated
by the angles themselves and one (1), respectively. The
products and squares of the perturbation quantities were
considered negligible in comparison to the perturbations
themselves. The following notaticn is used in this report:

Us Uo +u, ¢ = ¢° + ¢, etc, where the subscript denotes the

e b
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state variable at its trim condition and the lower case

character denotes a perturbation. Assuming that inertia
ter;ns (Ix, etc) and atmospheric variables (density, speed
of sound, etc) remain essentially constant for the small
time span under consideration, the following perturbation
equations were obtained (direct thrust effects here were

included in the aerodynamic forces):
AX/m =z u + (0 Q *R B Ju + UgQu® + U .q * gdcosd
- UoRoB -UB (24)

© 0

AZ/m = au+ Yo + (ao-Qo)u +U0 -Ugq+ gesineocos¢o

+ POUOB + Uoﬁcp + g¢coseosin¢° (25)
A = Iyé + (LR=I,R +2I P)p + (IP I P -2I, R #aD)r
(26)
A8 = qcoseo - rsin¢° - ¢¢°coseo (27)
MY/m = Bu + UB + (Ry-P@ +B_)u - P UG + g05ind _sind
+ ﬁOB ~aUp+Upr- g¢coseocos¢° (28)
e Ip-1 0+ (I,Rg-T Ry-I, P )atQu(I -1 )r-I, Q p(29)
Mz1r-1 p+ (IPo-T,P +T, R -81)q
*QolIymI P *+ 1,00 (30)
Aé z qtaneosin¢° + (&otanGO-PotanB°+Qosin¢°+Rocos¢°)°
+p¢ (taneo cos¢ ) r +(é°tanoo)¢ : (31)

8
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Ay = (qsin¢°+9Q°tan6os1n¢°+SROtanBOcos¢°+rcos¢°)seceo
+ ¢G°sgc0° (32)

Equations (2u4) through (32) were then expanded by
linearizing the aerodynamic forces and moments and expressing
thenm in terms of the non-dimensional stability derivatives.
The following assumptions were applied to the linearization
procedure:

1. Cross derivatives (Cx ’ Cnu, etc) were considered
negligible (Ref 6:123-4),

2. The thrust coefficient was independent of angle of
attack (Ref 6:147).

3. The change in side force due to aileron deflection

(C, ) was negligible (Ref 3:88).

Ysa
4, The airflow around the aircraft was assumed to be

quasi-steady. Unsteady flow effects were considered negli-

gible and all derivatives with respect to accelerations

_were omitted with the exception of those dus to @, The a

derivatives were retained to account for the effects of

downwash on the horizontal tail (Ref 8:4-52, Ref 4:370).,

The linearized aerodynamic forces and moments, adapted from

Ref 6, were used in the following form:

1 ) PR ¢
X = ipOSU°(20x+Cxu)u + 2p°$Uo(Cxua + TU; quq + CXGGGe)
1 1
AZ = prSUO(ZCz+Czu)u + TpoSU (c, u + 50— Cz.a+§U~C q+C 6eeSe)
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2-
Am 79030 C(ZC '.‘C )u+-2-p°SU C(C G'.'iu—c G*m-o-cm q*‘cmae e)

I | p 1 2 b b oA
AY = 5p SU ( ZCy) utsp SU( CysB*m;Cpr*m;‘Cirrﬁ'Cyerr)

af = sU, Jbezc Yutdo SU b(C B45C p+a r+C, 8SatC, &)
= P 1930 15 T CL PYAU O P P

5 3 \
AR = TDOSU b(2C )u+7p°su b(CnBB*mgcnpp+§vécnrr+cn6a5a*Cn6r6r)
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III. Development of Model

Equations

The linearized forces and moments were substituted
into the perturbation equations (24) through (32) and the
resulting set of equations solved for the time derivatives
of the state variables. The steady-state (trim) condition
of level, turning flight was simulated by requiring the
following restrictions:

1. All state vectors were constants except wo’
which was cyclic, and Bo’ which was zero.

2. Accelerations of state variables were zero.
Applying these conditions to the perturbation equations, the

following set, referred to body axes, resulted:

. PSU, o, Su2
N [Tﬁ—(zcx+cxu)'“oqoj“ IVl @

[
]

s

dosuoa . posuoa
["nﬁr“°x¢3“ * [-"EE'"qu'“oUo]q
[geoso 16 + [U R I8 + [—53——Cx6016e (33)
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-u—-C 16 =
Z4"

e

Q
[T—(ZC "C )*U—]'i - [ ]u + [-T—-C

Sc

[1+ —ﬁ-czq q - [Bac;sineocos«to]e

. p.SU
(P18 - [ificosd sing 1¢ + [‘%a“?‘z 16e  (34)
(]
o SU_ & s1u’s
(-2 o 2¢_~C, )]u+[—7—c Ju+[—9—“-°--c Jo
posuo
(=< Jq + (IR -I,R,-21,P o'P
q

2w
U .
_-T_C GQJGG + (IzPo-IxP°+2Isz°-QI)t‘ (35)

(cosoo)q - (sin¢°)r - (@ocoee°)¢ (36)
p.S o P =R

0 00 0
[-342y+——-0-;—]u + (PO)G - [[ﬁ;eineosinéole

oSUo Sb DOSb
['Tfn_\'c B]S [ W v aolp + [—Wn—cyr-llr
pOSUO
[ni-coseocos%n + (S=2c Ysrm (37)
c, ¢, p,SUZb °16 ®ng
Posuob[r— + r]u + —T— [r— "r"]B
b4 2

o)
1.-1 I-I I
[(-’-‘r—l*npo + (-{——!--I’ﬁmo +_-L-I-]q

2o > (I-&1-2>+ Q <1+-,-¥)1p
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2 C C
SU b A I
§) . [po l+o (Ilp . ;HW +Q( {1 z _ ';z)]r
E Xz z O ‘xz z |
4 2, Cg d 'arr2y. C C.
, . PGSUb Tlg Tng, PoSUD "Ly e
+ 5 LT + T ]63. + 3 L + T ]6I‘
. XZ 2 Xz z ',
. ' (38
| 2. C_ Ci
I . C C p.SUD "n 1 :
[+ 2-221r = p SUBL-D- + 2ju+ 2 OB, B
I;; Tﬁ: oo L, Iy z ez Iz
' IX"IZ Ix‘¥y Iez I
+ [( i - L)R_ +( T t g )P+ T’T]q
X Xz ps Xz
] 2 C C : '
p SU Db n n oI -1
ISR e By e (L s FBp
X2 X °© XZ X
2 C C |
p_SU b n 1l I -1
12— (=t D) ¢ Q2 - Dr
Xz X X
2. C 2. C C
p SUD “n 1l g SUD "n 1.,
) ¥ 02051(S * 16§]5a+ 20[15P+ Itsr]‘SP
Xz X x2 x
(39)
(tan6051n¢o)q + (wocoseo-Pqtaneo)e
(tanoocos¢o)r + p! (40)
51n¢ cos¢o \
z (cose )q + (w tand ) 6+ (e <55 0 )r (41)

Ac car be scen
terms in these
conditions and

derivatives,

r"’“’"’mm
~
< . o
' + "

, the numerical evaluation of the coefficient
equations requires' determination of the tyim

estimation of the application stability
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Initial (Trim) Conditions

The trim equations, (1l4) through (23), were used to

compute initial conditions through iteration on s T, C

l’
Cm, and Cn’ The iteration procedure was developed by person-

o’

nel in the Department of Astronautics and Computer Science,
U.S. Air Force Academy, and was expanded slightly for use
in this study. The basis of the iteration was the require-
ment for consiant state vectors at the trim condition. A
listing of tlie computer program can be found in Appendix B.
Applying the restrictions listed on page 11 for level,

steady, turning flight, the following equations were obtained:

2

’ poSUo To .
U, = —5—=C, * - - gsinb - U Qo (42)
&o = 29;;9 (Cz-aoCx) - iﬁz: + 6i(coseocos¢o+aosineo)

+ Q (1+a?) (43)
P = -y_sind_ (1)
Qo = ¢ocoseosin¢o (u45)
R, = &ocoseocos¢o (u6)
a, = taneo/cosoo (47)

1y
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From Ref‘8:203, the following relationships were obtained %

A WEEW

for the reference flight condition: ' !

. v2
_ e
R = E¥EE$; (us)
. v
Vo = T (49)

Using data from Ref 1, approximate values of a, and To
were computed to begin the iterative process.
Iteration was first performed on equations (42) and

(43). It was assumed that, for small disturbances,

rqr' ..I
; ° s |3u )
. Au e Aa + 3T AT (50)
v Jde s .
da[= |32 po + ot (1)
b-“- -“ -

The following equations were then solved for Aa and AT by

Cramer's Rule.,

.. . o« .
Au %& %T Ao
b3
' 3 da
Ao: aa T AT

. "' . L] L]
where Au = U° - U c?mputed and Ao = @, - o computed., Final

values for g and o Were obtained by setting U, * e, = 0
and noting that refjuiring Aa = AT = 0 will result in u

computed = o compyted = 0.

. -
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Values were thus obtained for L 90, Po’ Q,» and Ro' Cx
and C, were determined by summing forces along the respective

axes, giving

_ C, = CT + CLsinuo - CDcosao (52)

Cz =z -CLcosu° - CDsinuo (53)

Trim conditions were then impressed upon equations (16),
(18), (19), and (20) and these equations solved for Cps Cy,
C,pand C .. A second iterative procedure was performed using
equations (16), (19), and (20). The matrix which was used

to solve for final values of Cl’ Cm’ and Cn was

Bl |8 | o
1] 84 3§ 3¢
4 1:‘5—:55: *n
: r or or
Ar w;:'{gimf ACn

where Aﬁ = Py - 5 computed, Aé =

Ay = Ro - r computed.

Ve XJ

o~ é computed, and

Stability Derivatives

Formulas used in estimating stability derivatives are

presented in Table I,

16
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Because the model was to be referred to the body axes,
the following transformations (Ref 10:57-b) were then applied
to those stability derivatives which were originally refer-

enced to the stability axes.

m“B n, o'm, lBB on

(:m“B = th + “ocmu CnBB = Cn + a°01

Cqu = Cxq - “oczq, ClpB = Clp - “o(clr*cnp) + ctoCnr

Cqu = Czq + qoqu Can = Cnp + Go(Clp-Cnr) - Goclr

cx.B = ¢, = agC, cer oy ¢ aocclp-cnr) - agcnp

czéla =yt agly cnrlB = c, ao(cl;cnp) + agclp
c"ae; “xge” 0 25 clsa; “Lga” “o'ng,

czseag czée+ u°Cxce Cn6a8= Cnsa+ aoclca

cyPB = Cyp ] aocyr C16r3= Clér- e‘°C“¢Sr~ ‘
cyrB : Cyr * “ocyp Cn6r8= Cn5r+ “oclér

All other derivatives were either unchanged or were initially

defined in the body axis system.

21
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Model Characteristics

After initial conditions and stability derivatives had

Vet

been evaluat;d, equations (33) through (41) were arranged

in matrix form
X =AX

where i was the 9x1 matrix of time derivatives (&, &, é, é, B,
P ;, b &), X was the 12xl1 matrix of state vectors and control
terms (u, ay Q, 6y By Py Py ¢ ¥, 82, Se, 51”):‘ and A was

the 9x12 coefficient matrix determined by trim conditions

and the stability derivatives.

Mode parameters were estimated by factoring the coef-
ficient matrix A, using an eigenvalue program from Ref 1l1.
The procedure yielded one zero root, two real roots, and
three complex pairs. Factoring the complex roots gave the
natural (undamped) frequencies and'damping ratios for the
FPhugoid, Short Period, and Dutch Roll modes. The real roots
determined the time constants for the Rolling and Spiral
modes.

The perturbation equations were then integrated using
a fourth-order Runge-Kutta routine. The subroutines were
arranged so that the perturbed response of the state vectors

could be estimated from a single control deflection or any

combination of aileron, elevator, and rudder deflections.
The computer programs used to determine the above character-

istics are listed in Appendix D.
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C130 A and E Model Differences
Only two, parameters differ significantly between the

two aircraft; both due to the fact that different propellers
are used. The propeller moment of inertia (I) and the spe-

cific thrust (T,) for each aircraft are listed in Appendix A.

%o

23
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IV. Results

Comparison of AC130E Models

Response to a one-second pulse of 0.1 radian was in-
vestigated for each of the primary control surfaces. Per-
turbations produced by the model daeveloped in this study were
compared to those produced by an existing model. The trim
condition was turning flight at a constant altitude of
10,500 feet, at 28 degrees of bank, at a gross weight of
110,000 1b, and with C.G., at 25% MAC., Model parameters are
listed in Tables II and III, and results of the computer
simulations are presented in Appendix C.

A modified sensitivity analysis was performed by equating
pairs of parameters which differed considerably and noting
any subsequent change in response.“ Table IV contains the
results of this analysis.

Compared to the existing model, the proposed model
showed an increase in damping of phugoid oscillations. The -
primary dutch roll oscillations of the proposed model were
generally weaker, but the B and r response to aileron
deflection showed a marked decrease in dutch roll damping.
Pronounced dutch roll was evident in several of the cross
coupled perturbations of the proposed model, but the magni-
tudes of these oscillations were quite small. The divergent
mode tended to be weaker in the proposed model. The short

period oscillations of both models were identical.
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Mode Parameters - ACL30E Mocdels

Table III

Paranmeter

Present Model

Proposed Model

Phugoid Mode

w, (rad/sec)

Short Period Modg

w (rad/sec)

Dutch Roll Mode

W (rad/sec)

Rolling Mode

Time Constant (sec)

Spiral Mode

Time Constant (sec)

0.146
0.001

1.984
0.636

0.866
0.215

0.663

69.31

26

0.144
0.0u3,

2.055
0.606

0.968
0.283

0.686

66.09

i e b
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) Table IV, Perturbations“of Proposed AC130E Model
Response ‘Comparison with Existing Model ~ Reason
( a ]
’ % ¥ Less dutch roll.damp‘lng 1
i
0 | tamoing
o Less dutch roll dgmpmg Cn
p
1 Md,0,49, 6 . .
r 3'5"&'5,3_&’33 More phugoid damping Cxu,Cmu,Cnp |
é B1.25 85 Y I;.ess dutch roll aamping c
; §a a €a da : n,
1
u e I (3 .
3'5’3—6 More phugoid damping Cxu"cnp
? 8 p r ‘ * ' 1
3‘6’3‘6,3? Less dutch roll damping I
8, e
3‘5’3_6' More phugoid damping Cx ’Cl ’Cn ’Cn
: u “r P
| 3%’3% More divergence .Clr '
o, 9 1 :
r’ﬁ Less dutch roll Qampmg I
u,a,9, 6 . .
3?’3?’3‘?,3?‘ More phugoid damping H Cmu‘,Cnp
0,8 r amp i
: E?"&F,ar"{f‘" Hore dutch roll demping Cnp
.Q_’L |
, Sr 6r
b R Less divergence C, +Cy »C_
dr &r u r p
f 27
L:mm " el e i S —
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Mode Parameters and Stability Derivatives, AC130A

Selected, mode parameters and stability derivatives were
calculated fér the ACl30A aircraft in a level, left-hand
turn at 30 degrees of bank, altitudes from 6000 feet to
15,000 feet in increments of 1000 feet, gross weights of
100,000 1b, 120,000 1b, and 120,000 1lb, and C.G. locations of
15% MAC, 25% MAC (nominal), and 30% MAC.

graphically-in Appendix D, From these data, probable ranges

Results are presented

of the selected quantities were estimated to be

Phugoid Mode

Rolling Mode
time constant (seC)ee-mm-eccceew- 0.400
Spiral Mode

time constant (seC)emewmcmcccwna. 50.00

to

to

to

to

te

to

to

to

to

to

to

to

0.145
0.050

2.700
0.650

1,250

0.300

0.900

70.00
-0.190
0.150
0.040C

0.770




-7.700
-1.780
~-0.040
-3.100
-3.900
-0.080
~-7.700
-25.000
-0.080
-0.564

-losuu

“007“9
-0,050
0,088

-0.134

“00550
-00170
0.388

0.396

-00173
0,075

0.00328

to -~7.500
to ~1.730
to 0.100
to =2.850
to -9,200
to 0.250
to =7.400
to ~23.500
to =0.060
to =~0.540
(constant)
to «0.740
to «0.0u45
to 0.093
(constant)
to ~-0.535
to -0.110
to 0.396
to 0.420
to -0.155
to =0.065
to 0.00344

0.264% (constant)

0.0264 (constant)

-0.0920

to

-0.0910

et g e e 2
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V. Conclusions and Recommendations

! .

The only dramatic differences between the two ACl1l30E
models occurred in cross-coupled responses which were at
least one order of magnitude less than their respective
primary perturbations. It is concluded that the existing
model is reasonably accurate, based on available data; how-
ever, the qualitative comparison provided the following
suggestions:

1. Significant cross-coupling occurs in the é%’é%’g%’
and g% responses, but these are unaffected by the gyro-
scopic coupling due to propellers. On this basis, the
gyroscopic coupling is negligible; however, if other cross-
coupling is to be considered, these effects should be
included, as the phenomenon substantially increases the
dutch roll in several of the smaller cross-coupled reactions.

2. The u-derivatives should be more rigidly defined
and the contribution to Cxu and Czu due to 3a/du in the Lody
axis system, as well as the quantitative change in Cmu due
to axis transformation from stability to body axes, should be
taken into account. These effects were not included in the
existing model.

3. Fligiht test verification is needed to determine
values for the rotary derivatives. None of the values used

in either model (except Cl ) can be analytically justified

P
as all were obtained from ermpirical formulae.
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Further study is necessary to provide information in
the following areas:

1., Further computer simulation using different

o e e = Ui B

combinations of control deflections.
2. Possible changes in stability parameters to account

for aercelastic phenomena and the effects thereof on model

response.
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GAM/AE/72-%
Appendix A
Basic Data
(from Ref 1, 2, and 3)
Horizontal Vertical
Wing Tail Tail Units
Area | 1745.50 . 5u5.00 300.00  ft2
Span 132,60 52.70 23.10 ft
MAC 13.71 11.18 14,82 ft
AR 10.09 5.02 1.78
TR 6.52 0.37 0.30
Dihedrel 1.50 0.00 N/A degrees
Incidence 1.50 -1,7% N/A degrees
Twist -3.00 0.00 N/A degrees
Fuselage
Max Length 97.74 ft
Frontal Area 180.00 £
Horizontal Tail Length 47.33-C.6,(13.71) £t
Vertical Tail Length . 46.03-C.G.(13.71) ft
Propeller
RPM 106.80 rad/sec
Diameter A Model 16.00 ft
E Model 13.50 ft
1 A Model 139.00 slug/ft
E Model 175.40 slug/ft
'I‘c = 0,375-0.01A-(0.00338-0.0009A)AV (a)
Tc = 0,275-0.008(A-~10)-[0.00248-0.00007(A-~10) JAV (r)
where (&) is valid for A < 10600 ft, (b) is valid for
10000 ft < A < 20000 ft, and V = TAS-120 (knots).
33
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8 2 CT = 1,032 Tc A Model
= TTC ."
. CT s 0.836 Tc E Model

R

L = 0.25 + 0.12T_, + 0,90F
o C
CL = CLo + uCLu, CL“ = 6.30 ¢ 0.“35Tc+ 2.00F, M < 0.225
C, =06 [1+0.33 (M~0.225)1, M > 0.225
LG LG
(0.225)
9 Cp = 0.030 + 0.0u8F
Cp [CD + K(CL-0.20)3(1+0.18FCT), °
° K = 0.044 - 0.030F
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view looking
aft

relative
wind

Figure 1, TDody Axis System

35 -




GAM/AE/72-5

N e

Appendix B

i Cl30E Model Response to Control Deflection

36




oooooooooooo

i
H
H
!
4
3

H H 1
H H 4
H - i
i i

a p:

I

f

4

:

{E I
e T ki ¢




e 6w o

m.n'%“ﬁ-".hi-

i i 1 d

H ll . £ H

! ﬂ ! rl

H b H H

: i i :

AS k Fﬁ 4:8

H : F! H

| H . H H
L >N ﬁ B s
'“mﬂ‘m?"} ol m‘f%u'u""} . !&uuw'} e ﬁ'a'}iuf'“‘!
- H o

H H t

! : !

p‘ - r:

VAN )

3§ !g g 3§‘

oNp b

. i !

: H -

] 3 3

et .“} 47...:‘".“::‘*5 wh .::.!:..m’

€18. 3 » 219CNFT BTEPENSE TR CUSTRRL. GUOFRCE SEVLILTION







TSN 2904085
SO D e ® & 0o s o0 ggg

la‘ggegg.“‘:

S5 SSE, 85T GAYE AV




t208u 02005002
Goow 1ngeas, ‘IO

2332328 AiBnN1e ¢ GoeLs

— MS1IIUS 2DNENS WUINed B3

S (EF1IF T23813V1
-mres m e '“ ;e e [ X.J af e [ i od [ [ 08°9, - L. 3 [ x J L J L2 ] an° L " 28 L _nd - 8
- -
& 3z i
= -
_ 3
—1 11321438 .S.:l.uiw —C 2z
_ ~ - _
=
3 |
_132%1u1d (Fr 1y BHY
-_'e arel [ x & J ey 8 X J [ 2 [ ] [ _nd ane - [ Lx 3 a2 .J L2 L X ] [ | [ ] o .-,
az
2
- 2
3=
-~
. b4
- E ]
”
- 1330 1:14 99913u34
- 5 J ] La [ L ] a8 e [ X J 209 [ nd 8, aatew L x.J L [ 2 J anceg s8con [ - - an'e - e,
p B -
- Py - ﬁﬂl
2 z
. S 33
L2 /] -
~ - ~
Ll ad
- rl. -
E s
1320012 - - tazmI2UIL
- are '“\ [ & J [ ] [ [ X ] Ll o 8 [ nd l.l.? -.e - - 0. & [ . a8 L [ o as'e e e,
- ”
& E e
Iy - m
o =
-t -
- _ e
ﬁl -
] f 3
4 €329)13u18 32913012
L 2 4 - .r“. [ SR9Q - 688 - X ] 0'e a0 e, - . ] L LA J 0y 000 [ a8y "»e i
Fom by
Um M.
|- =
-
um um
1

B e e PP

U itinistolion ntr s waneas fosa

41

o

mtediiibintion




- ————— " S

s Aty e o

Tucu 0I%0IC8I
ce e o e ees 300w Suaezey OO

HT33TUIC JOHHUND CUINGT B1 JTHEIIDE LTSI Nu 014

T3a01uii 763915011 —1
- e -l [ » 4 L. d - -y -|en o8°s ””p [ ] L x 3 e L. ] L .4 ] L K ] 08y [t | Lt
- 1"
2 Pt
J‘/KI m m §
= =
Py -
. ==
32 _[l:uuéun “ouingd _ -8
1 -
2 iz
3
$aas0L
L a3 .*ve [ - e - a8y N ”.»e ane, -es " i
———— hd . N
r|+.u
\ »>
™
~
“ b4
{-
3
133812ut2 €22913uss
- [ [ ] o atee [ _u 3 vy -, a8te [ i a8'm [ % a8tve aneg o 4 a8 o [ |y aa‘e e e
1~ V' |Fe
2 S
.-“n/v Yﬂm
o had
> =
3 s
t3an1us2
WM B N W v a8 Set ese s, - e,
-
t 2 Hm
N - LB
- n [ =
s 3=
~ ~
-~ s
= .
E 2
. 1330112 22813612
.u' L. e '.' [ 2 4 [ § L J "M L) [ -Tee - [ ] [ ] - 4 - [, | f g .8 '.'
3 .
5 3
a2 -3
FT ] R s
e o g
{l.\c- =
b2 L>
f ] 3

o




GAM/AE/72-5

Appendix C

Stability Parameters for the AC130A Aircraft
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VARIATION WITH WEIGHT AND ALTITUDE
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Spiral lode

VARIATION WITH HEIGHT AND ALTITUDE
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Appendix D

Computer Programs




o wve e e AT A doo

i
[P —" SO -

PPCSFAY CAYPLTTS INITIAL NCGNIITINNSyMODE BLRAMETEPY
AN FIETYII Y DUQEANGEIEITET STATEMSNTS NOT INFLUCED
ESTYMATE /5K 4A7MCEY AND 440 SErQoNns
THTS FROGPAM IS SET UP FNo THZ o MITEL
IF A M0ONel IS UsaEl, CHAMGS FOLLOWING TERMS .
TC=T/7(Ki%3,202), uT--og”’T’ I=130,°
DIMINSICN Xi(255)4X2(26%) 4,Y3(255) 9X4(255) 4X5(255),
'V6§?55’.K?(?)=),XS'?Fr),79(255)QX13(255)'
EXL1L(75F) X42(?5¢8)
AIVYTRSICN T1(25%),Y(12)
COMMON AN(C,12),Y(255,12)
CIMENSTON hh(Q)’7'TA(°),pD(9),TﬂALF(c),AocAL(Z’
DEAL .( K.,KCQKJ’K“,K:' Kﬁ K? KB KQ.Ki",K11,K14,‘(13,K1¢|,
'K13gxiﬁgvi79<1“'(2”,K219(329K23,K21,K?R,KZG,K27,KZ89K29
REAL ToTXXyIVYY3I2Z4IXZ9MyMLyLTyLF
INFPUT EBAPAMETEDS KYITH ART CONSTANT
READ 20973 9Sy0yCiAD,FIRPM, A"
INPUT PAMAMETESS WHICH YARY WITH FLIGHT SCANUITICN
RFAD 1. 74U ALTCyCHIZFLARPS W, ,TFVP
WHERE U TS TAS IN ¥NOTR,ALTO IS BIFSS ALTITULE
IN FEET,PHI IS 3AM ANGLE 1M D¥GREFS,w IS GPNSS
WEIGHT IN LRLZAML TZM? IS FPEFE STREAV AR TEMP
REAN 175, TIXXyIYYyI7Z,1I¥7,41,CF
COMPUTE PASAMETTRES NIECFT TO DFTIRMINE ASROCYNAMIC QATA
OpPM=1325.0%FI/30,0
PHI=CHI/ST7 ,29578
MW /n
PHO=.0.2376C% (1oL LLULEB325¥ALTO) ¥¥%4,255
F=FLAFS/Z10C"
DELV=Y=1204L7
U=U*a53F1,073602,"
VSOUND=49, 1*SORT(TEMF)
Mi=U/ZVSOUNT
ALTO=ALTO/1u33.0
CO.2141%(,Uc¢,002%F)
K~0uﬁ ob2v¥F
CLMIMNG= 425+, 2%F
COMPUTE CONSTANTS
Kiz=QuQ¥S*yss2y/2,n
¥e=Ki/M
K3=2HO¥S*Y/ (2,0%V)
K4zKi¥p
INITIAL VALUES OF A ANC T TO PFAGIN ITECATION
IF (FHI.FGela0) GO TO 4k
RizY¥*2/ (G*TAN(PKI))
PSINCT="/RY

GO YN 47
46 FSINOT=..0
47 CONTTYNUE .

IF (ALT0.6T.10.L) (N TO 24
TC=e275=0 021 *ALTO0=(oul33P=e I 39 ALTO)*DELY
G0 T0 22
21 TC=4275=4:708%(ALYC=17,0)
(02720480 LLICHER(ALTN=4",)) *DELY
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CONTINUT

fY=led208T0

T=CT*x4

CLL=n/(wi*nes(ruTy)

CLLJ=QC§*012’TC4|9:’F

IF (“1elTeue225) 50 Tn 2
CLLA=(Eo’fo“35'7r+?oC’r,’(lop*o?33f"1’c2’5))
6O 10 4

CLLAZ6,34,435%T7 42, nap

A= (SLL=-CLLL)7CLLA

ITLRATION CN ALPFA ANC THRUST USING CRAMSRS RULE

i5
14

D0 15 J=1,8

IF (JsLT42) 50 Tn 14

CLL =,25+,12*Y74,9)%f

IF (M1 LT.C422%) 6O TN 16
CLLQ=(€03*.#’5‘Tﬁ+?..’F’*(1.3*.3?3("1-.225))
GO Tr 34

CLLA=6.7+.QE3‘*C+2.0*F
CLL=CLLY+rLLA®A
CD=CDO+K’(CLL*FLUINDG)"2+-035
CT=T/sx4 *

CO=Co%(1,+,48%F2CT)
CDA=?.‘K‘CLL5‘(CLL-CLMIN”G)
CX=CLL'SIN(A)-CD*COS(A)
CXA=(CLL-CC#)'CC§(A)+(CD¢CLLA)*SIN(A)
C?=="LL*CNS (N) =CTXSINIA)
CZAF(CL&‘CC&)‘STN(A)-(CG+CLLA)‘COS(A)
TH=ATAN(TA&(A)*CCS(°HI)?
CoaPSILOT*SIN(TY)
0=°QTE0T‘CCS(TP)‘STN(PHI)
P=PSTDOT‘CCStTH)‘POS(°HT)
UUOT:K?*ﬂX+T/H-o‘SIN(’H)-U‘Q’ﬂ
A90T=K34(CZ~5¥CX)-(A‘T)/(ﬂ’U)+0'(1.+A"2)

‘+(G/U)*(COS(TH)*COS(C“I)+A‘SIN(TH’)

CTHOA=COS(F“I)/(1.:-(SIN(DHI)‘FIN(A))"Z)
DPIA==FSIICT¥COS(THY ¥2THNY
900A=-FSI1CT“SIN(DPT)'SI"(TH)'DT“DQ
DRDA=-PSIOCT“CCS(P“I)‘S*”(THJ‘DTHOA
DUDﬁA=K”CXﬁ-G‘ﬁOS(TH)*DTHUR°U*(Q*R‘UODA)
OUDOT=4,9/¥ .
DA005=K’“(C?l-CY-A“CXA}-T/(V‘U)+(G/U)*(S'N(Tb)

‘+A'QGS(TH)*CTHWA-SIN(TH)“CO%(“HI)‘CTHDA)+?.0'A‘O
*+NNA* PRS2

CANDT=zeAy (May)
DET=TUCDA¥CADIT-NUNITYNACHA
NELA=(CU“CT*\DﬂT-"ADCT‘UDOT)/?ET
OELT=(CAUOA’UDOT-PUDPA‘AUOT)/CET
A=A+NELA

T=T+NFLT

TC=T/(v1*,82p)

10 CONTINUE
TRANSFOPM INURTIA TEOuS TQ nONY AXIS

ALFPYE=L*57,29570
IXZ=TXZ* (1 4~ALCHA/Y, 75)
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IXXS=IxX
1228=127
IX2S=1Ix2
IXX=IZZS‘SIK(I)"20IYX?’COS(ﬁ)“24?o’IY29‘SIN(A)'fOSlA)
IZ2=IXYS*SIN(AY** 2+ [Z7S¥C0N(A)*¥2-2, #IXTIC#STA(A) *ACC(A)
IXZ=IXZS*(COS(A)**2=SIM(A)**2)+(I225-IXX5) *SIN(A) *CAS(A)

COMPUTE CONSTANTS )
KS=Ix2/127
K6ZIYY«I2Z+(TX7%%2/122)
K7=IXZ* (147 ¢(IXX=IYY)/T27)
K8=KS*I*2prvay,
KG=KX14C AR/ 1YY
K13=(I7Z-IXX)/7TYY ’
Ki1=IX2/71YY
Ki2x=4o L*I¥FPM/TYY
K$3=IXZ2/771XX
KLG=IX7*((IYY=122)/1XY¥Y=1,()
KLS=IXX=TYY4(IX2%%2/1XY)
Ki6=T*FppPvey,
K17=TXX=(IX2%%2/127)
K18=I27-(IX2%%2/1XX)
K2i=K6*K144KS
K2i=K5¢K15+v?
K22=KE*K1h 4K
K2I=KU* (1, =k5*¥1 )
K24=X4a%K1T4K1 4
K252K?7*K124K15
K26=K3¥<12+u1 g
K27=%11/7vS
K28='Kla/“q
K20=-K12/KS
TC=T/(K1*,375)
CLLI=.25+,1c*Trs, 0 5F
IF (¥14LT,(4?2%) A0 TN 14
CLLAS (6434, L7G¥TNe2, | *F) ¥ (1,,4,733(M1=,2025))
GO 10 17

16 CLLAZ6,7¢,415%TC42,0%F
17  CLL=CLL.+CLLA*A

CO=CO0+K* (CLL=FL¥INIC) *¥24, .6
CT=T/«4
CO=C2%(1.+,14%FeCT)
COA=2,*K*CLLA® (CLL=CLMINDG)
TH=ATAM(TAN (A} *COS(PHT))
P=«BSILOTH*SI'NI(TH)
O=PSLIDQT*CCE(TH) ¥ CIMIPH])
R2PSICOT*CCS(TH)*PAS(HT)
CYZ(Pat¥Aa (C/UI*TCR(TH) *CTY(FHT)) /K
L= (Y2, ¥NPEIK218T% 41200 ) /021
CHgI(??‘("’“?-D"?) QK?Q*C“D"{?;#D
PN= (C2L2NEQ4026%P% 14y 2he ) U2

ITESATICH ON S0l CY USINE Fefy 3~ pys
LA RRNVE S S 8
ra”f-_(."-é(b!_g(';\"'") ISR 2ot | :4'(7‘:';*(‘!'(;)/\!1?
CONT=KCHTHeNY  SEERIML ¥ (DR800 E2) 4182
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) ONOT= (V4B (CreKLIOML) 4KILRCH4K1G2PECIP1537) v a3
"P)Q?“:’.f

NPLAPL=VL /K17

CPIIFH=K*KE/K 1A

£0JNCM=KQ

, 0ABORL=C )

CNDDrN=2 0 .
DRDOC“=*."

CRNNCL=K4¥K12/v1g

DRUDAN=K4/K 14
CETL=DCNNTM¥(QFNCCLAPEDOMN-ORIDCLPDERDEN) *

t DELCV=CNOT* (SPTOCN#DFONAL =DPIJCL*NILELN) /PETY
NELCN=0ACOAN* (PLOTADFDDr N -200T#02020L) 705 T4
DELCL=0CCNTM* (RCCT*IRNTCL=FOUT*NRDICA) /NETY
CM=CHencLow
LCL=CL+CELCL
Ch=ONeDTLON

44 CONTINUE

MISCELLANENUS PARAMETZIRS
AWR=ZALEHA 4L ,5)

| CALL ZTA (CLL,TSyFyETATATL)Y

NEPDAZ 3Ul4 e UPF4(4Q2=2¥F) #TCu (1, J=,2#F) #TC¥42

CLATAIL=3,2r3*CTATATL :

{ ! CLAH=(.11“4.452*F)

- CLW=42641.32%F+0LAUSANN

; > COUWSoLT52¢,2044L5F

) IF (TC.6T45s1) RC TO 22

! CCMICLL==02U" 4,36 ¥TCH(,[22,72%T() ¥F

: GO0 Tr 24

83 DCMOCLL==0Z{34 4 R%(TCoy1)m(4N54,16% (TCmel))*F
24 PFONTINUE
CLAW=CLAWYE?,2G87g
RETAL=SART (1, 0=-M1*¥%2)
XX1=(ARRNM1*%2) /(2,38 (AP¥RETAL42,() *RETAL)
LT=w742%=CC¥30AR :
LFaLTe1,20
COMPUYE D2 IVATIVES REFFRENCED TO STAQILITY AXES
CTUz=3,5%CT
CXU=CTL*COS(A)
CZU=z= (CLL*M1%%2) /(1,-M1%¥2)=CTU*STN ()
CMU=ICMINLL¥(CLL®ML*¥2/ (1, 5=M1¥%2))
£XazCLL=CNA
CZA==CLLA=CC
CMA=CCMOCLL*NLLA
Cxq=ﬂot
N202=2,2¢ETATATL* (LT/CRAR)
NMJz=2,2%TTATAIL* (LT/CPAD) #8D
CXA9=000
CZAD==2,C*ETATAIL*NZFIA* (LT/COAR)
CMAD==2, I¥LTATAIL®NEROA® (L T/CRAR)*#2
4 NMNE==~, 1237%57,20578
) CZRE=+(COAR/LT)Y*CTATAIL*CMOE
CXDEz«, 789 :
PYRZ= (415500 6*F4 (42304 5538%F)¥TC)*57, 20674

G
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CLAZ= (4127080, *Li2¥Fe(f | 264,0 TIG¥F)XALEHA)SET, 20278

PNR= (47 '03T4,5 L1 ¥Fa 0 1R*TR) ¥57,23€78
YF (TReGSeus?) G2 TH 5

¢

v

cya =-.5550.565‘F*(1.b7h-2.Q;E‘F)'TC-(1o7F-2.C3’F)‘T”"?

cLe T e B3 Be  UL YN (0234, NOFF)XTN4(,(Q+GEF) #TCH42

GO TN, ¢

CYNTza, 4 0e,p80%¢

CLOT==, (AU8ey u11F%E4(,L( 0=y 125%F) ¥ (T =,2")
CHAT= (00 20, 0 0E#Fa (24 2*F =0 J075)5TC)*57,29E78
CYNR=, I [46%67,29574
CLDR=(43%ulb~(4 0032178, 0) *ALPHA) #57, 20878
CNDR==,2,1€%57,2¢K78

cYna=.,)

IF (PLLGT41.3) GO T0 11

CLDA==¢ 6U2~e017%F4+,,29% (CLL~+80)

60 Th 12

If ("LLQGT01|2~, -Q TN 1¢

CLNA==, uBlH= D172%F+ (4014044 230¥F) # (CLL=1,3C)
GO T~ 13 '
CLDA==, JF1E=, J11L¥F+, 5293 (0LL~1,21)

CONTINUE ‘

IF (ALFHALCGT.2,.) 0O TO ¢

CNDA= (. u 00834, 1.002%ALPHAY #57,29578

0 1C 2

CNDA=(, 1uILEP4,UNL0125% (ALPHA=2,0) ) ¥57,2a578
CYPzw, (1R7*CLAK=", *A*CYONT* F/N

flLPze &34

CNP==, (9¥CLHK=u515=2, *A¥rNITHLF/R
CYR=z2,r%CNOT

CLR= ¢ 20¥CLW¥(1,4XX1) 44351 3%F=CLR-CYR*2%COS(A) 242/
*$2,0%CN3THCLIT/AYRT

CNRze o (2¥CLW*#2=,7%0D W42, GACNBT*42/CYRT

CORRECTION FOR MACH EFFFATS

47"

IF (Y1.LEse225) £C TO 470
CYB=CYZ®(L4+425%(¥1-,225))
CNE=CNP™ (4 ete2%(Vim,y225))
CYRT=CYRT* (1,4,2%(M1=,225))
CNBT=CNRT* (1,4,4%(Y1=,2728))
CLP=CLF=e12%(M1-,225)
CONTINUZ

TRANSFORM PERIVATIVES YO ROOY AXES

CX=CT+P*CLL-CN

CZ=~(CLL+A%CD)
CXAR=CLL=CDA+A% (CN+CLLA)
CZAR=B* (CLL=CCA)=CN=CLLA
CMA=CH4A+A*CHU
CXUI=CYUCZ2P*A*32.0% (CXA+CZY)
C7UR=C7'I=CXR*A*#24 A% (CXU~CZA)
Cvyn=nry-A2CHa -
CXCP=CXxu=A*C70Q

CZC1=CTC+A*CXN

cMan:=nrn

CXAJ =(XAL=-A®C2AN

CZAY =CZANs p¥CXAN
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CHA3°=§”A”
Cvne~=rdi-avnone .
CZ0Z1=CT70Z+ 290X 0F ;
CMDZa=rynF :
Cyn=Cve
CLA3=CLB=axCYn
CNRO=CMI+ASCLA
rYPAzCYP=A®CYR
CLPASCLP=A% (CL2+0NEY ¢/PNOH NS
CNPA=CAZ=A¥ ("Nh=CLE) =L ¥ ¥8D
CYRB=CYP+A¥CYP
CLRI=CLR=A¥ ("ND=(LO) = NP¥ 32
CNKOR=CNR+AS (CLR4NMNC) «CLP¥A*S?
CYJAn=CYNA
CYNR3I=CYNR
CLOAN=CLCA=A*CNDA
CLORN=CLIR=AL*CANR
CNDAR=CNCA+L2CL"A
CNNIQ=CMIR$A*CLLR
COMPUTE COTCFFICIENT “ATRIX
uo=y '
A=A
Q0=
THN=2TH
Piz0
Rp=R
PHI 1=0H]T
AAL=HC*S*U{/7(2,¥M)
AA2=AAL*UY
AA3=AALZU0
AAU=BHCH#SECEAR /(4 4 *M)
AAS=HO*SHU{*CRAN/(2,%41YY)
AAG=AA5%Y)
QA7=BAC*CPARY/2,
AAB=PHGH*S*R/ (Y, *V)
Af9=REN¥¥Yy ¥
AALi=AAY*Y, /2,
AAli=AAq*rayy,
AA12=1.~R04¥*32 N
AAL3=IXX/IX7=1IX2/127
ARLUETIZ7/IX2=-IX2/7TXX
AAL15=RHO#SH(IARYICHCXAND/ (4o *M)
AAL3=AALS/ANL2
AAL7=1,+AALE*AC/ZUD
AAL8=zRIO*S*UD¥MPAR/ (Lo * M)
AAi?:i.-AA&*!CZA"B-AP'CXADQ)
AA(196)=AA(1;7)=ﬁﬁ(1,$)=fﬂ(1'9)=hﬁ(1,10)=“A(1,12‘=0oﬁ
5A(2,E)=AA(?,7)=&A(2,9)=5A(2,19)=AA(2,12):0.5
‘A(3,9)=Aﬁ(3,1?)=A°(3,12)=?o"
AA(“’1)=ﬂA(“’2)=Aﬁ(0,“)=5ﬁ(“;5)=ﬂu(“96)=900
AA(“,Q)zﬂA(‘Mi.‘=AA("911’=AA(“’12)=000
AA(S,Q)zAA(L97’=AA(5g11)=Uc0
AA(6,2)30A(50Q)=AA(Gy3)=AA(5,9)=AA(G,11’=00C
. AA(T,Z)=A&(7,%)=6A(7,5)=AD(7,€)=ﬂb(7,11)=0o”
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RA(3,1)=80(c,2)=00(3,7)=04(8,0)=0,)
Ba3,99=200(2 0170220 (-, 220 =38 2,020 20 ¢
ﬂ&(*j,i):’“ﬁ(E,?)!ZQ(“.&):\I’;(1,5)355'\3,6)‘2 P
5“(31‘3,33;{‘9'1 "9--"(",1:):‘«'\(?,12):30(
AL (L,1)2 (1012 (2 2CX4CYIP)=h 8.
PLAALER (A9 (2, 80740 7(3) M /U, ) ) 71417
AA(1,2) = (AR CXARa 143 e 2A15¥ANSC2A3) ZAR47
AR(Ly3)=(=AT*UHAALE* (CYPSHOXADNY (1, +884%CZ0C) 7AR12))
*/ANY7
BA(194)=(=5220S(THD) «BAL6*(G*SINITHI)¥CO™ (PHT D) 2UE)) .
VIV TN
RA(L,5)=(Ur*¥RT=NB156%FN) 24017
BACL,8)=00LE*3%COSITH, ) *SIN(PUT) /(U *AALT)
AA(2,1)=(BA2% (2,%C74C71I3=A1 % (2, %OX+LXUO) )
FeN¥ (144478 %2) UV 7A010
AA(2,2)=(AAL*(C2°R-AT¥LY2R)+AT*N ) 2044 ¢C
AA(293)= (1440048240005 (022 1=20%CX0R) ) /0010
RA(2y4)=((C/I2)* (A, *rOS(THL)=SIN(YFO)®COS(PHIG))) Z7AALG
AA(2,5)=(=PLeAL*S) 70010
RA(293)2=((G/UGI*CAS(THE) ¥ QTN (MHIZ)) 28040
RR(R)1)=RASH(2 , #CMeOMUT Y4 2R (2,1)%AA78CuAND
AA(3,2) 203658 AR LD, 2) 2 AATHCHARD
AA(3,2)=0R7% (L V0 48N (2,2)*CMANR)
AA(3y6)zAA(2,4) *AATHCMADD
AA(?,5)=A0(2,5)*AATHMADD
AA(2,E)z((TX7=TIXX)* (=2 ,*IX2*F9) 7IYY
ARG, 7)=((T27=TXX)#D 42 #IX2*RL-FEMET®Y, ) /TYY
AA(3,8)=AA(7,3)#AA % uADD
AA(Y4,?)=C0C(PYTN)
AA(447)==SIN(PFT")
AA(UyB)=~PSTROT#20S(TH)
RACS 1) =RHCH¥SHCY /M= /UL +A3*PI/IUD
RA(S,2)=F)
AA(S L) ==GRSTN(THI)*SIN(FHI) 2V
AA(5,5)=0A1%nyan
AA(5,6)=A03¥CYPR4Y
BA(5,7)=0AR%CYRAY,
AB(5,8)=+G*rOSITHL)*COS (PHIY) ZUN
RA(Gy1)=ANCH (CL/ZIXT+CN/IT7) /0017
AA (A, 3)=(((TXX=TYY)/127+1,) %D
$OUIYY=I27) 7 IXZ=IX2/172) %RV 4PM %0, /127) 70012
AA(6,5) =A01 ¥ (CLER/IYZ+0ONG3I/I22) /74017
AA(5,5)=(AAL1* (CLPA/TXZ+7PR/TIZ22)
FeQC* (1o (IXX=IYY)/I27)) 740013
AACHy7)=(AD11% (CLRO/IYZ4CNRIZIZZ)
*+QUP((TYY=127)/1%2-1Y2/172))7AA43
RA(7 41) =8RG (CN/TXZ+CL/IYX) 70010
BA(7y3)=(CLINX=TYY)/ZIX24IXTZ7IXX)*P Y
YEOUIYY=122) /IXX=1,) %00 et PMaTR,, /IXT) 7AR14
AB(7,5)=AALC* (CNRR/ZTXZ4M YA/TXX) 20014
BA(758)=(AALL* (CNPR/TINTSCLPN/ZTIXX)
FEQTE(IYT/IXN4 (IXX=IYY)/IXZ) ) Z7ARY
AD(7,7V=(AA11% (ONRI/TXZ40LRT/IXX)
FRQO¥((IYY=122)/7TXY=1.)) 70A1Y
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AALA, ) =TAN(TH )RCTIN(FHT )
AA(3,4) =FSTICIT/NNS(THL) =PI*TAN(THY)
BA(R,AR) =1,
RA(3,7)=TAN(TH ) *CNS(PHT )
“AA(9y D) =STIN(CHT ) /OOS(THL)
AA(SyU)=PSICAT*TAM(THN)
AA(9,7)=0S (PHT™)/NNT(THC)
BA(1,11)=(AR2%CYNFALPLIG*AAL*C2NEDR) VAL Y7
AA(2911) = (RLI* (LD ¥AXNENY) /A4S
AAC2411)=0AZ%CVISR+AAT*CVAIR*AN(2,11)
AA(S48L) =000
AAL(S,412) =AAJ*CYNOR
AA (A1) = ((CLOAC/ZIXZ+CNCAD/ZIZ7)*ARL))/Z7AALY
AA(6,1c)=((TLDSI/IXZ+CNOFER/TZ22)%8A015) /70047
RB(7,10)=((CNDAPZIXZ+OLNAZ/ZIXX) *AAL0)/7-ALL
AM(791c) =((CIDRPZINZ+CLO 3/7IXY)*RAL UV /ALY
CALL MFSVAL (9,A8,WN,7FTL,"0, THALF,AREAL)
WHERFT HN IS NATURAL FRTAUSMCY L2874 IS DAMEING
RATIC,PD IS PERIOL,THALF IS TIME TO DAMP TN HALF
AMPLITUDE ANC AREAL IS MATRIY OF TIME
CONSTANTS FCFR ROLLINR ANN SPIRAL MONES
INTZGRATION BY RUATE KUTTA .
THIS ARRANGEMENT RTCCROS EVERY 19TH VALUE
SET INITTAL VALUSS® QF CEATURPATIONS TO 2i&e0Q
N0 4R4 KJ=1,12
454y X(i,KJ)':Q.C
Ti(LY=(, D
T=J.
VALUE CF DFLT USED WOULD PE SPECIFTED HERE
II=1
D0 214 J=i,12
L YO =x(1,I)
48 PONTINUE
D0 316 J=1,1"
21€ CALL RUNGEY (TyMFCOQUNT,CELT,Y)
TI=IT+4 .
Dn 217 J=1,1¢
317 X(II,=Y(Y)
TL(ID) =T
IF (II.L&42%4) GO TO 248
JuJ=11
CONVERT PANIAN MEASURE TO CEARESES
N0 99 Jd=1,JJdJ
11I=JJ .
XIC(IID) =X(JJy 1)
X2(III)=Y(JJ,y2)¥57,29578
X2(ITI)=X(Juy2) ¥ 7,29578
X (IIT)=X(Jeyu)*¥57,26578
XS(IIT)=Y(JJy5)*¥57.2¢578
X6(1IT)=X{JUyB)*¥o7,2057¢8
X7(IIT)sSX(JJy?)%57,29578
X8(IIT)=Y(JJ,8)¥57,20578
X9(I11)=¥(JJyQ)*¥L7,2057R
XKIL(TIII)=X({uJdyl1d)257,209678
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X141 (TTI)2X1uJe11)%37,23771

X12 (TT1) =X (udy 12) ¥57,29674
€3 COMTINUEZ
SUPRCUTINIS §
TATL EFFICTENRY ‘
SUSRCUTING ETA (FLL,TC,FyETATAIL) ¥ y
IF (TC.GT,Lo1u) GO TO 2 y
TF (0LL.GTo1.2%) £9 10 4
ETATAILZ1,u#01025=05*F4(1425=06%F) % (CLL=_,80))*TF
G0 TO & _
1 ETATAILE1,Z4(1.76-074F4 (L 504105%F) (0LL=1420))% (TC-0,10)
0 TC 4 ]"y
2  IF (FLLeNTel422) GC T0 3 '

FTATOIL=14125= o "CR¥F4 (120 "64F )% (CLLwue® M)
X (o0l 10%F+ (423704, F*F)*(CLL=D,R8D)) *TC
60 T L
CTATAIL=14170= 0T *F4 (o 825¢,1250%F) % (CLL~1.20)
Xe(1e78=0d0%F+(o2L25+ 875 #F)*(CLL=1,2C))*(TC=0,10)
L CaMNTINUE
RETUSN
END
RUNSE KUTTA
SURRCUTINTG RUNGEL (T,MECOUNT,CT,4X)
CIMELSICN FL(Q),Pi(G),92(9),“E(Q),X(iz),12(12),XT(12),
P(1e) ’
T0=T
TaT+07
HT=DT
IT=7
0 & I=4,12
X6(I)=X%X(1)
XT(IY=X(T)
ASSISN 6 YC K
<0 70 2.
6 0 7 I=1,9
? XP(I)=2X(1)
ut=1,5%0T
XT(Lr)=xX(1C)
XT(11)=X(41)
XT(42)=%(12)
ASSTGN 9 TC K
60 TC &0
9 no 1¢ I=1,12
10 XT(I)=x(I) °
TT=T +HT
: ASSIAN 11 TC K
29 CALL FOOT (YT, FECOQUNTXTHPD)
ng 21 1=1,9
21 XUI)=XT(I)4. S*LTH*PL(])
CALL FDOT (TT42,5%UTMECOUNT,,YX,PY)
DO 22 T=1,9
22 XUI)oxT(I) amT¥ (2 7L F701%PI(])¢,292489221Q%F1(1))
CALL FOOT (TT4 58N 7,“E0DUNTy X, 22)

(£}

17




ng 23 I=:,¢
GV NI TAT(TI 4RO ((POTLTAVEIM(A2( =S (1) )+ "2 (1))
CALL FoR0 (T17enY TP CUNT Xy 27)
gn 24 v=4,6 ’
3G X(D)=YT(I)4HTH (O (1) 4,60 730438401 (TI4+2,41L21254%F2(])
¥4P2(TI)/6L7
0 TA X,(6,%,11)
11 "0 12 I=1,8
12 X(I)=X(D)+(X(I)=XP(I))/1F,)]
PETURN
END
DERIVATIVES FOR 2LMNGF KUTTA
SUBRCUTINT FN0T (T,“FCOUNTy X,y XDOT)
OIMENSICN XTOT (D) 4X(12)
COMMON AB(0,12)
CONTRAL MEFLLSTICA WCULD "F CPICIFIZN WERF
X(17) IS ATLE™AM,¥(11) IS FLEVATI2,¥(12) IS Ryncee
EXANELEL FCO CNE S ACNJ PULSZ ewe
IF (TQLTQSOLoc:oToGrQBo{) GO 10 26
X(11)=L,4
-0 Y0 77
27 IF (TolTe5,0s0RTeb%edat) O TO 26
X(ld)=bci
60 TC 2?27
2L IF (TelTeBevs0ReTofiF40.L) GO TO 26
Y(12)=..1
GO 17 27
2 X(1J.)=X(14)=X(i2V=3e 2
27 CONTIMUE
"0 1 JU=1,9
X0OT(J)=1,.C
ne 3 J=1,9
N0 2 K=%,4¢
2 XOAT(J) =Y CT(J) +LB (L24K) %X (K)
2 CONTINUE
BDETUYN
END
SUBRCUTINESS TO CFPTERMIMNFE T IGENVALUES
SURRMUTINE FIGVAL (NFeA,WN, 20 TA, PN, THALF 4 AREAL)
CIVINSION B(345)yPSR(Y) gRSI(I),7FTA(T) 4WI(9),PN(D)
DIMINSION AFZAL (2,
DIASASION THALF(S)
DOURLE PIECISICN PA(Y,0)
IF (NE,GT.2) GO TO 160
0S2 (1) =A (145 :
RSI(L)=.,"
6o Te 21¢ ‘
180 0O 100 T=i,NP
N0 1439 J=1,NP |
190 PA(IZJ)=A(I4J) -

CALL CHAED (NFy3,DA, . "yPSR,RSI
200 00 2.0 I=1,AP -
FOCIY=toC : - N

WH(T)=L.0

/

AY
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1

TUALF(T)=,,0
TLCOFETALTVE
I:i ! ' !
217 IF (I.6T,NZ) #C 7C 570 | _
IF (2ST(I)eNZe') GO YO 223 ‘ i
I=I+4
fO TO 71 .
320 WN(I)1=SAT (50 (1) #* ¢2S1(1)**2) , \
7ETALT)==3SFII) /1N(T)
EN(I)=r, 2334367, 713/(uu(1)*s~~711.-7h7n(7>**2>)
THALF(I) =463/ (UN(I) *IFTA(I))
I=T+2 \ .
GO TC 21¢° | .

32, CONTINME ‘ - . ;
K=1 ‘ '
NO 34 T=1,\P '

IF (ST el e e M NLePSHITI N euyl) 241,740

341 AREAL(V) =1,/73R5(F <’(I)) ‘ Co
K= ¢4 \ v

I CONTINGE , '

IF Cu2FAL(Z)WLTWART AL(l)) 42,243 :

242 S1=AE tL(i) , . |
ARSAL (1) =AFEAL (2) ! L
ARTAL(Z)=S1 - '

43 CONTINUE ! ]

PO 37 I=1,8 *
K=T+1 : . !
nog 31 Jzk,c°
IF (WN(I)GEJHN(J) fO TO 21
R1=WN(I)
R2=2ETA(T)
R3=P"(1)
R4y=THALE ()
WNCT) =W ()
ZETA(I)=2ETACY)
ENLTY=FD(J) .
THALF (I)=THALF (J)
WN(J) =R1
7ETA(J) =R2
PD(J)=R?
THALF (J) =RY
71 CONTTNUE
37 CONTTNUE - : ; ,
RETUPN
END ‘
SUSROUTINE C4ARL (NyNVAR,A,CPIT,FR,R])
THIS SURRCUTINE CCHPUTTS THE EIGINYALUSES OF A 2FAL MATRIX,
SYM4FTRIC CP NONSYMMETSTIC, THT INPUT MATSIX IS TRANSFCPMEN BY
QIMILAPITY TCPAMNSFCIMATICONS INTY SHF OF THMI FROCENIOUS FORMS
KWHERL ROW 1 CCKNTAINS ALL RUT THE LTADING GCLEF OF THE
CHARACTERISTIC FCNe THT LEACING GCOSFF IS 1, ACTURACY IS INe
CPLASEN PY MAXIMIZING "IVICNY RY INTE2CHANAING "NWS AND
COLUMNO THT #OO0TS ART SOLYFD USING A D=ALEMFER] LFYMA
WHERE ALL VALUFS I'M A 20W TO THE LEFT CF Twf OIAL AREC LESS

1
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THAN INPUT F=YTFSIC2, ER0GEAM SULTTVINES E£7300 JRING OF TN
CPERETE AN 2 22 M(OE | PWES FOLYANAMIALS YHESE 8
A IS NVAR °Y NUBE CUSLE PIIC MATRIX, N IS 0778 GF MATFIY,
RRy2T ARE STN"AGT ARFAYS, PUIT IS PIVISO? CFIT™RTA (NCOMAL &) -
CHARL USZS FOLYPF,LEVZRT,BALYEY ANT (COSFER
L NIMINSICN A (MVATGNYAR) ,02(1) 4RI (1)
S DOUIALE P ECISICN F2TF(41)
‘ CIMINSTCN Xx(1 )aYY(IO)
QOUNLE =ZICISICON SUMLZDIV,2CH(4u)4COL(10)
, Q COL3Lz EB3SLISICN AyX,YPP
F : c MATRIX NOSMOLIZATICN FOP A SPECIAL CLASS OF FR0OBLEMS
' c IF N GF 20 CIVICE ALL MATRIX SLEMENTS PY 10.0
- IF (N.LT.27) GC TO 31"
0o 3,5U I = 1’N
PO 2rSn J = 14N
3057 A(T4J) = A(IgJ)/710,0
3135 CONTTYNUS
) , JACK=0
b M=N
NR=1
1 L=M
2 v=(~-1
1 , RIG=CRIT
o JJd=13
C FIND LARGEST RNOW ELEMTMT TO LFEFT OF DIAGONAL
) nO 1. J=1,K
YDe = A(LyJ)
AA = JAPS(YrO)
IF (AA.LLeSI%) GO TQ 10

nIG = AA
JJd=J
.10 CONTINUZ
c IF ALL FLEMENTS LEFT OF DIAGONAL ARE LF "RITERIA GO TO
C COMPUTE EZIGENVALUYFS (F PEJUSSL VATRIX
IF (JJe2nu?) GO TN 77
c SHIFT FOHS 81N CCLS IF N CESSARY
IF (JJeENeK) GO TO 40
no 2% J=1,¥

X = AlJdded)
A(JJsd) = A(KyJ)
20 A(v,0)=X
"0 3uv I=1,L
X= A(I,JJ)
AlIysJJd)=A(T,4K)
W A(I,K)=X
4" CONTTYNUZ

c’ MAKS SIMILAKITY TRANSFOR™ATIUN CN MATRIX
DIV=A(L,K)
c ROW IN EFFeCT IS THE LEFT 02 INMVERSE SIMILAPITY MATRIX
c COL IN ZFFECT IS THE RIGHT SIMILARITY MATRIX
CO 4eg J=i,M

ROW(J)=A(L )
42 COoL()=="CLIL)Y/ICIV
coL(V)I=1.,./"7TYV

e
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* {FCA+T) * A WEEFE wny IS KTH POW,I THE IDINTITY MATRIX
CO 52 Ju=i,v
SUv=.,237%
DO 45 I=1,V
4E SUM=SUMEN(]1,]) ¥FCHIT)
&§C A(K,yJ)=CUv
C' (COL+I) * & WHFSE RCOW TS KTH My THE TOEMTTITY MATRIX
FIRWT K WhS LESS «TH  COL,
D0 67 I=1,K.
O 6. J=1,¥
IF (JoEN.K) u0O TN &7
ACT u)=A(I,J) #A(T,4X)*¥COL(J)
60 CONTINUE
c LTH ROW
D0 €5 J=i,v
55 A(L’J)guoun?
c KTH COL
A(LyK)=L,iCC
N0 68 T=1,K
€F A(I,K)=A(I,K)*CCL (K)
Lal=-4
IF (L.¥041) 60 T0 72
0 70 &
c SET UP 70 CCMPUTE RNCTS OF RECUCEC OR FULL MATRIX
70 CONTINUE
IF (LJFNJM) 60 TN 25¢C
CoLo(1) = 1,?
J=1
ne 8. I=L,V
JzJ+i
COCR(U)==A(L,I)
5% CONTINUE
c J PECOMES CFGRES OF FOLYNOMIAL -
J=J=-1
CALL FCLYRF(COZF,JyXY,YY,ICRR)
TF (JERRWNELC) FRINT 135,99 IZRR
1085 FORMAT (1M, 1.Xy213KHPOLRF JERR =,1I8)
c STOGT J RCCTS
00 90 I=1,J
NR=NP+1
RRINI) =XX(D)
gn RI(NR)=YY(D)
IF (N?,G6%.Ah) GO TO 520
MzH=NR
IF (M.EQW1) S0 TO 220
60 TN
c ONF SIGEINVALUE IS A DPIAGONAL ELTMENT
F 230 NP3NRed
: RRINR)=AL(L,L)
PIINTYzy,"
218 TF(NZ4iN.N) G0 TO SLC
JF(L.EC,2) GO TN 220
M=N=-NR .
GO 70 1
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21

N NR=C ¢4

PRINMI=A(4,1)

EI(NZ)=),9

60 Y3 C1°

IF N Go 27 'FULT, ALL BOCTS 3Y 17,1

IF (~elT423) RETURN

N0 18, T = 44w

BRIT) =17,.%22(1)

RICI) =15.2%0(7)

PETUNN -

END

SUBRQUTTNT LEMERT

THIS RQGUTIN: SYSTFMATICEALLY FINCS & ROCT CF A PCLYNOMIAL
USING £ SINMFLE NAGIMNG SCHIMZ AARED ON D=ALEMOERTS LEMMA
COMMCN /NOEFER/8D (L1)9MygX g Y AC,7P,IT,IERNR

DINMENSINYN NELAG(R) ZUIS) yV(B) 4B (5)

JOURLE PRECTSICM FP

EQUIVALENCE (FyF1)y(F(2)yF2) 3 (F(2)4F2)y(P(4),yPU),
*(P(5),°5)

L =1

RR = 2,"
RI = 3,7
SIGN = 1.9
IFLAR 0
JFLAG 3
KFLAR
PEL = T,

ADEL = R,

co £ 1= 1,5

MFLAS(D) =0

IF (1FLAG.LT,5) GO TN 25

IF (JFLAGLGTWo) GO TN 25

IFLAS = 0

TF (YFLAG.LT.3) GO TO 22

RR = RP ¢+ SToN/Z19,0

RI = RI + TIGN/13.0

CIGN = =2,)%IGN

CONTINUE

IF (ARS(RPI)JLE.ls0C) GO TO 22

CIGN = SIGN/7.8

ke STGH/2.%

RI = «3IGN

0 Tn 2¢

KFLAG = KFLEIG ¢ 4 .
DEL = DNEL*CTL

D0FL = DDEL + 1.3

MFLAG(L) = C

60 T 3

IFLAG = IFLAR ¢+ 3

PONTINUE )
CO 4> 1 1,56

TF (NFLAG(I)WNESLL) RO TO 38
X = RR

Y = R}l

Lt 2 I I }

¢
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YE (I+i%.1)
TF (T.77.7)
IF (T.,87eD)
IF (I.50.0)
IF (I.iN.5)
Uu(r) = X
vy = vy
CALL FCLYSV
£(I) = A"
NFLAS(I) = ¢
CONTINUR

IF (JFLAG.CT.27) GC TO 6"

PO 45 T = 1,5

IF (PUT)eOTe 105F=a7) GO TO 413
cCONTINLE

GO TC &7,

NIFL = AMAYI(F1,4F2407,0L,P5)
PIFZ2 = AMIMNI(P1,F2yF3,PUL,P5)
NIF = LIFL - NIF2

IF (U DCIFWBEeLleT) o ANDU(PI LT 147)) GO TO 55
IF (1429 tec) GC TN AD

CIF = NYF/£}

IF (JTFLT4La021)6G0 0 2T

FONT TNUZ

fONT TNUE

CC 7. J = 1,5

T =)

IF (P(J)eFCuvev) 67 TO 2L0

CONTINUE

PIF2 = AMINI(P2,FP2,PL,P5)

IF (F1.06T.CIF2) 60 TC 8¢

IF (CELWLTe130uE=33) RETHRN

PEL = CL.S¥TEL

XX = o + CEL

YY = RI ¢+ CELL

IF (UXXaS0eF™) JAMNDG{YYLENGRT)) RETURN

IF ((XYelQoe52) sANDW(PILENe e2)) RETURN

IF ((RPQINLel) e ANC(RPTIENLYY)) RETURN

IF (JFLAGGRTWL7) 0 Y0 2290

JFLAS = JFLRAG + 1

NFLAG(L) = 1

GO0 TC 25

AMINY = ©2

N =2

DO 3E T=1,8

IF (F(1).GT.AMINY) GO TO 85

N=1T

AMINY = P(])
CONTINULE

L=1

IF (M.ENL.3) L =
TF (ReLRel) L
IF (NT"05) L
NFLAR(LY = ¢
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NFLASIL) = 1
LeL) Ui
ucg) "WIN)
viL) Vi)
P(L) Pl
viy) VIN)
Py P(N)
RP uy)
9 § V(1)
0 TC 13
1. RR = U(I)
PI = v(I)
RETURN
22U lFRRIR=z 2
RETURN
FND
SURRJUTINZ FALYEY
COvMEN /CCEFEE/pﬂfil),“,X,Y,AF,QR,=I
OOULE PRFCISTON PR,y U,V,US
= BR(Y)
V= 5,00 .
0O 2. T =2,¥
us = u
U X¥U «Y¥\ 4PR(I)"
v X%V ¢+ yau3
AP = DARS(U) + CARS(V)
RETURIN
eno
SULRQUTINE FOLYRF (P4 My X, ¥, ITRR)
CCHMON /COEF’QIﬂQ(ll),N,A,E,AF,QP,QIQIEQQQ
NOUBLE PRECITICN P(1)
NIMCNSICN X (1) ,Y(1)
DOULE PRICTSION Py 0y X2, XY
IF ((NoLTe1)40R, (NsGT,25)) GO YO 220
IERR = 9 : '
IERRR= 1
J =1
Moz N
00 §, T = 140
oR(I) = P(T)
10 CONTINUE
IF (NoF2,1) 0 TO ¢
1 coMTINUEG
CALL LEMART
IF (2T4ENeley) GO TO 4O
IF (PR4EN.C,3) 6O To 16
TEST = RI/RP ‘
IF (ABRS(TEST) aLT4%.7.,0001) GO 70 40
1€ COMTINUZ
X{J) = PR
Y(J) = RI
IF (IFRRRJNF,0) RO TO 22¢
IF(JeEN.N) RTTURN :
J=J+1

"
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b X(J) = =2
Y(J) = 3]
; TF(JsEr V) BFTURN
J=J+1
M=zw .2
! X2 = 24N¥RD
XY = «(I0%FED 4 31+9])
nn 22 7 = 2,w
FRUL) = (T + x2#0d(Tay)
FROI+L) = FR(I41) ¢ YY¥PR(]=1)
20 CONTINUE
IF (Y4£0Q42) GO TO t0i¢
GO0 Tn gs
4" CONTINUF
- X(J) = R®
; Y(J) = 3,2
YF (IExRPNEey) 60 TO 27
IF (JobNeN) 2FTUN
Js J o+
M=Me
CO &0 I = 2,M
5t PR(I) = FR(I) + CRAPF(I-1)
IF (M4EN.2) "0 TO 10¢
GO TC 15 ~
130 D = £Q(y)
X(J) = =p3(2)/D
Y(J) = 4,0
i RETU?N
230 PKRINT 1201, N
120C FORMAT(LHuy13%y 3HN =,T4,24HOUTSINZ LIMITS POLYRF)
IERR=1 .
QETURN
220 TERR = IERRR
RETUPN
FND
DATA CARD FOF CGASTANT TERwMs ,
324374 1745.5 132,86 13,71 3.1416 4027, 19,08
END
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Robert G. Lorenz was born on 25 March, 1942, in Miami,
Florida, He graduated from Miami Jackson High School in
June, 1959, and in that same year, entered the United
States Air Force Academy at Colorado Springs, Colorado.
He graduated from the Academy in June, 1963, being awarded
a degree of Bachelor of Science and a commission in the
United States AirlForce. He spent the next six years in
rated duties, amassing 3000 flying hours in the Lockeed
C1l30A Hercules. His last tour of duty prior to entering the
Air Force Institute of Technology in November, 1970, was
as a pilot in the AC130 Gunship.’

Permanent address: u870 S.W., 92nd Avenue

Miami, Florida 33165
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