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AFFDL-TR-78-203

FOREWORD

This work was accompl ished in-house by personnel of the Stability

and Control Branch , Aeromechanics Division , Directorate of Airframe
Subsystems Engineering, Systems Engineering Group, Research and Tech-

nology Divis ion, which has become the Flight Stability and Control
Branch, Fl ight Technology Division , Directorate of Fl ight Systems
Eng ineering, Deputy for Engineering 1 Aeronautical Systems Division ,

ASD/ENFTC. It is applicable to aerospace systems. The initial part of

the work was done between 1 January and 15 February 1965; since then ,

the computer programs have undergone severa l major revisions to reach

their present status. Earlier versions were supplied to Lockheed-

Georgi a, Martin-Baltimore , NASA-Lan gley and AFFTC , Edwards Air Force
Base. The digital work was done at the open shop facilities of the

Systems Eng ineering Group.

• The efforts of Mr. Paul Pietrzak in laying the basic foundation for

this work are greatly appreciated , as well as the efforts of Miss Carol

Scherer for her aid in digital programming and mathematics , and of Mr.
Herbert Hickey for his aid in selecting handling qualities parameters.

Th is report, SEG-TR-66-52, was submitted by the original author ,

John H. Griffin , dur ing October 1966 and was reviewed and approved by

Richard H. Kiepinger , Chief , Aeromechanics Div ision , Directorate of
Airframe , Subsystems En gi neerin g.

-
• Report SEG-TR-66-52 was revised by members of the ASD Reserves for

AFFDL /FGC to reflect numerous changes that have occurred in the computer
program since the original report was written .
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LIST OF SYMBOLS

1. DEFINITION OF ALPHABETICAL SYMBOLS

A = ampl i tude , degrees , degrees/sec , radians , radi ans/sec

A = coefficient of an equation

a 1 = linear acceleration along the ith axis at the C.G. , ft/sec 2

a2 = a~ at a distance from the C .G .

ay = ay at a distance from the C .G .

a = speed of sound , ft/sec

B = coefficient of an equation

b = span , ft

C = coefficient of an equation -;

CG = center of gravity

= mean aerodynamic chord , ft

C. = aerodynami c coefficient, per radian or per degree
1 (1 = L, 0, 1, m, n, . . . )

= derivative of an aerodynami c coefficient C. wi th
j  respect to a function of a variable ,j

- .
- 0 = drag, lbs

D = coefficient of an equation

E = coefficient of an equation

e. = 2. 71828

F = force, lbs

f = frequency , w/2T , cycles per second

• f(i) = function of I

g = acceleration of gravity , ft/sec 2

gs = (g/U0) s in

gc = (g/ U0 ) cos
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LIST OF SYMBOLS (CONTINUED)

h = alti tude , ft

h = moment of momentum, ft-lbs-sec

i = summation index

I = moment of inertia , slugs—ft 2

= moment of inertia about the x—axis , slug ft 2

~ = moment of inertia about the y-axis , slug ft 2

= moment of inerti a about the z-axis , slug ft2

= product of inertia about the xz-axes , slug ft2

• I.~ = moment of inertia about the 1 th input axis
I

= wing i nci dence angle , degrees

j  = summation index

= i:i

K = gain

Kd/Kss = Dutch rol l excitation parameter

k constant

L~ = dimensional stability derivatives , roll axis

L~ = primed dimensional stability derivati ve, roll axi s

L = lift , lbs

• L~ = change in lift due to change in angl e of attack , lbs/deg

lx = distance from CG to point at which acceleration transfer
function will be measured , positi ve forward, ft

2~,l = ro l li ng moment , ft-l bs

m = pitching moment , ft-lbs

= dimensional stability derivative , pitch axis

M = Mach number

m mass , slu gs

vii i
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LIST OF SYMBOLS (CONTIN UED)

mu = 1 mu = .0573 deg

N = normal force , positive toward top of aircraft , lbs

n = loa d factor

n = any positive integer

n = yawing moment , ft-lbs

= load factor response to change in angle of attack

N1 = dimensional stability derivative , yaw axis

= primed dimensional stability deri vati ve , yaw axis

P = period of an oscillation , sec.

p = roll rate , radians/second or degrees/second

= roll hel i x angle , rad i ans

P1 = the fi rst maximum value of roll rate in response to a
control step input

• 
= the fi rst minimum in roll rate following the fi rs t maximum

i n roll rate i n response to a control step i nput

q = pi tch rate , radians/second or degrees/second

= dynamic pressure , lbs/ft2

r 
- 

= yaw rate , radians or degrees per 3econd

S = reference area , ft2

s = Laplacian operator

I = thrust, lbs

T 0~ = undamped Dutch roll mode period , sec

Td = damped Dutch roll mode period , sec
DR

= time to bank to 4 ° of bank angle , sec
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LIST OF SYMBOLS (CONTINUED)

t = time

• U0 
= initial longitudinal velocity alon g the axis of the

stability axes , ft/sec

u = perturbation longitudinal velocity , ft/sec

V = total velocity , ft/sec

V = perturbation side velocity , ft/sec

W = gross weight , lbs

W = total vertical velocity along Z axis of the stability
axes, ft/sec

w = perturbation vertical velocity , ft/sec

• X = axial force, positive forward , lbs

X .~ = dimensional stability derivative

x = reference axis or direction

y = side force , positive to pilot s right , lbs

= dimensional stability derivative

y reference axis or direction

2 = - N

21 
- = dimensional stability derivative

z = reference axis or direction

z~ 
- 

= perpendicular distance In the X-Z p lane from the CG to the
thrust line , positive down , ft

ci. = ang le of attack , positive nose up, degrees

~A ’ ~I’~x = reference axis angles , (A=aero, I=inertia l , X=output)

= wing angle of attack , degrees

= angle of si desli p, posit i ve nose left , degrees

~ ‘MA x 
= maximum sideslip excursion occurring in 2 seconds or one-

half the Dutch rol l period , whichever is greater, for a
step aileron input , degrees

x



________________________________________________________________

AFFDL-TR-78-203

LIST OF SYMBOLS (CONTINUED)

r = flight path inclination angle , posit ive up , degrees

= denominator of a transfer function

y = perturbation flight path angle , degrees

cS = control deflection, radians

= rol l control deflection , positive when producing righta wing down rolling moment

tSr 
= di rectional control deflection , positive when producing

positive side force and nose righ t rotation

damping ratio

damping ratio of the c
~
/tSa transfer function numeratorquadratic

0 = pitch attitude , positive up, degrees

• = angle between body and thrust axes , positive for thrust
component up, degrees

= 3.1416

p = air density , slugs/ft3

a = real part of complex root, 1/sec

T = time constant of the 1 th mode of motion , time to 0.63
• amplitude , seconds C i  = R, 5, etc.)

= bank angle , positive ri ght wing down , degrees

~)/ ~ magni tude of the ratio of the free Dutch roll osci llat i on
in bank angle to the free Dutch roll oscillation in sides lip

= headi ng angle , positive nose right , degrees

= phase angle of the Dutch roll oscillation in sideslip, degrees
• = phase angle of the Dutch roll oscillation in roll rate, degrees

= phase angle between the free Dutch roll oscillations in roll
rate and sideslip, degrees .

frequency, 2rrf, radi ans per second

w = Imaginary part of complex root, radians/sec

xl
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LIST OF SYMBOLS (CONTINUED)

~DR1WnDR,
WD 

= undamped natural frequency of the Dutch roll mode,
radians/sec.

= damped natural frequency of the Dutch roll mode, radi ans
DR per second.

w5p,wfl 
= undamped natural frequency of the short period mode ,

SP radians per second.

= undamped natural frequency of the 0/isa transfer function
numerator quadrat i c, 1/sec.

Subscrip ts

o = initial condition

1 , 2 = sequence of sum variable

1/2 = one half
S.’2 = doub le

1/10 = one tenth

10 = ten times

A = aileron

a = accelerat ion

CL = closed loop

0 = Dutch roll mode (also OR)

O = denominator

e = elevator

e = equivalent (as in Ve)

h = altitude

= any independent variable

j  = any independent variable

N = numerator

n = natural

= natural damped

xii
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Subscri pts (Conci uded)

p = phugoid mode

p = rol l rate

q = pitch rate

r = yaw rate (1/T r as In yaw rate transfer function)

R = rudder (as in

R = roll mode (as in T R )

RPM = revolutions per minute (engine speed)

S -= spiral mode (as in

SB = speed brake

sp = short period mode

I = thrust

u = longitudinal velocity

v = side velocity

w = verti cal veloc ity

x ,y, and z = reference axes

is = control deflection

osc = oscillatory portion of component of an ai rplane response to a
-: step control input

av = average response of an airplane to a step control input

Superscri pts

() = time rate of change

= prime

(‘
~) = caret - ( )/u0

Other nomenclature is defined at the point of use.
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SYMBOLS (CONTI NUED)
2. DEFINITION OF AERODYNAMIC COEFFICIENTS

CD 
S .1c?~

_ 
C

:::: LM 2
~~~~~

ÔC Dc,.~ — UC La ôt’i C, —

a
ÔC D

• C0 
: a 

c - 
CLa ak~~-, L6 

- ____

2U

C - “ ac
• ~~~ C =

• ~2U0 i 
L~

2L I~
-

• C - —a.D
8 ö81 C1~ -

~~~~~~~~

Z
I 

•T
CmT ~~~ ~~~~~~~

- 
M U0 ÔC mCm - j Cm M

ac m
Cm :

u oN

Cm~~~
t m 

S
OC mCm . = 

0(.~L\ _____t2U0! Cy
1A 

=

2U0
Cm 2 

C - _ Y
- _____

~2 U0
Cm 5

~~~~~~~~~~ 
C
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SYMBOLS (CONTINUED)

a c ac tC n
n

.
: -.i5•j. C, : -

~~~~~~

•-

• • ac ac
c : ~-.41~. c . =

• 
n~~ 
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u
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~~~~~ 
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t 2U0) %2U 0

c - 
0C 15 

c -n~~~~ 4 08

• ~~SU N -psu:• = ° ( C 0 + 
~~~~ 
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) 

2m (C L3
)

pSU pSU0~ NX = 
2m 

° ( C L — C0 ) s 
~ 

(.Cm + j- C m )

_ _ _ _  

pSU~~X . z  ‘ ( C )  U4m D
~ 

W 2Z~~ m~
.-pSU T pS~~

t
X q 4m 

(C oq
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ei~~ 
Cmâ

-psu: pSU~~
2m (C 08
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~~~~ ~~~

-pSU pSU~~zu S 
~~ 
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~~~
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~~~ 
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8
.-pSU

Z S
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1*2N .+— L .
- 

pSU 0 -
- 

2m C~~ 
•
1 - 

—

- 
pSb ‘~~Y v - 

~ + N-
pSU0b 

~ I~j =
V 4m Y~

pSU~b 
~~ 

— _____

4m Yp

= 
PU0 S~~ A 

-
8 2m ‘8 Yr -

2
- 

pSU0 b A Y p
- 

2’~~ 
=

N . = 
pSU0b2 

c -$ 41 zz ~I3 8 -

pSU b2
N = 0 C~r r

pSU b2
N = ° Cp 4 I zz ~p

pSU0
2 b

N
8 21~~ 

C fl

pSU 2 b
L = ~ C$ 2I~~ ~~pSU0b2

C .
4I~~ t13

L - 
pSU0 b2 

~r - 

~~~~ l
~

pSU0 b2
= 

41
ps u:b

L = Ca8 2I~~ ~~
• pS U

I ° C
2m L0
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SYMBOLS (CONTINUED)

3. CONVERSION OF COMPUTER SYMBOLS TO ENGINEERING SYMBOLS

A = A 1 coefficient of an equation CAYP = C
a
l

AAYP = Aai CB =

AB = A~ 
CL = CL

AH = Ah 
CLA = CL

ALFAA = aA 
CLAD = C1

ALFAI = a• I CLB = C 1
ALFAX = aX 

B

ALPHA = a, ang le of at t ack CLUD = C 1~

ANGLE P/ B — 3 P/~ CLDA = C1
AP = A ~
AR = Ar CLDE = CL
AT = A0

: Au CLDR CliSr

t W 
CLM = C

AZ = a
~ 

LM

B = B1, coefficient CLP = C1
B = b , span

CLQ = C
BAYP = Ba t Lq

y
BB = B CLR = C1B r

BP = B CMT = CP mthrust
BR = Br CNB = C

B(T)  = B(t )

• C = C , coeffici ent CNBD = Cn
B

xvi i
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SYMBOLS ( CONTINUED)

CNDA = C,., G = g, acceleration of gravity
isa 

GAMA =
CNDR = C

GWT = W , gross weight
r

IX = I
CNP = C x

“p IXB = (Ix) body axis

CNR = C IXI = IXI
IXS = (I ) stability axis

- x IXZ = 

~~CYB = ~~ IXZI = ‘xZI

CYBD = C~~ 
12 =

y

CYDA = C
KB = K

B
CYDR = C KBR = K

BRr
CYP = C KBS = KBs
CYR = Cyr 

KD/KSS = Kd/KSS

D = 0, coefficient KP =

DAYP = 0a~, 
KPR = KPR

DB = D
8 

KPS =

• OBMAX = 
~
BMAx /UNIT STEP LA = L

= 
LBD =E E, coefficient B

EAYP = Eai 
LBDP =

LBP =
FAYP = Fa t

y
xvi i i
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SYMBOLS (CONTINUED)

LDA = Lis NBP = Nt
a

LD4A P = L i;a 
NDA = NISa

LOR = LISr 
NOAP = N

~S a

LDRP = L’ NOR
tSr r

LP = L~ 
NDRP = NtSr

LPP = L~ t NP =

LR = L NPP =

LRP = L~ NR = N

LX = l
~ 

NRP =

MAC = P2/Pl = p2/p1
-

• MACH = Mac h number PHIA q (tA )

MD = Mis PHI OSC/PHI AV =• osc A’!
-

. - 
MKBPDR = I K ~~~I POSC/PAV = 

~osc
”1’ave

MKPPDR = 1K , PSIB =

• DR
PSIBP =

• MU = M
~ 

B

PSIP =

MWD = M.
W 

P(T) = p(t)
NB = N

8 RHO = p

NBD = N~ S = S~, (reference area)

NBDP = N SPAN = b

B

xix
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SYMBOLS (CONCLUDED )

TDDR = Td YDA = Y
DR isa

TDR = TDR YDR = Yisr
TOT = I 

-tSRPM YP -

TR = TR YR =

TS = TS ZD =

1/TR = tr 
ZDR = 

~DR

1/TAVI = (1k ) ZP =
ay 1

ZSP
U = U  P

V = v ZT =

VE = Vequiva lent 2W = Z~

WDDR =
DR

WDR = WDR

WP =

WPH I/WDR =

WSP = nS P

XQ = Xq 
• 

-

X U = X

YB = V
8

YBD = Y~

xx
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SECTION I

INTRODUCTION
During the initial design phases of an aircraft or missile system ,

the aerodynami c characteristics of the airframe can be estimated to

determine whether or not the approach being taken to meet the design
objectives is correct. As the design progresses , the data must be

more refined with more accurate airframe characteristi cs. The preliminary
estimation methods are no longer acceptable. The methods for calculating
the airframe characteristics used in defining the handling-qualities
parameters for the fi nal design are long and comp lex. In fact , they
are so much so that a computer analysis is a necessity for today ’ s systems .
Therefore , these computer programs have been prepared for the solution of
the longitudinal and lateral-di recti onal equations of motion , each a

• separate entity and each consisting of three degrees of freedom . These
computer programs are presented in this report . The longitudinal and
lateral—directional modes are assumed to be uncoupled and the equations
are linearized .

• Handling-qualities information was a prime requirement for this study .
Wh en the equations were solved and programmed , therefore , considera ble effort

was devoted toward decreasing the amount of time spent in calculating such

• parameters as wn/La~ “z ’  4~
/V

e~ 
and w1~/ w0. Many handling-qualities

parameters are presented , but many others had to be excluded because a
tremendous amount of input data would be required to define all the
parameters . The two computer programs presented herein are complete
Fortran IV programs.
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SECTION II

DISCUSSION OF EQUATIONS OF MOTION

The derivation of the equations of motion is based on the classical

method -- Newton ’s laws of motion referenced to an axis fixed in space.
Newton ’s l aws state that the force acti ng on a body is equal to the
time rate of change of momentum , and the torque applied to the body is
equal to the time rate of change of the moment of momentum. This can

be stated mathematically for the reference system shown in Figure 1 as

follows :

(1)

~
,

dt 
m

(2)
( m V ~

= 
~~

j- ( m W )  (3)

dt (4)

Z:~~ 
(5)

(6)

This report will proceed no further with the fundamental derivation of

the equati ons of moti on; numerous reports have treated th is subject, such
as Reference 1. Further discussion in the use of these equations is

broken into two sections , lon gitudinal and latera l —directional.

2
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x

VT I T~~~~~~~~~~~~~~

Figure 1. Reference Inertial Ax is and Associated Airframe Motion

1. LONGITUDINAL MOTION

The lineari zed longitudinal equations of motion are IF
~
, ~~~ and ZM

(Appendix A , Equations A- i , A-2 , and A -3).  The equations appl y to an
operating point in steady unaccelerated flight. To define the basic air-
frame characteristics in terms of mode damping and frequency , etc., the
characteristic equation is derived (see Appendix A) with the final form

A s
4 +8 s

3 +C s
2 + Ds +E 0 (7)

The- solution to this equation yields four roots. For the most common case,
the solution is in the form

(S t +2~ W n S+W n
t ) p (S 2 +2C W n S+w n

t ) 1p (8)

where the subscripts p and sp represent phugold and short period modes,
respectively. The characteristics (r~ and w) specify the controls-fixed
motion when the airframe Is subjected to ~ unit Impulse at t 0.

3
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Once the coefficients of Equation 7 are calculated , the roots of the
equation can be extracted by using the standard airframe approximation
(References 1 and 2), by either Lin ’s method or an equivalent method of
factoring or by a digital computer. Lin ’s method is long and tedious ,
even if certain simplifying assumptions can be used. To complicate
matters, the performance values for most of today ’s aircraf t do not lie
within the range of validity for the approximations used in previous studies
(Reference 2), which would make this method ineffective . A computer
solut i on , however , is a very practical answer to the problem because:
(1) many flight regimes can be examined in the same amount of time that
previously was required for one , and (2) the exact values for the roots and
characteristics are found. The computer programs presented in this
report are written to yield the exact solution .

The solution to the characteristic equati on yiel ds much i nformation
about the ai rframe, but more information is provided if specific control

• inputs are used by solving for the transfer functions of the airframe .
Three basic transfer functions are derived in Appendix B. These are
a(s)/ise(s), 0(s)/ise(s)~ and u(s)/se(s). These transfer functions not
only provide valuable information for design and optimization of the
automatic flight control system but are a source of handling —qualities
information . As an example , several reports (References 3 and 4) discuss
the importance of the time constant in the numera tor of the pi tch attitude
to elevator deflection transfer function .

From the three basic transfer functions a, 0, and u , many others can
be derived. For example , rate of climb, altitude , and vertical acceleration
responses can easily be derived by combining these three basic transfer
functions. The altitude per delta elevator transfer function is included in
the program for the longi tudi nal transfer func tions; th i s program can be
used as an example for deriving the others.

4
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Assuming that u(o~) 
= e(o~) = w ( o~) = 0,

the equation for rate of cl imb is , for s in r

h = u F  (9)

But U = U0 
+ u  and r =  + so~

= ( U 0+ u) (  r0+ ,..1 = U0r0+ r u + u07 (lo) *

However , w i th p = 0, y = 0-a, so

= u0r0 +F0 u — u 0a + u0e (11)

Letting a = w/U0, Equation 11 becomes

h = U0~~~+I u w + U0 6 (12)

Taking the Laplace transform yields

sb(s) = 
U0r0 

~~ u (s )— w ( s ) +U 09(s ) (13)

The condi tions for the alti tude transfer func ti on presen ted in the
computer p rogram are F0 = 0, and initial steady flight at the operating

po i nt. Thus , Equat ion 13 can be expresse d as

sb (s) = ( u0 .
~~.9- — 8(s) (14)

Now, expressing 8(s) and .! ~L!! in the general form
B(s) B(s)

(15)
As~ + Bs~~’ 4 • ~~

one can wr i te (no te the free $ i n the denom i nator)

h(s ) 
- 

A h $
3+Bh5

2+C hS+D h (16)
B (s )  

- 

s ( A s 4 +8s 3 +Cs 2 +Ds +E)

*The term u-y is neglected because it is the product of small perturbations.

5
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where the numerator coefficients are combinations of the 0(s)/is(s)

and w(s)/5(s) ansfer functions and the denominator coefficients are

from the longitudinal characteristic equation .

The numerator coefficients are

—z 8 ( 1 7)

8h = X 8 Z u +Z 8
(X u +Mq +U0 MI ) M 8 (U0 Z I+Zq ) (18)

C h X 8 (M q Z u Mu Zq +U0 Zu M I M u U0 ZI)

+ Z 8 (M u X q X u Mq +Mu Uo XI+U0 Mw X u U0 MI)

+ M~~(X u Z q _ Z u X q +X u Uo Z i Z uUo X w LJo Z i) (19) -
•

Dh X 8 (Z U UO M W — M U UO Z W )

+ Z 8 ( - g M u --X u Uo Mw +M u Uo X~~
)

+ M8 ( g Z u +X u Uo Z~~— Z ~ Uo X~~
) (20)

and are valid only when = 0.

The coefficients of the denominator , or characteristic equation ,

are as follows :

A :  I — Z ,, (21)

B _ A ( X ~~+M q ) Z ~~_ Mi (Uo +Z q )_ Z u X w 
(22)

C xu[MqA+zw+Ma (uo4zq)]_M u [xi1uo1 q)4~~q~’]

+M q Z w +Z u (Xj Mq X w Mw X q )+
~1i95~’~ 

ro — M w (IJ o +Z q ) (23)

6
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D g sin rO (x W MU+M W _x U MW~+~~CO$ r0 (Z ~ M_ +M~~~)

+Mu[X q Z w _ X w (Uo +Z q )] +Z~(Mq x~ _ M~~x q )

+x u{ M w (uo+z q ) _ M q zw] (24)

E g Co. Fo (Z u Nw —M u Z~ )+g sin ro (M u x w — M w x )  (25)

The rate of climb and the acceleration transfe r functions can be found from
the attitude transfer function , by successive differentation

44 ’) • .~dj..(h);.~~!~~s s j~’~f (26)

The resul t is to remove a root of zero. For acceleration , there are two
additional poles at zero in the transfer function for acceleration at the
center of gravity (CG)1 but for the case where acceleration is desired at a
spec i fic point on the aircraft , the a

~ 
transfe r function become s different

from an s multiple of Nh. For acceleration at some point different from
the CG where a =

ZCG

°Z ~~~~~~~~~~~~~~~~~~~~~~ 
(27)

(a
~ is positiv e downward).

so

~~~~~ — 
.‘e~8~s) 

(28)84.) B(s ) 8(s )

or

01 $ — U —I 21!!84.) “ 81.) ° 84.) ~ ~
(
~) (29)

This transfer function is programed but Is printed Out only when is
different from zero.

7 
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Some of the more subtle characteristics of the equations are :

1) They cannot be used to obtain the basic airframe characteristics
while the aircraft is in a steady pull-up and the load factor is greater

than 1.0 because the terms involving Q0 have been deleted. While it
would be desirable to determine the airframe ’ s characteristics under
load , even if the equations could accept the necessary inputs, the

aerodynami c coefficients would have to be corrected for aeroelasticity

under load.

2) Initial conditions of any angle greater than 15 degrees inject
errors of greater than 1%. For the sine error at 150

15/57 .3—sin  15°% error = 
_______________ 

= 1 .13% (30)

For the cosine error at 15°

0
I — cos 15% error = cos 15° = (31)

The tangent error is -2.36%. Thus the small angle assumption
• injects as much as 3.5% error at 15° of a0 or F0, wh ich should be the

max imum error in any of the airframe characteristics. This is not

considered an unacceptable level of error since aircraft flight angles

• are generally less than 15° and the basic aerodynamic data is seldom

accurate within 3%.

3) The equation cannot be used for time and motion studies involving

l arge angles because both small angles and small perturbations were

assume d and these may not be small during a dynamic simulation .

Programming for the longitudinal equations is discussed
further in Section III.

8
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2. LATERAL-DIRECTIONAL MOTION

The lateral-directional equations Of motion are derived from EF~~
EL , and EN and are presented in Appendix C as Equation C-I , C-2, and
C-3. The characteristic equation , which Is a quinti c, (with a root
at s = 0) and the transfer functions are derived in the same manner as
the lon gitudinal equations or motion .

The three basic transfer functions are 8 (s ) / i s (s ) ,  ~(s)/ 6 (s) ,  and
r (s)/ 5 (s) ,  where r(s)/is(s) is s~ (s)/is(s). A fourth transfer function

is also included and is similar to az(s) /Se(s) in that it
is deri ved from the three basic transfer functions (see Appendix II).
The transfer functions are presented for both control deflections,
i.e., a i leron and rudder.

One primary handling-qualities parameter , the w~/w0 ratio , is
calcula ted from the Dutch roll frequency and the frequency of the

numera tor of the rol l angle transfer function . No approximations
are used (see Appendix C).

Two of the three equations are selected and solved simultaneously
for the ~ to B ratio. Since this is a complex vector (or phasor), the
magnitude c

~~ I / I B I i s the square root of the sum of the squares of the
real and imaginary parts of the numerator and demoninator. This is
shown in detail in Appendix C).

Time to 1/2 amplitude and time to double amplitude for the roll

an d spiral modes are not calculated. These calculations could be inserted

at the expense of time and effort, but they are straightforward and are

easily calculated. For the value of T1/2 or T2~ for an aperiodic mode,
simply multiply the time constant by 0.693. The derivations are given

in Appendix 0.

3. ASSUMPTIONS FOR THE EQUATIONS OF MOTION

1) The airframe is assumed to be a rigid body at constant mass

and

2) The earth is planar and fixed in space , and the earth ’ s atmos-
phere is fixed with respect to the earth .

9

• ---- —- ---‘ ‘- ~- - • • • -- ,-—-—— -,- -- - -~~ - •-, -•• •- •~ - •---.-.— •—-, - •



- _ ..-_- -----_ ---—.—_n_--,--- -_ • _ __ —U

AFFDL-TR-78-203

3) Rate of change of mass with respect to time is zero.

4) The XZ plane is a plane of symmetry.

5) The disturbances from the steady flight condition are sufficiently

small to neglect products and squares of the changes in velocities when
compared to the total values. Also , chanyes in air density during a

di sturbance are zero .

6) The airframe is initially wings l evel , and the only nonzero

initial velocity is U0. (V 0 = W0 
= 0 defines stability axes; but in

some lateral-directional options , output is provided in any desired

symmetrical body areas.

7) Vehicle motions are slow enough that unsteady aerodynamic
effects can be ignored .

8) Longitudinal motion does not induce lateral-directional motion .

9) The change in thrust with respect to velocity is linear.

10) No atmospheric disturbances occur. In the presence of a steady
wind , mot i on i s calcula ted w i th res pect to the a ir mass .

10
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SECTION III

DISCUSSION OF THE COMPUTER PROGRAMS

Two separate computer programs are shown , one for the three-degree-
of-freedom longitudinal characteristic equation and five transfer functions,
and one for the three-degree-of-freedom lateral-directional characteristic
equation and four transfer functions. Both programs are written in
Fortran IV language for the CDC 6600/CYBER 76 computers. The programs
contain the Fortran subroutine DMULR (double-precision MULER) which is used
to calculate the roots of the equations. In addition , the longitudinal
program contains a Fortran subroutine called FRQCK (Frequency Check).
The forms for the inputs and outputs of the two programs are similar and
the same basic programing method was used.

1. LONGITUDINAL PROGRAM

a. General

The lon gitudinal program accepts data in several forms, and

outputs in the form of airframe characteristics and transfer functions.
The roots of the equations , associated mode time constants , damping,
and frequency, and the coefficients of the equations are also printed

• on output. An example of the output is shown on pages 103 through 110.

The fol l owing step-by-step explanation of what the program does
will help to explain the program ’s operation, input , and output.

• (1) To run the program , prepare a set of aerodynamic data
of the type shown in Table 1. Column 4 of Table 1 lists the data
identification numbers associated with each data type; the identification
number for the specific data type must appear in Columns 1, 2, and 3 of
the first data card for each run. For further explanation of the input
data card , see Figure 3.

I -

11 
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TABLE 1

LONGITUDINAL INPUT DATA

Data Iden—• tification
Data Type Units Axis Number Option

Dimensional ft, sec , radian stability 0 0 0

Nondimensional al l per rad ian stabi lity 1 0 0

all per degree stability 1 0 1

a, S per degree stability 1 0 2 Derivative mix
~~ q per rad ian

all per radian stability 1 0 5 Namelist

all per degree stability 1 0 6 Namelist

a, S per degree stability 1 0 7 Name list
6., q per radian

all per radian body 1 1 0

all per degree body 1 1 1

a, S per degree body 1 1 2 Derivative mix
& , q per radian

all per radian body 1 1 5 Name list

all per degree body 1 1 6 Namelist

a, S per degree body 1 1 7 Namelist
6., q per radian

Coupling numerators are obtained by adding 5 to the first digit of the
• data identification number; for example , 500 is the new data i dentifi-

cation number for dimensional stability data in radians.

12
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(2) The data are read and converted , if necessary , to dimen-
sional stability axis data . The i nput data and the dimensional data are
printed on output to allow a rapid check for errors in the input data .
Printing the input data and converting it to the proper form takes
the first 170 cards (see the program listing).

(3) The next operat ion i s to calculate the coe ffic ients of
the denominator (characteristic equation ) and then to call the sub-
routine DMULR to calculate the roots of an nth order equation .

A feature of thi s su brout i ne i s that the ac tual loca ti on of
the root in the complex plane is found for both the first and second
order fac tor . For examp le , a firs t order factor has the form

(~~~+.~~ ) :  0 (32)

• 
- 

and the solut i on or root i s

• s _4.. (33)

• It is in the latter form that DMULR calculates the solutions. Complex
pairs are in the form

s = —~~w~~±w~ kJ~ ? i (34)

when the values for the roots are printed on the output sheet.

The first order factor root will be printed as seen in Equation 33.

Thus, negative roots are stable because they lie in the left half of
the complex s-plane.

13
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(4) After the roots are printed out, the program must choose
the proper flow sequence in which to print the characteristics (ç, w,

l/t , C1,2, etc.) in the proper place with the proper labeling. Once
the proper flow has been chosen , the program calculates the basic

a i rframe character ist i cs for the out put. Choos ing the proper flow
sequence and calculatin g the values on the first page of the output

uses car ds 243 th rough 344 p lus the subrou ti ne frequency check ,
FRQCK . FRQCK is used for the case in which one of the normally

second-order modes of the denominator (short period or phugoid) com-

bines into two real time constants instead of the classical complex
conjugates. Frequency check then compares the frequency of the one
remaining second order mode with that of the normal velocity transfer

funct i on numera tor . The theory here in i s based on the knowle dge that
the short—period-mode variables are primarily ci. and 0, while the phugoid

mode variables are u plus 0 or F. During a longitudinal oscillation ,

normal velocity will vary because of the phugoid contribution of Ui’ and
the short period contribution of UB , plus CL effects. The contribution of

UI’ is usually more significant than any short period effects , so the
frequency of the normal velocity numerator should be somewhere in the

neighborhood of the phugoid frequency . Thus , the complex conjugate

frequency of the characteristic equation is compared with that of the

W ( S ) / S e
(S) transfer function numerator , and if it lies within 40% of the

w (s)/Se(s) frequency , it is assumed to be the phugoid mode . Once this
i nforma ti on i s known , the proper wr ite se quence can be chosen .

(5) After the denominator characteristics are calculated and
printed on output , the transfer functions are calculated in much the
same way. Once the program has finished with one set of data , it goes
back to the beginning of the program , reads the next set of data , and

starts all over again for this next run. The second and any successive runs
need not be the same type of data as any ot her run because eac h set of
data is identified as shown in Table 1.

14
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b. Input Parameters

The longitudinal input parameters are straightforward and are
based on the definitions in Reference 1. An ex p lanat ion of some of
the parameters however, will aid in their use. H

Note from Table 2 that the acceleration of gravity is a required
input. This parameter varies with altitude to an extent that at very
high altitudes its variation should be taken into account. At 100,000
feet, an al ti tude no longer considere d unatta i nab le, the error resul ting
from us ing the sea level value is 9.45%.

The distance from the CG to the thrust line , z~, is included;
it af fec ts the characteristic equati on only through it s influence on
M , and i t also affects the numerator characteristics if T is specified.
The parameter z~ is seen in the equation for M5:

pSU 0 Z 
______• = 

21 
C m~ + (35 )

yy 0 yy

• The parame ter T 5 , or the change in thrust with throttle deflection
T

(or RPM), affects the terms X5, Z5, and

pSU 0
2 cos ( C + a )  (36)

• X
8~~~~

— 
2m 

C D + T & m

t .pSU 0 si n ( C+ a)
— 

2m 
C L 8~ TB m (37)

15 
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Thus , if T6 , ~, and zt are specified , the transfer functions are notT
totally eleva tor terms but i nclude the thrust effec ts. If only the
eleva tor terms are desire d , specify his 

= zt = 0 and input CLt S
C0 , and Cm . If the trans fer funct ions wi th res pec t to thrust are

S S
desired , set C1• = CD = C = 0 and define T~ , ~, and z~. Note that

~ 
m5 uT

i t doesn ’t mat ter what di mensions are use d for T~ because the trans ferUT
function that results is a ratio; as long as the ratio is multiplied

by the correct units, the equality is not destroyed. Thus

x &.~.(S) = B(s) (38)

and as long as the two 51(s ) ’s have the same unit s , continuity is

assure d.

The term ~ is the angle of inclination of the thrust axis with

respect to the body axis and is defined by Figure 2.

T 
_____________ 

FR L

AX g
~

Figure 2. Definition of ~

16
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C and C are the trim values and Cm is defined as
L 0 T

z
C m 1 

(39)

.5~t { C D /c os I~~+a~s + C L t a n 1 C + a ) }  (40)

where T, the thrust , at trim in rectilinear fligh t is

T~~~Co /cos (~~+a )+C Ltan (
~~+a ) (41)

The Mach num ber derivat ives are used in the program as Opposed to
the u derivatives . By definition in Reference 1

U ôc
L u T 

~~7 
- T

Thus , when C (or C~ or C ) are set In the program , they areLM M M mM
multiplied by ~ to evaluate the u derivatives before the calculations

proceed . If no Mach derivatives are used, the value for H can be zero.

The angle of attack input is used only in the calculati on of

X5 and M~ as seen in Equations 36 and 37; a can be zero if T~ i s zero .U
A flight path angle of more than 15° should not be specified because

of the small-angle assumption .

The variable is included In case the acceleration transfer

function is desired at some point other than the CG. The sign on is

positive for points forward of the CG and its magnitude is measured

in feet.

17
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For body axi s derivatives, the angle of attack i s necessar y as the
programs convert all data to the stability axis. Other than that, the

previous discussion is valid.

For the dimensional input data , the last three values , Ve~ 
La~

an d n
~ 

are not needed to obta i n the denom i nator and numerator
a

solutions. The values will be printed out if non-dimensional data are

use d , since all the values necessary for these calculations are

available.

c. Input Data

The method for inserting input data is similar for both programs .

In the example , Figure 3, longitudinal , nondimensional stability axis

der i vat i ves ~re given in units of 1/radian. From Table 1, the data
• identification number is 100, and this number must appear in Colums 1

2, and 3, respectively, of the first card of each data set (See Figure 3).

To get longitudinal coupling numerators , make the number in column 1 ,

card 1 , 5 greater - use S instead of 0, or 6 instead of 1. Col umns

4, 5, and 6 are reserved for the run number; this number may be in any

alphanumeric format desired. In this example the number is 15A .
Columns 7 through 72 inclusive are used to write anything required to

• identify the run , suc h as the al ti tude , date , or aircraft. Columns 73

• through 80 are used for sequencing the cards ; these columns are not

read by the machine and are used only to identify the card and run

number. In the example, the first card is labelled LONG15A1 , which

means that this is the first card of run 15A , and presents longitudinal

data . Card 1 is not included in Table 2. The format of card 1 is
the same for all data types. It must be present and contain the data

identification numbers in columns 1 through 3. Cards 2 through 7

present the data , and each number shown in Figure 3 corresponds to the

parameter included in Table 2 for data type 100. Each datum must

appear somewhere in the assigned 12 spaces ; therefore , the value for
CL mus t a ppear on the four th car d and mus t be entirely con ta i ned

within Columns 37 through 48. Thus, the value for CL of run number

l5A in Figure 2 is 6.3 per radian. 
q
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TABLE 2

LONGITUDINAL INPUT FORMATS
Stability axis , nond imensional

100 = per radian
101 = er degree 

_________ __________ _______________ _______ ______

• 
1 1 3  2 5  37  t~9 61  73

S(ft2) ~ (ft) M U(ft/sec) p(slugs/ft ) g Card 2

W(l bs ) I~ (slu9~ft
2
) zt(ft) ~~

(ft) T51
= 

5Thr ot tle ~~g) 
Card 3

CL CL CL CL CL 
CL Card 4

a 
_________ 

q 5e M

CD CD CD C0 CD C0 Card 5
ci. 

_________ 
q 6e M

C~ Cm Cm. Cm Cm Cm Card 6
T qSc a a q 5e H

c~(deg) I’ (deg) Plot Card 70

Body axis , nondi mensional -

110 = per radian
111 = per degree 

________ _________ _____________ ______ ______

13 25 37 1+9 61 73
2 3

S(ft ) c (ft) H U(ft/sec) p(slugs/ft ) g Card 2

2 ST
W(lbs) I (slug-ft ) zt(ft ) £

~
(ft ) T5 = 

‘ 
~(deg) Card 3

__________ ______________ _________ __________ 
I Thr o ttle 

_______ ______

C C CN CN CN CN Card 4N Na q 
~~

5e M

C C C C C C Card 5x x x . x x x

Cm = ~-~i-_ Cm cm Cm Cm c
m: 

Card 6

ci.(deg) F0(deg) Card 7

Stability axis , dimensional = 000
13 25 3 7 ‘49 61 73

Xu Zu Mu Xw Z~ Card 2

x~, Z~ M~ Xq Zq Mq Card 3

U(ft/sec) g r’0(deg) Card 4
e e e

V L n X Z M Card 5e a 5T 5T 5T
*See Table 2 continuation for plot opt ion codes
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The forma t of the input data can be written in only one way .
The num ber 6,753,000, for example, must be written as 6753000 . and can
appear anywhere in the allowable field. The number -.00745 is written

as - .00745 in the allowable field.

The aerodynamic data must all be in consistent units or as indicated
in Table 1. All angle inputs are in degrees.

Name list input is obtained as shown in Table 1. The variable
name s in the namelist are exactly as pr i nted on the out put of the
program; that is , flight path angle is called “GAMA” , pitch inertia
is listed as “y’” CL. is “CLAD” etc. All input options available

to the user are ava i la b le i n t he namel i st form .

The namelist for the longitudinal program is titled “Change ” and
is used in the fol l owing manner:

(1) The first card of each run is written in the usual manner

with Column 3 keyed for the namelist input.

(2) The next card must have a blank in Column 1 fol l owed by
• the characters “$CHANGE” fol lowed by at least one blank space .

(3) On the same card , the parameters to be changed are written
separated by commas. Parameters not entered wi l l  remain the same
as on the previous run. The namelist is then closed by a dollar sign
‘ $ “ . There is no restriction on the order in which the parameters

• bein g changed must be entered.

(4) Avo id writing in Columns 73-80. If more space is needed , go
to another card but leave a blank in Column 1. Do not number cards if
more than one is needed for the namelist. Numbering is permitted after
the closing “$“ .

21
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Name l ist Example (Longitudinal):

107 SAME CONDITION S AS ABOVE BUT REDUCED CLQ
$CHANGE CLQ = 6.0$

(4) Nondimensional and dimensional (primed and nonprimed) data can

be switched from run to run as desired , but the “per radian/per degree ”

Option cannot be switched nor can stability and body axis data

be interchanged.

For su ccess i ve runs us i ng either “LONG. ” or “LATE .” , merely add
seven-card sets to the data deck. An end-of-record card inserted between
the two kinds of data sets will allow both “LONG. ” an d “LATE .” to be
run together.

d. Output

The complete longitudinal program and a sample output are
-

• presented in Appendix E. The output data is explained in relation to
the sample output data sheet. In the example , the first item printed
out is: ROOTS OF A/C LONGITUDINAL TRANSFER FUNCTIONS. This title is

• part of the program and will always appear, followed by the run
number (which , in this case , is 15A). The third line contains the exact
information that appeared in Columns 7 through 72 on the first card

• of this data package (see Input Data). Following this run identifi cation
is the type of input data and the data itself. The output format is

-• the same as the input format, i.e., the numerical values for s, c, H,
U0, p, and g all appear as on the second card of this run.

• The dimensional derivatives are then calculated and shown . Note
that the values for V , L , and n

~ 
are also presented here . The

program calculates the coefficients of the denominator and solves
for the roots of the quartic equation. The roots of the equation are
then printed in the form of s1, S

2 
= o ± jw. For the case where the

roots are a complex pair , the form is

1—
~
I.
. (4 3)

5 , , S 2 W n ± W n V I _ C i

22
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and for the case of a real root wi th zero imaginary part , the form i s

(44)

Comparing these forms with the numbers printed under ROOTS (COMPLEX
FORM), it can be seen that the roots to the equation * are

S 1,  
~2 = — .008943 ± .1852j (45)

$3~ 54 = — .4507 ± 2.657 i (46)

Now the program must choose which complex pair is the phugoid and which
is the short period . This decision is made by comparing the frequencies
of the modes. The frequencies are calculated by taking the square
roo t of t he sum of the s quares or

• 

I
~~
wn )2 + w~~ (~~~ )

2 
Wn 

(47)

-

• The larger frequency is assumed to be that of the short period . The

calculated values are then printed in their proper places , which yields

the data seen immediately below the values of the roots. Note here

that ZP = 
~phugoid 

and ~ ~phug oid’ 
etc.

The charac teristics of each mode are then calculated and printed .

The values are calcula ted as fol lows:

Period P~ [ seconds ] (48)

Time to half amplitude = 0 .693 15/Cw n [seconds ] (49)

(50)
• T ime to one tenth amplitude ‘ 2 .30259/ CW n [seconds ]

(51)11/2Cycles to half amplitude 
~ 

[ cyc l es ]

Cycles to one tenth ampl i tude 
T j~ io 

~~~~~~~~~ 
(52)

*Th~~~~ digits following E or 0 in a number on output specifies the
power of 10 by which the number must be multip lied .
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where the bracketed quantity shows the dimension. For the case of an

unstable oscillatory mode , the program will print the time to reach

2 or 10 times the amplitude. Finally the coefficients of the denominator
quartic As4 + Bs 3 + Cs 2 + Ds + E are printed.

The trans fer funct i on numera tor cal cula ti ons ar e pr i nted on the
nex t page as follows :

Numerator of O/S, “THETA PER CONTROL DEFLECTION”
Numera tor of u/ r5 , “LON G ITUDINAL VELO C ITY PER CONTROL DEFLE CTION ”

• Numerator of w/S, “NORMAL VELOCITY PER CONTROL DEFLECTION”
Numerator of h/S , “ALTITUDE RATE PER CONTROL DEFLE CTION ”
Numera tor of a r / S , “VERTI CAL ACCELERATI ON PER CONTROL DEFLE CTI ON

(the free s in the ar/S nume rator is not printed.)

Each numerator is labelled and the roots , time constants ( or ~ and

and coefficients are printed. A non-zero value of will cause

the norma l acceleration numerator terms to be printed; this is for
a at a distance from the CG.

There is an interestir ,g point to be brought out in regard to the
normal velocity per delta elevator transfer function. The values of

the roots (complex form) show that in Run No. 11 1 the third root has

an imaginary part of .8787 x ~~~~ This. of course , is impossible
because a complex root must have a conjugate as another solution (the
first two roots do form a complex pair). The imaginary part of the

third root is spurious and is stored unintentionally in this location

by the subroutine DMULR. Care must be taken to eliminate such erroneous
values for the roots . When these values appear , the program will
usually ignore them; however , the printed values should always be checked
by considering the ‘-~efficients of the transfer function. Notice here
that the form of the numerator is

A w s3 +B~~s
t +C w S + D w 0 (53)
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and , since all the coefficients are nonzero , three roots will appear
• either as a real root and a complex pair or as three real roots;

anyt hi ng else i s i n error. Erroneous values can be s potte d eas i ly .
Roots with values greater than 10~ are probably the result of division
by one of these very small “ noise ” numbers .

-
• Another feature of the transfer func tion print-out is that poles

and zeros (roots) wi th zero real and imaginary parts are not shown .
For example, an inherent pole or zero of s 0 is not printed out on
either page of the output.

• Note that the first set of sample data shows a characteristic

equation consisting of an oscillatory mode and two aperiodic modes .
The program, by use of FRQCK , has determined that the oscillatory

• mode is the short period. This interpretation should be treated
with caution .

The output symbols are defined as follows :
• ZSP = ~ short period (54)

WSP = w short period (undamped actual frequency) (55)
1/TP1 = (l/T phugo i d)l (56)

l/TP2 = (l/t phugoid )2 (57)

e. Cou p l i ng Numera tors
• eu 8wThe coupling numerators r4~ ~ , N~ ~ , ~ are obtained

~~~~ 
0e ”T ~‘e~~T

by straightforward substitution of columns in the characteristic
determinant L~.

For the coupling numerators involving h , consi der the equation

h + 
cos r0 

~~~ 
- _____ - U0 8 = 0 (53)

wh ich is more rigorous than Equations 13 and 14.
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An augmented matrix can be formed from this equation and t~:

s - — (s  ~ + x~) ~~~ S X q 0 u X
8 

8e +

—z~, s — z1)—z~. g sln 1 —s (u0 + Zq) 0 ; (59)
e

—M ~ — (sM~~+ M~) s(s M q) 0 8
sin 1’~ cos l l4,cosr0 0— 

S S S

. Oh uh whThe cou pling numerators N , N , N are formed by
e T  T e  T e

- 
- 

replacing columns of this 4 x 4 matrix with the indicated control
columns, then expanding the resulting matrices in terms of minors of
elemen ts of the bottom row. It is seen that 1/s multiplies each
coupling numerator in its entirety . In order to indicate that , the
printout legends read

“S TIMES THETA TO ELEVATOR, ALTITUDE TO THRUST ”

“S TIMES LONGITUDI NAL VELOCITY TO THRUST , ALTITUDE TO ELEVATOR ”
“S TIMES NORMAL VELOCITY TO THRUST , ALTITUDE TO ELEVATOR”

uazOne given coupling numerator involves norma l acceleration , N
8 8Now , inertial acceleration is T e

a; sw — uo s 8 — £
* 
~~~ (60)

Use this equation to augment ~, giving

• X
8 

(sX 1 + x~) gcosro sx q X~~
(61 )

N~°
Z
8 

Z
8 

- s (i —z n) - gsin i - s (u0 + zq) Z
8

M
8 

- (s M0 + M0) s (s - Mg) M
8e

0 -s £~s
2+U0s 0

26
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which is expanded to obtain

uo~ (62)
N

8 8  
= s 

[N ~~~
’ 

8T 
— (~~

s + uo)N~~8 ]

This numerator is labeled

“S TIMES LONGITUDINAL VELOCITY TO THRUST, ACCELERATION TO ELEVATOR”

Aga in the s = 0 root (here a zero instead of a pole) is not given .

Note that here az is inertial accelerat ion . It does not include
gravity , as sensed acceleration does . However , account is taken of

sensor location forward or aft of the CG.

- 

- 
2. LATERAL-DIRECTIONAL PROGRAM

a. General

Th is lateral-directional program calculates the coefficients of

the three-degree-of-freedom , small- perturbation , la teral-directional

equations of motion . These coefficients are then used to calculate the

coefficients of the characteristic equation and the numerators of the

• ai rplane transfer functions for aileron and rudder inputs . The character-

is tic equation and the transfer function numerators are factored , and
the factors are used to compute several of the more pertinent lateral-

directional flying qualities parameters (see Appendix C) .

• The ma in portion of the program is limi ted to computing the
characteristic equation and the numerators for the q , ~, and 

~
p

transfer functions. The numerator calculations will be bypassed if
• the contro l deflection derivatives are all zero . The lateral-directional

program was modified extensively to agree wi th Reference 5.

27
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b. Input Parameters

The lateral -directional program accepts the moments and products
of inertia in the body axes, and it converts the inertias to the
stability axes with the use of a. This is the only function of the

a input; thus , body axes inertias will result if a = 0. Use a 0
if inertias are in stability axes. Setting a ~ 0 will convert

body—axes inertias to stability axes for the calculations.

The parame ter 
~ 

is use d when the side accelera ti on trans fer func ti on is
des i re d at some po i nt other than the CG.

An interesting point can be brought to light here concerning the
use of the cSA derivatives. Today ’s a i rcra ft usuall y emplo y more than
one roll axis control , such as aileron and spoilers . In this case ,

• 

- 
usin g only one of the control derivatives as the input is unrealistic

because this is not the way the aircraft will behave . The method that

has been employed successfully is to convert the control power to the

wheel throw or C etc., as follows :
w

8A 8 (63)
C + C  _ _! _+ . ..

A W

and

• c + c  ~~~~+ . . .  64)
w A 0W 

~ 
w

and

- 
8A

8~ 
8~ (65)

and then enter these values for C~, , C , an d C
ôa 

n
~

28
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Aerodynamic Data (See Fi gures 4, 5, and Table 3)

Using option 000,010 or 100, the aerodynamic data may be input in

stability axes or body axes as follows : (See Figures 4 and 5 and Table 3).

Input in Stability Axis System 0 (66)

Input in Body Axis System a~ aTRIM — (67)

In ertial Data (See Figures 4 and 5)

Using Option 100, the inertia data may be input in body axes or an

arbitrary axis system as follows :

Input in Stability Axis System U.1 0 (68)

Input in Body Axis System a1 aTR,M - IW (69)

Input in Arbitrary Axis System a! = (70)

Output Axes System (See Figures 4 and 5)

Using Option 000 ,010 or 100 , the output may be referred to the stab ility,
body , or an arbitrary axis system as fol lows :

Output in Stability Axis System a~ = 0 (7fl

Output in Body Axis System ax = Uw TRIM
IW (72)

Output in Arbitrary Axis System a~ a~ (73)

The remainder of the derivatives seen in Table 4 should be self-explanatory .

c. Input Data

The method of entering lateral-directional data is similar

to that of the longitudinal program. However , Columns 7 , 8, and 9
on Card 1 are also used for program control .

The lateral -directional computer program can provide time
• h istories for a rudder or aileron step plus the MIL-F-8785B parameters .

Angle of attack selections for body , stability , i nert ia , and arbitrary
axes are i nclude d , as is a plot option and the ability to input the
attitude and control derivatives as per degree and rate derivatives
as per radian. (See Tables 3 and 3A . )

29
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Figure 4. Conventional Notation

$4

-

t 

- 

~~~~~~~

Figure 5. Program Notation
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TABLE 3

LATERAL-D IRECTIONAL INPUT DATA

Data Iden-
- tification

Data Type Units Axis Number Options

Dimensional ,

primed stability 10 1

unprimed stability 100

Nondimensiona l

per radian stability 000
per degree stab ility 010

6
A ’ 

~ R’ 8 per degree stability 020
p, r, ~ per rad ian

8 per degree , all stability 030
others per radian

control deriva tives stability 040
per degree , all
others per radian

per radian stability 050 Namelist

per degree stability 060 Namelist

~A’ 
ÔR~ 8 

per degree stability 070 Namelist
p, r, 8 per radian

8 per degree , all stability ORO Namelist
others per radi an

control derivatives stability 090 Namelist
per degree , all
others per radian

Note : To get lateral-directional coupling numerators , add 5 to the first
digit of the Data Identification Number.

Table 3 shows that all data must be in the stability axes; this is not
entirely true since the prima ry difference is in the angle of attack.
The la teral-directional program transfers the input body-axes inertias
to stability-axis inertias; therefore, specifying an a = 0 will yield
an effective set of derivatives for body axis.
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TABLE 3A

LATERAL-DIRECTIONAL OPTIONS

OPTIONS OUTPUT

001 Basic calculations (roots of characteristic equation),

q , ~, and i~ transfer function numerators , modal

characteristics including ~/8 I , I~ I /IV e( and u
~R j

~
/8jDR

002 Basic calculations plus p and 8 modal response

coefficients , Posc /Pav ’ ~2”P-~ ~8’ ~
8MAx ’ and Kd/KS5 for a

un it ste p lateral control input , 4osc’~AV ’ ~~~ for a
un it impulse lateral control input and 3 p/8 for the free
Dutch roll oscil lation .

-02 Options 001 and 002 plus time histories of $, ~~, and p

fo~ an ai leron and for a rudder ste p.

003 Options 001 with the acceration transfer function at the

£ distance from the CG.

NOTE: The option codes shown in this Table are placed in Columns 7,

8, and 9 of Card Number 1.

TABLE 2 (CONT’D)

Plot Options - Card 7
Co de (Col . 25) Op tions

O (Blank) No plot

1. Tabulation of time history (lateral-directional
only)

PLT Namelis t option

32
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TABLE 4

LATERAL-DIRECTIONAL INPUT FORMATS

Nondimensional , unprimed
000 = per radian
010 = per degree 

______ ______ ____________________ _______

1 13 25 37 49 ‘ 6j  73

p (slugs/ft3) U(ft/sec) S(ft2) W(lbs) b(ft) I
~
(slug_ft 2) Card 2

I~ (slug-ft 2) I
~~

(s1u g_ ft2) g ct1 (deg) r0(deg) £
~
(ft ) Card 3

C C . C C C C Card 4
P P r 

A R 
_ _ _

CL CL. CL CL CL CL Card 5
8 8 P r _~~~A _ _ _ _ _ _  _ _ _

Cn C~. Cn Cn Cn Cn Card 6
8 8 p r 

~A _____________ ________

aA ax PLT* Card 7

Dimens ional
100 = unprimed 

_______ _______ ________ ____________ _______

1 13 25 3 7 49 61 73

U(ft/sec) g a1(deg) r0(deg ) Lx (ft) I
~
(s1ug-ft 2) Card 2

I
~
(slug_ft 2) Ixz (slu g_ft2) V

8 
Y~ Vp V Card 3

V V L V L L Card 4
~A ~R 

8 8 p r

L L N N~ N N Car d 5
_____________ 

-
- 

6R 8 8 p r

N N aA a PLT* Card 6
_ _ _ _ _ _ _ _  

6R 
_ _ _ _ _  L

X 
_ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _

Stability axis, dimensional
101 = primed 

_______ _______ ________ ___________ _______

1 13 25 37 49 61 73
U(ft/sec ) g r0 (deg) Lx (ft) V 8 Y~ Card 2

Y Y Y V L ’ L ’
~ Card 3p r 6A ~R 
8

L ’ L ’ L ’ L’ N’ N’ Card 4p r 
~A 

oR 8

N ’ N ’ N ’ N~ PLT* Car d 5p r 6A R 
_________ ______________ ________

*See Table 3A for PLT option codes
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To obtain a plot of the time histories provided by option -02,
the PLT space on the input data cards is used. PLT has a value of one
for all se ts of data (runs). For all other o pti ons or , if no plot is
desired with Option -02, PLT is zero or left blank.

When us ing the namelist option the variable names are exactly
as printed on the output of the program ; that is , fl ight pat h an g le i s
calle d “GAMA ” , roll inertia is listed as “IXB ” , CL. is “CLBD ” , etc .

8

all input options available to the user are given in the namelist form.

The namel ist for the lateral-direct ional program is titled

“Change ” and is used in the followin g manner:

1) The first card of each run is written in the usual manner

with Column 2 (lateral-directional) keyed for the namelist input.

2) The next card must have a blank in Column 1 fol lowed by the

c ha rac ters “$CHANGE” followed by at least one blank space .

3) On the same card , the values of the parameters to be changed

are wr it ten , se parate d by commas . Parame ters no t en ter ed w i ll rema i n
the same value as on the previous run. The namelist is then closed by
a dollar sign “$“ . There is no restriction on the order in which the
parameters being changed must be entered on the change card .

Namelist Example: (Lateral-Directional)

070 -02 SAME CONDITIONS AS ABOVE BUT REDUCED CNB AND CNR

$CHANGE CNB = .0009, CNR = -.22$

4) Nondimens ional and dimensional (primed and nonprimed ) can be
switched from run to run at will (however , the per radian/per degree

option cannot be switched). This may be of use in studies if the
data are presented in nondimensional form and the effects of a variation

of dimensional parameters are to be considered.
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d. Output

The complete lateral-directional program and a sample output
are presented in Appendix E. The output data is explained in relation

to the sample output data sheet (pages 140 through 151). In the example
the first item printed out is: ROOTS OF A/C LATERAL DIRECTIONAL
TRANSFER FUNCTIONS . This title is part of the program and will always

appear , followed by the run number. The third line contains the exact

information that appeared in Columns 7 through 72 on the first card
of this data package (see Input Data). Following this run identification
is the type of input data and the data itself. The output format is

the same as the input format , i.e ., the numerical values for p, Uo, 5,
W , b , and all appear as on the second car d of the input data for th i s
run.

The input data is read and converted to dimensional primed data ,
if necessary , and the primed and unprimed data are then printed. Then

the denominator characteristics are calculated and printed. The five

roots listed include the one which always occurs at s = 0 (Equation C-18).
The program does not contain a frequency check because if one complex

pair appears it is assumed to be the Dutch rol l mode . The roll -spiral

mode may couple and the Dutch roll may split up into two real roots;

when this occurs , the output sheet will print the ~ and w and la bel
them Dutch roll. Thus, care must be taken when values indicate that

this has occurred . Examining the characteristics (
~ 

and w) and the

complex forms of the roots should indicate which mode is coupled.

The case of two sets of complex conjugates is not covered because

it occurs infrequently. When it does occur, an analogy will exist

between the Dutch roll and the longitudinal short period , and between

the coupled roll-spiral and the phugoid. Thus the mode can be identified

by inspection .
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When the solu tion to the stability quintic contains two real roots,
the program assumes that the smaller of the two corresponding time
constants (absolute value ) is the roll subsidence mode . Thus, if the
spiral mode has a smaller time constant than the roll mode, its value
will appear as a TR on Output. This does not occur often and is
immediately recognized. Also , as in the lon gitudinal deck , roots with
negat ive real parts are s tab le.

Amon g the denominator characteristics listed are:

TS -t
5 , spiral-mode time constant

TR TR’ roll-m ode time constant

WDR undamped natural frequency of Dutch roll mode

WDDR damped frequency of Dutch roll mode .

- 

- 

A few other Dutch rol l modal parameters (not dependent upon the input)
are also printed with the denominator characteristics:

/~8~ “PHI TO BETA RATIO ”

“PHI TO EQUIV VEL ”

Wd j /f8~ 
“FREQ SQUARED TIME S PHI TO BETA RATIO”

After the denominator characteristics are printed , the trans fer
function numerators are calculated. For example , the yaw rate to control
deflection transfer function has a variable that is labell ed l/TR , where
the R stands for the yaw rate (r), an d not the roll time constant.

The u~~/u~~ calculat ion needs WDR from the denominator characteristics

• and the t~ /$  calculation is based entirely on denominator characteristics.
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COUPLI NG NUMERATORS :

The followin g are printed when the first digit of Card 1 has been
increased by 5 from the value in Table 3:

A R

N~~~

N
OY~~

8A 3R 8A 8R

•0’

8A 8R

Here a~, is sensed lateral acceleration :

U0 8+Uo r+  .1~ r — (gcos i,)# — (gs~ni ,)~’ (74)

If the first coefficient of the phi to aileron , acceleration to
• rudder; psi to aileron , acceleration to rudder; or acceleration to

aileron , beta to ru dder polynom ial i s equal to zero , the same value will
appear in the printout for both the C and 0 coefficients . In this case
0 coefficient should be disregarded and it should be recognized that
a second order polynomina l is being evaluated. The phi to aileron ,
acceleration to rudder and the psi to aileron , acceleration to rudder
numerators are third order in s, but the acceleration to aileron , beta
to rudder is fourth order with the last coefficient equal to zero.
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SECTION IV

CONCLUDING REMARKS

These three-degree-of-freedom programs (with the exception of the

coupling numerator options) have been operational for many years and

provide an easy method of obtaining uncoupled aircraft dynamic

characteristics from physical and stability and control parameters .

The coupling numerator options have been present in the program for

many years but the codes to access them were not documented. Conse-

quently, this portion of programs has not been as well checked out.

- 
_____ 

_____________________ 
- - - 
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APPENDIX A

TRANSFER EQUATIONS

Equations for Transfer of Interim Data From (I) to (X) Axis System:

a1 a1 — a1 (A-i)

i~ cos 2 a1 + I~ sin2a 1 — 

~~ sin( 2a1) (A -2)

12 1z1 
C~~~

2
~~~1 +1~ 31n2a1 + 1xz~ 

sin ( 2a1) (A-3)

cos (2a 1)+k (i~ 
— 121

)s in (2a1) (A-4)

Equati ons for Transfer of Aerod ynam i c Data from (A) to (X) Axis System:

a2: (a 1 — 

~A) (A-5)

• C~ ~~ COS a2 + C,~ Ski Q2 — (c~ + sin a2 cosa2 (A—6 )
P P~ Al

• = C~ cos2 a2 — c~ sin2 a2 + (cj  — cn,.
A) 

s ina 2 cos a2 (A -7)

~~ cos a2 — c .~ sl n a2 (A-B)

~ ‘~A

-
• 

~g, . ~~~ . cos a2 — c~ . s in a2 (A-9)

• 
~~~~~~~

CL 
= C
L 

cos a2 — C~ sin a2 (A- b )
8 8A

~~~ cos2 a2 _ C
L sin2 a2 +Q~ 

— c~~
) 

sin a2 cos a2 (A-li)

Cnr = Cn cos2a2 + c~ sin2 a2 + (cL +cn~
) 

s ln a2 cos a 2 (A - 12)

C~~~cos a2 + Cj  sin a2 (A-l3)
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C~~ Cn~~ COS Q 2 +CE~ 
sin a2 (A-l4)

C~ 8 
Cn8 

cos a2 + C1 sin a2 (A-IS)
A

C~, cos a — c y sin a (A—l6)
2 tA 

2

~ C~, cos a +C s i n a (A-l7)
r r4 

2 Yp 2

C~ . ‘ C . (A-l 8)

-

c~ = c~ 
(A - l9)

‘3

= c~ (A-20)
8 8A

40
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APPENDI X B

LONGITUDINAL EQUATIONS OF MOTION AND TRANSFER FUNCTIONS

ii + q Oco s r0 
~~ 

T3 8RPM cos 4~+x~+ Xq q + X a a + X a ó+X 8 8e(B~l)

zF2

U0à — U0q + gO sin r0 — 
~~~ 

TBr 8RPM Sin e+Z~ U + Zq q +Z
8 8~ 

(8-2)

4 = f T8~8~ p~~+M u +M q q +M a a + M ãO + M 8 8e (B-3)

Tak ing the La p lace transf orm of 1 , 2, and 3 and assembling in matrix no-
tation yields (see Reference 6) for a single control input

s — X u (sX a +X a) g cos F0 — sx q u (s )  X8 8(s )

s( U o Z à ) Z a ~s i n ro — s ( u o+Z q ) a (s )  = Z8 8(s) (B -4)

- • (SM ã+Ma ) s (s M4 ) 9(s ) M88(s )

where s is the Lapla cian operator and X0 0(s), etc., symbol i zes any
un it impuls e forc i ng funct ion s uch as X0 6e(5)~ 

T0 cos ~ 5(5), or
X~5 (SSB (S), etc. 

e
SB

The character istic equation of motion is the determinate solution
of the matrix.

5~~X u SXã X0 g cosr o — s x q 1
I SUo SZ ã Z a gSIf lF0 sU0~ sZ q ~ (B-5)

M u SM à M a St $M q .j
41

__________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~ •~~~~ • • ~~~~~~~~~~~

AFFDL-TR-78-203

( s X
~ ){ (sU0 SZ a Zu)( % t — qI ( U$~flI~,~ — sU0 — SZ Q I_  $U~ M~ )}

~ ~r —  — ~~~ _M a
_ _ $X ä_X a’l s 2 SM q)}

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (B-6)

Exapnding,

(s_ X u){c
3
U0

_ s3zâ _ s hza
_ 12iJoM q + s

2Z~ N~~+ SZaMq + sM ~ gs in 1~,

4
~

Ma g sin I _ s ’u0Mà — sU0 M
~ 

_ • S 2 Zq Uá_ $ Zq M~}

z~ {_ s M au c o s r _ M
~9 cOS I + S2 X q M~~+ SX q Na + s 3 Xá

• + s2Xa~ s X a Mq}

— M
~~{ — sx

~~
gs in l ÷ s Z X4 U0

, S 2Z q X a— x a QSin ;+ SX aU0 + SZ q X q

— su 0g cos l , + $2 XqU0+ sZ 6 g cosl,-. $2ZaX q + Za9 COSE~~ SZ a X q} (B 7)

= *
4U0 s 4 Z á s3 Z~ - $5 U0Mq + s3ZaM~ + S

’ZãNq + $z Mags in r

4 $ M
~ Q S f l 1  - s’uoMa s2uoM~ 

. s 3zq Má — s2Zq M a

s3x~U0 + s 3 Zô X~ + s2 Z 0X 11 + S2 X uOoMq _ S Z ZâX uMq _ s Z ~~X~~Nq

~~
sX uMa g s i n r _ X e Ma Q $ia I, + $2 XUUoMa + 

~
X uUo Ma + S2 Z q Xu lIIa

+5ZqX~M~ +SZ~ M~~g Cos 1 +  Z ,j Ma Q CO$ I~ — S2 Zu Xq M a

~~*Zu Xq Ua~~ S3 Z,,Xa + $2Z uX àMq
_ $2 Z u Xu + S Z u X aMq

~~~~~~~~~~~~~~~~~~~~~ $2Zq Xâ M u * X~~M~ g si n I ,~~ sX~ U0M~

~~
$Z q Xa Mu + SUo Mu 9 C o s I _ s 2 X~ U0 N~~

_ sZ 6M~ Q C O S r P  S2 Za X q M u

a MuQc0 ~~~, + 
~

Za Xq Mu (B-8)
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This simplified to:

A As
4 +Bs 3 +Cs 2 + Ds+ E (B-9)

when

A = Uo Z a (B-lU) 
• 

-

B = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (B-il)

C = Za M q +Mà 9Sifl Ej_ Zq M a+Za X u +X u Uo M q _ Z~~X~ M q

+X u U0M à+Zq X u M à U 0M a Zu X q M 6 Z u X a

X ãU o M u Zq XãM u _ X q UoM u +Z~~X q M u +Z u X~~M q

0 = M a Q S i fl ro— z a x u M q — x u M~~q sin ro +x u uo M~~+zq x u M~ (B 12)

+Z u M0 g c o s  ro — z u x q M~ +z u x~ Mq +x ~ M~gsin r0
X a Uo Mu Z q X a Mu +Uo Mu g Cos ro _ Z~~Mu gcos ro +Z~~X q M~ (B-1 3)

E = sin r0+Z~ M~~9 COS Fo +X a M ugsin ro —z a M u g cos 1’~, (B-l4)

Note that in Section 11-1 and the computer printouts , ~ and the
longitudinal numerator polynomials of this appendix have been divided
by U0. That gives a consistent set of transfer functions for which
the leading coefficient A of ~ Is l-Z~ (or , when Zç,, i s zero , just 1).
But the printout gives the transfer function of normal velocity (w)
rather than angle of attack (a = w/U0) per control deflection ; so the
w/O numerator printed out is the ct/0 numerator of this appendix.

-~~~~ —_____________ ~~~~~~~~~~~~~~~—
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From the matrix (Equation B-4), three basic transfer functions can
be derived

X8 (SXà+X a ) ~cos ro_ sx q

Z8 S(Uo Zã ) Z a gs i n ro — s ( uo +z q )

u (s) - 
M 8 (SM à+M a ) S (S M q ) (B- l5)- ________________________________________________

The numerator is expanded as follows :

MUM X 3 { [ S ( U o _ Z a ) _ Z a] [s Is _ M q )J +{9 sin ro _ s ( u o ÷z q )] { sM ~~÷M~ ]}
— Z~~ 

{_ [s x ã+x a} { s (s _ M q )] + [g cos ro—sxq]{sMa+Ma}}
M8{{ s x a+X a} { g s i n Fo _ s ( uo +z q )} +[g cos r’o _ sx qJ [s uo _z~ ) z ~}} (8-16)
Expanding,

NU N : X8{(sU0
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_z~~{ ( _ S X ~~_ X
Q x S t _ s Mq ) + ( Q c o s I ;_ s X q xsM ~ + M ~ )}

—N
8

{ f s X ~ + X~~X g  Z~ f l I  $Uo_ SZq)+(Qcosç,_ sXqXsu 0...,z~~_ z~ 4 (B - 17)

NUN : X 8 {$
3UØ

_ S ?U0Mq
_ s 1 Z~ +$tZ~ M q

_ $2 Za + ~Z~ Mq * sM,~1gsin 1~1,
+ M~~g s in l - $2 U0 Ma — sU0M~ ~

$tZqM 4 — SZqMa }
_ z

~
{_ s3x

~
+ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Mag cos r

~_ s t Xq Ma — sXq Ma)

_ M 8{ SX ~ Q$in I~ _ $2 X~ U0
_ s 2 Zq x~~+ X

~ u sifl I _ s X
~~

LI
0

_ 5Zq X~

+ sUoQco$I _$Z
agCO$r~~ZaQco1r _SrXqUo+ s~ZjX q + SZ~~X q} (8-18)
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NUN s2X~ U0- s
1X8 U0M~

-iZ0X 3~ 
$*Z~X~ Mq

_ 1tZ~X~ + $Z1X8M q

+ IX S Nâ qsin r + X8MaØ$ in l;_$’X8U0MCSX BU0Ma+ $ Zq X8M4~

+ $Z q X8Ma + S3
Z8Xa 

_ S aZ
8

X
â

M
q

+ s
~

Z8
X

~
- SZ 8 Xa Mg

_ $ z
aNaacoSI;

_ Z ~ N~~9co 4 $ t 2 3 X q M~ + S Z
8

Xq M0
_ $X

â M3SSifl I + S X áU0M 8

+ S2Zq XQ M 8~ 
X~ M 8u sn1 + SX aU0M 3 + $Zq XaN3_sU o M8gco s I

+sZ
~

M
~~9 Cos1

~,, 
+ Z

a
N
S
9COSI + s2X,1U~U8 - s’Z

~
XqN8 sZ~ Xq M8 (8-19)

This simplifies to:

NUN A s1+8s 1 +Cs + 0  (B-20)

when

= X8U0- ZaX 8+ Z3XC (B-2l )

= - X8U0Mq + Z~ X8Mq 
- ZaX 8 - — Zq X8 Ma — Z8 X~M q+ Z8 X~

+Z 8Xq Md + X
~

UO N8 + Zq X0 M3+ Xq U0 M8
_ Z~Xq M

8 (B-22)

Cu = ZaX 8Mq + X8Mã ~ 
sinl~ - X8U0Ma — Zg X8M~- Z8XaM q

_ Z8MeQ cos 1+ Z8XqM a

- Xd N8 ~ 
sinI + X~U0 N8+ ZgX aM8—U0M8Q COS1:+ ZàMB9COSI _ Z

aXq M 8 (B-23)

= X8Ma Q sinf’~ Z8IycosI, - X~~M8Q sm I~+ ZaM&9 CO$ F0 (B-24)

The transfer functions for a(s)/
~
Se(s) is derived in a similar manner.

c cosCj—~ rq

Z8 qs~nro-s (u o+Zg)

s ( s Mq )
= — (B-25)

8~ s ) 6
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NUM (s - x~){ z8[ 
$ (s  - M

1
)~ — M3[ g sinl — $ ( U0 + z~ )J }

•Z ${ M8 9 ~~~I-  $X q ) — X8[s s - Mg )))

_ M~~{ X 8[gs ifl 1~,_ t ( Uo+ Z q) ) _ Z8(9COI I~j _ s X q )} (B 26)

NUM (s_ X
u ){s

’Z8_ SZ 8Mq
_ M8gs i ~1 +  sU0M8+ SZ qM8}

+ ~~{u3 g cosI_ sx qM~
_ s 2x3+ SX~Nq)

— MU { X 8gs inF~
_ sX aUO-s Z QX8— Z8gco s l + sZ~ Xq} 

(B-27)

MUM $3Z a SZ Z8Mq sM8gs in F0+ s1U0M8+ S~Z qM8 $
2 Z8 Xu + sZ 8X u M q

+ X
~

N3q s inl ,- SX UUOM
~~ 

SZ g X~
M8+ Z~M8Q  COS 1 _ $Z u Xq M6_ $2ZuX 3

+$ZuX3
M q~ X8

M~gsm 1 +  sX8
U0M u+*Zq X8

M u + z8
Mug COSF

~
— $Z

8
X q M u (B-28)

This simplifies to:

NUN = A 0 s3 + + C 0 s + 0~~ (B 29)

when
A a = Z

8 (B-30)

2 Z8M q + U0M8 + Zq M~ ~~~~~~~ —Z ~~X 8 (B-3l)

• C a = — N
8 

9Sifl l + 1
8 
X~ M q~~ 

X~ U0 M 8 — Z q X
~

M8 - Z u Xq N8

+ Z~ X 8 M q + X 8U 0M~ + Z q X & Mu — Z8Xq M u (B-32)

Da = X
~

M8 g sin I + Z uM89 COS 1
~
;_ X &Mu Q Sifl 1;+ Za M ug C0s c 

(B—33)

It should be pointed out here that the angle of attack transfer function
• differs from the vertical velocity transfer function by only a gain of U0.
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For the B (S)/O e (S) transfer function

s — X e _ ($X á + X a
)

$ (U o
_ Z

á
)_ Z

a

-M - ( s M . + M  ) NF, u a au(s) 
_______________________________________________

8~(s) 8 (B-34)

NUN xa{_ z~
t.sM a..p.4~) +M ~[$( Uo

_ Z
á
)_ Z

a)}

+2 8 (M u (sX d +X u ) + ( s _ X u )($ N á + M a )}

+ Ma{ (s - X ~ )($(U 0_ Z . )  
~

Zal _ Z
u ( 3 x a

f
~

c
~~)) (8-35)

NUN X8[+sz u Mã + Zu Ma + sUo M u _ % Z â Mu
_ z aMu)

- 

- + Z
~[4$Xd 

Mu + X~~Mu * S~M~~+ sM~ ;X uMa - X uNaI
PM8E,& uo _ s *z . _ s z _ s x uo + SZ a X

~~
+ Z

a X u _ $ X
á Zu _ X

a Zu] (B-36)
• NUN +sZ~X8Mo + Zu XBM0 + $X8U 0Mu

_ sZ
â X8M u — ZaX8M u + sZ8xa M u

+ ZB Xa M u * s~Z3M~~
+ Z8 M0 _ $ Z 8 X u Má

_ Z
8XuNa + s 2 U0 M8

-stZdM 3— sZ0M 8- sX
~

U0M& + SZ a X uM8+ Za X u M8 SZ uXàM8_ Z UXa M8 (B-37)

This sim pl i f ies to
NUM : A

8
S2 + B

9
S + C

9 
( B-38)

when

• 
A
9 

=+Z $ M
~~

+ U0 M
B

_ Z
d

M
8 (B-39)

B~~ = +Z u X8 Má + X3U0M
~
- Z aX 8 M u l Z 8X o Mu 4 Z8Ma Z 8X u Má

-Z
~
M 8— X ~

U0M 8
+ Z

~~
% M a — Z X .M a ( B 4 0)

C9 1+z
~
x8M~ 

ZO XB M u + Z~~
Xa M u

_ Z
8X u M a* Za X u M 8 — Z~ x0M B 

(8-41)

Aga in , note that In the body of this report and the computer printout
the polynomials of this appendix have been divided by U0.
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Cou pli ng Numera tors

Cou p l i ng numera tors were dev i sed by McRuer , Ashkenas , and Pass
to aid in analysis and synthesis of multiloop control systems . The

metho d i s deta i le d in Reference 7 , Section 3-5, with longitudinal

applications given in Sections 5-10.

Consider , for exam p le , regulation of pitch attitude and airspeed

with elevator , altitude rate with thrust. A simplified representation

of elevator control is , with cz
~~~

’ s re presen ti ng pol ynom ials in s ,

O~~ 0 ,2 0~3 0 u X8 X8T

02 022 023 0 a Z8 z8e 
(8e 1 —Y O v u u)+ ~~~ (B-42)

03~ °32 a~~ 0 M8 M8T

°41 °42°43 I h 0 0

where 0 is the command elevator deflection , say Y u Then

0,2 0~ 3 + Y6 X Se ~~~~~ u X
8

021 +Y u Z8 022 °23 + V9 Z8e ‘
~
‘i~ 
Z~~. a Z8

= Yu Uc (8-43)
032 033 + V

9 
M8 Yh M ST 6

04 ,  042 43

The characteristic determinant, 
~CL’ 

and the transfer-function numerator

determinants as well , can be expanded in such a way as to retain
explicitly the veh icle-alone characteristics , wh i c h is a power ful
advantage. Also , the result i ng ex pressions can be made amena b le to the
conventional servo-analysis techniques. There can also be coupling effects

between gust inputs and control inputs , and among more than two i nputs ,
control , or disturbance , so that the possible variations are quite
numerous . How ever , the coupling numerators are always easily computed
and factored..., generally by being simpler and of l ower order than tx (s).

_ _ _ _ _  
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x . x.x
Define a notat ion N0

1 , N0
1
0
h to indicate determinants formed

j  j
~from the characteristic determinant z~ of the unaugm ented aircraf t in the

manner of Cramer ’s rule (Reference 6). The column of coefficients of x~
is replaced by the column of coefficients of d~~, and the xk column is re-
placed by the col umn. For example , the 0 -‘- 0~~~ ~ 0i. cou pl i ng numer ator
is

0)~ 
0)2 X

&e 
X
8

N~~81 
: 02) 022 Z8e Z8T = (0,, 04~ — 

°12 04~) (Z8
M
8 

— M
8e 

z
31) (8-44)

0~~ 0~~ M3 M8T + (°2, °42 - 022 041)(X SC M BT 
- M8 X3T)

04~ 042 0 0 + (03p 0~~~— 032 o41)(X~~~Z8 
— Z

~~~
x
8T)

The augmented aircraft denominator then can be expressed

~ CL ~ + YU N~~ + V9 
N~ 4 V~ 4 V~ Y~

N
~~ST + V9  Y~ N~~8T

( B 4 5)

Note that N u E N ‘~ ~ 
~ 0 since in every case two identical8e8e 8e8e 8r

columns make a determinant zero .

Similarl y, the closed-loop transfer-function numerators can be
ex p resse d

X
8e °12 0)3 +V

9 
X
8e 

Y~X8

N~~: Vu Z~ °22 023 + ~~ Z3 V~ Z8T
(8-46)M

8e 
032 033 + V9 M&e ~ 

M
8~ 

•

~ 

-

0 °42 043

- FN U + Y  Nub \- U 
~ ~ 8.81) (B 47)
On 4 Yu X8~ 

X
8~ 

0~3 + V9X8e 
V~X8

‘l’U 02, + V~Z8 Z
8 

023 + ‘(
9
Z
8

(B-48)031 4 V
~ 

PA
8 

M
8~ 

033 4 Y9
M
8~ V~ PA81

04p 0 0,~
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NJ’ = Vu (N~~e 
+ V~ N~~81) 

(B-49)

+ Vu X8e 
0,2 X

8e 
Y1~X81

N~~ = ‘f~ 021 + Vu Be 
022 Z3 Y

~
Z BT (B-So)

03) + Vu MSe 032 M
8 

V~ M81
04p 042 0 I

Vu (N~
9 + K,~ N~~~81) 

(B-5l)

• 
. ~ + V~ XBe 

0)2 0~3 + ~ X8 
X Be

- 
- N~ ‘

~u 02I +Yu Z
&e 

022 °23 4V 9  Z8e 
Z
Be (8-52)

03p + Vu PA
8 

032 033 + ~ M8 
M
8e

-
• 04) 042 043 0

• pi
- (s~~s 

N u~~\
• 

- VU NSe ‘~u~
(s) = 

t.~CL
) (8-53)

In these equations the fourth—degree-of—freedom , h , is a

linear combination of the other three. From Equation B-44 it is

apparent now that , using functional notation to represent quantities

derived from only the three independent equations of motion in u, c~, 0,

Oh aO , uO ,
N
881 

= 042 N
881 , u , a , ) + 04) N~~BT ~,u , a , U) (8-54)

Note the rules that follow from the properties of determinants :

x x
P1 1 k o (B-55)
83 B~
xIxII x Ix ,I x ,Ix I

N88 = - N
8 8  

= N8 8  (B-56)

P1
8

1

8

k 
= k (P4~~ NB ” — N~~ N3k) (B-57)

Feedback of bank angle and roll rate to aileron , yaw rate , and (crossfeed of)
aileron deflection to rudder resul ts in (if p =

50 
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~ll °12 + (x~ s + 
~~ 8O 

013 + K~ Y8, 13
02, °22 + (K~s + K

4~ ~~8o 023 + Kr L.a, 4)
03~ 032 + (K~s + K

4) )N~0 
033 + K, N~ r

(B-58)
V + K V V8a 8o 8r Br

= 

~~~~ 

L.’~ 8o
~ 

+ 8r~

from wh ich lateral-directional closed-loop transfer functions can be ex-
• pressed in terms of coupl ing numerators formed solely from feedback/cross-

feed gains and the matrix equations of motion of the unaugmented vehicle.
The closed- l oop denominator is

~ CL ~ 
+ (~~s + K4)) N~ + K, N~, + (K~

s + K4 ))Kr N~~8 
(B-59)

For a i leron con trol i nputs

/3 /3 1~’ (8-60)• N
80 

= N
80 

+ K
80 

NBr + K~ N808, 
+ K

30 
(K~s + K4)) N8,80

4) 4) 4) 4),
N = N + K N + K,N (B-6l)8°~ Ba Bo Br SoSr

-
• 

N
80 

= N
80 

+ K
80

N3, + K
80(K~

s + K4)) N808, (B-62)

while for rudder control inputs

+ (K~s + K4 ) ) N~~~
’ (B-63)

N
4) 

N
4) 

(8-64)

N
~r 

= N~, 
+ (K ~s + K4))N~~Br (B 65)
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Note that the properties of determinants eliminate a number of the
coupling numerators.

Other multiloop control problems may be worked by analogy to these
examples. For more detail see Reference 8, which in Section 3-5 goes on

F 

to show the use of this concept in multiloop analysis.
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APPENDIX C

LATERAL-DIRECTIONAL EQUATIONS

Option 1

The progranined lateral-directional equati ons of motion are in
the stability axis system, i.e., with 

~~~~
‘ the angle of attack of the x

output axis , equal to zero. However, it is a simple matter to compen-
sate for nonzero c~ . For body axes we have from pp. 256-258 of
Reference 8

- ;)s - Yv}13 - + + .~3 cos(E~ + as)].
. 
+[(

-
~~~~~~)~~

-~~l~(r.+a~){ = Y 3 8

where B = v/U0 and = WQ/U0. Note the presence of p/s rather than

~ and rf s rather than ~p. These differences indicate a minor flaw in
• the notation. In the output, “bank angle ” is really the integral of rol l

rate. The two terms are Identical when 00 i s zero , differing slightly
for small B0.

For the rolling and yawing moment equations the only change needed
to accommodate nonzero a~, ~A’ 

and is to transform the stability
derivatives , moments and product of inertia into the output axis
system (Appendix A). The program does this for dimensional inertias and

non-dimensional stability derivatives , for all three lateral -directional
equations. It is seen that in the side force equation , additional

• factors must be taken i nto account. The program substitutes

• 
- 

( r ) ~. i + a . (C 2)

and

(c~ ) =(c~ ) cos (a~ - aA ) +(cy,)A s in (a~ — aa) + a~ (C-3)

The rolling and yawing moment equations contain the product of inertia
term To delete this term, defi ne

L,+ r Nj , N1 +!~1 (C-4)N 1 -
I —  U

‘U ‘U 1uI
~
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As shown for exam p le i n Refe rence 2 , recast i ng the sta bili ty der i va ti ves
in this form removes the explicit appearance of ‘xz in the equa tions.
This yields :

P + L~~ i + L’p P + L’, ~ + + (C-5)

= N v  + ~~~ + N p  + N r + N
~~~ 8A + N~~ & R (C-6)

Taking the Laplace transforms of Equation C-h C-5, and C-6 and
assembling the result into a matrix yields*

v (
1Y P +~~~~co1r ) s( i  ~~~-)-j~~sinI $(s

— s L,~ — L~ s~ — sL~~ — s L’, 4 (s )  L
8
8 CS )  (C—7)

— sN ~~- N ~ —N ~~s st -s N  4’ (s ) N
8
8 (s)

or

C11 C12 C13 /3(s)

C21 C22 C23 4) (s) 
L
~8

8(s)
C31 C32 C33 q’(s) N~ 8(s )

Equation C-l was divided by U0.

Let ç
9% : QsI n ~~/u0

and
QC g cosI ,/U0 ,

* - Strictly (Reference 2) the variabl e ~ should be p/s and i~ should be
r/s - w i th t~i - ~ s i n and r = cos for lateral-directional
motion only. The difference should be minor for small fl i ght path
inclination.
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and solve the characteristic equation of motion

$ —‘~~
-
~~ 

— $ 
~~~~ 

- gs

A -$L~~-L ~ $2 -.L~, -.s4 . (C-8

~~ z ( s - s ~~~ 
_Y~~) [( s’_ s~~ X .’— s ~ ) - (

~ $ç )(_ sN )J
(—sL~ — L~ ) [ — ( — sN~~X $ - s~~, - gs ) + ( —

~~~~ —
~~~~~ ~ ~~- ~~~ (c-9)

~~~~~~~~ )[(
_ $ 1.., K— $ c

~
— 9 C ) . . ( $ ’_,L H $

A (*— 1 v
~~

— v
~~

) E$
’_ .

~~~ N; 
~~
I’t

1~
+ st Pç L ,— $‘w~L; ]

— (sL~~+C~ )[_ s~N~ + s 19,N~~+ •N~~g; • s ’9~— s ~~~N ’ + s’9c_ $ N ; 9c J  
(c- rn)

+ N~ j [ ..~~Z ;  
.L;.~~C + ~‘ _ .“?, — s3L~~+ ~~Y L +  $L ,,gs ]

A = s° — i 4 N — s 4 L, + s’ N,L. — s 3N’ L — s’Y~ + + s4 Y .L — s’Y
~ N, L ,

+ 5’ ’v ’d, + $3Yv t.p — $ 2Yv N;L p~ ~~$2Y N L

_(_ s’N;Lg + .3c, NP~
L
~ 

+ •‘
~~, L4~ . + •49~ L~ — s ’9~,r~;~~ + s’Lg sc -IN;~~9e

• — s’N,L~ +I~,N1~L~ + sN~ L,9 ~~~+ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~e) (C-li)

- N~~ L ,’ — s2N~ L r gc ~~s
4

N~ ~~~~ ~~ 
— ;3N~ gs — s3N~ L ,’ ~~ N~ ~~~

+ s2N~ L~ ~s

• s Y p~~~
L; _ s N

$
L r uc + $ N

$
_ $ Y r N~~

_ $ N g $ _ $ N L + , Y N L + N ~~~

This simplifies to:

As 5 
• Bs 4 

• Cs3 
• o~

2 
• 

~~~ (C-l 2)
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w here

A :  i — ;  (C - l3)

$ :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~p L
~~

+ N
~~

_ Y, N
~

(C-l4)
C = N L ~ — N;, L r’ - Y~, N ~~~ ; N~ L; • ; • L~, + N~~L~

• 
~ r 

N~ L~ — Y~ N,~ L~ + gc + V~, L~ —Y~ N~ L;

_ N ~~~~s — N ~j L~~~ Y, N~j L~ + N~~— ~ ( C l 5 )

• D : — Yv Nr~L~ 
+ Y

~ 
N~, L , + N~~L~ gs — N r~L

1~
9C — N~ L~ + Y r N~

- 
~p Nr ’ Lj — gc - L; gc gs — 

~ 
N~ L

— gs — N
,~ L~ + 

~r N~ L.~ 
(C-16)

E + P4~~LJ~ gs + N, gc — gc + gs (C—l7)

The normal form of the characteristic equation roots is

A =  As ( s+ -4_.)(s+ 4—)(s2÷2 
~DR DR S+ 0 (C-18)

For the Dutch roll mode :

W DR S + W
~ R = (s 1

_ 
~DR + iW dDR)(52

_ 0
DR J(

~d DR) (C-l9)

Damping ratio

DR WDR

Undamped natural frequency

• WDR 
=

56 
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Undamped perio d TDR = WDR

27rDamped period Td = wdDR DR

Cycles to half ampl itude

C112~~ TI/2 / T d

Time to half amplitude

TI/20R 
=

Cycles to 1/ 10 amplitude

C 
10DR 

= TI/IODR / d DR

Time to 1/ 10 ampl itu de

1I/IODR 
— 2.30259/00R

From the matrix on page 55, these basic transfer functions can be derived :

— s9~— u c ~~~~ 
~~

‘r 
—

S
2

5 L , SL r

/3 (s ) 
- - 

2 
sN r

8(s) - 

(C 20)
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N U M  ~~~ [ s
2_ s L ~~Xs 2_ s N r - ( —  SL; ) ( —  sN p

•
)]

- L~ [ (+ sN ~~
’ ) ( s —  s~~ — u s )  •(  s

2
— s N ,’ )(— s~~ 

- 
~c )]

+N ~ [ _ s L ;  ) ( — s ~~ — gc )~~ 
(~~2 

sL~ ) ( s  — s~~ — u s ) ]  (c 21)

M U M  r y
8 {

~~4 _ s
3

~~~-s
3

~~~ 
+ 2

N L  _ s 2 N~~L;]

1 2 .  2” , 3A 2 2 A
— S N~ — S Y

~ 
N~ — 5 N~ qs — 5 V~— 5 QC S V~, Mr 

+ SN ’ gc

+ N8
’ 
[
~2 

~~~ + sL  gc — ~3 + ~ s
a

gs ~ ~~~~~ 
— S

2 Y~L~ — s L ~ (C — 22)

N U M  

~~“8 - S
3 Y

8
Nr

’ S
3

~ 8 L~,~
’ 52~8 Nr’ L~~ s2Y8 N~ L ( s 2 N~

L _ s 2
~ r Np’ L~

• I I 3, . 2 2” , i 2’— sN~L8 us — s  Y~, L8 - s  L8 u~ 
4 s Yp Mr L8 ~ ~~ r 

~-8 ~~~~) 
~~ ~ Yp Na

Lr

+ SN~~L 9 C  — s3 N8
’ + 

~
3
~ r N~ + s

2
N~~ gs + ~~~~~~~~~~~~~~~~~~~~~~~ 95 (C-23)

This simplifies to:

MUM r ~ B~ ~3 c~ s 2 + D/3S (C-24)

where

(C-25)

B “8 Nr ’ “
8 

L~ + ~~~~~~ N
8

’ + Q~. N~ (C-26)

Q8N,~L~~— Y8 N~~L
’
~ — N~~L~~+ Q~N, L’

& + L~~9C _ Y
~ Nr’ L~

+~~~N~~L ; +  N8
’ gs 4 N~~L ,- ’(V N~~L~ (C-27)

+ N~~L~ 95 — Nr ’ L~ 
qc + N 8

’ L r ’ QC — N8
’ L~ gs (C—28)
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A

‘ ~~~~~ 
~~~~ 

$ - ‘ (C-29)

$t.$~ L~

sN ’ — N • N • $~ —sN ,~8
81s A

MUM _ s L X + s N ~~+N4 ) + (_ s L~~_L~~X s * _ N ) ]

+L
3

[ ( s  _s Y
~

—Y
~

X s 2 —s N,) — ( $ — s
~, 

_ 9 s )(_ sN j _ .N
~ )I

N~ [(+sL
~

+L
~ ~ $ — — gs) +( — sL r’ )(s —sY

~
— ’c, )J (C —30)

MUM : ~~~~ E$2 NgL V + s N~~L;+ s5
Lè-sN ;L

~
+ $

~
Là_$N; L

~~)

4 
~~~~~ 

521
~

4 
~~~ 

$1N~3 4  sN,3

_ $ 2c’r N,j~
.. $cr N/ i _ . ! I Aus N i u s 1

+ N [ _ s 2L~ + s5 L +  s L.~ QS
~~

$L.
~~

÷$c,LP
+ L.~~~s +  $2L;- $2YV L;-$YV L;1 ,(C-3l)

A 5A $A  • •MUM ‘ +s Y8NgL r+ SY8N,3
L, + V8 LA 

— s Y8 N~ LA+ 
~~~~ 

L~ — $1
8 

N, L~~

+ s1L~~- s
t PI, L3

- s 3 Y9 L~~+ ~2 Y,N ;L~~- s
t Y

~L
8

+ sY
~

N, L~ + s~ N4 L~

+sN ~~L~~
_ s ’Y,N4L3

_ sY,N
~~

L
~~

_ $N
,~

L~ 9$ - N~~L~~gs — s~N
8

L~
A S+8 V,N3L~~+ sN aL,~

as sN 8L,3+ S Y,Nj L,3+ N8 L~~Us +8 N~~L r~

— .‘Y,N~~L ;— 8Y
~~N8L , (C-32)

This simplifies to:

MUM A,s’ + B~,s ’ + C~,s + (C-33)

59



-

~

‘—---••-

AFFDL-TR-78-203

where

A 
• (C-34)A

4, 
= -V

8 L,~ + L~ - “~ ~~8

= +Y8N4L . _ 
~8N;L~~+~~8

L~~ ~~
N L

~~
+ Y V Nr L~

_ Y V L~~+ N~~L~
(C-35 )

— 

~~~~~~ 
— N8~L,9

’ + ~?, N~ LSO + N~~L , — 
~~~~ 

N~~L,

+Y8 N,~L —  Y8 N,,’ L~~+ Y N L~ + N~~L~~
_
~~,N;jL~~

_ N$ L~~9s (C-36)

+N
~ L6

gs — 

~~~~~~~~~~~~~~~~~~ 
Y N ~~ L; (C-37)

04, = ~~N~~L8 Qs + N8 L4 QS

A A$ — %Y y — Y
~ 

— sy~ — gc V
8

_ s L ~~_ L
,3 

$ — s L ~

____ -s N~~- N~ - s N~ N~ 
(C-38)s8(s) A

NUM 
~~ 

[(_ sN~~)( sL~ — L
~~

) — (~~2 L 1 X — sN
1~ N1j )]

• 2 . . I A. (c-39)— si p ) +(_ SL
A

_ L
ft H4- SYP + QC)I

NUN Y81$
2N p L4+ sN~~L1j +  s3N~~+ st N4 — s ’N4 Lp_ s N

~~
Lp]

~~~~~~~~~~~~~~~~~~~~~ sN4 uc + N
,3 9C +$ 2N~ -S2 Y N . . S ; N]

+N
8

[$ ’—s ~ L,..s~y .+ s ~Y,L _ s ~y + sY
~

L
~~

. 
~~~~~~~~~~~~~~~~~~~~~~ L~~g c ]  (C-40)
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NUN = s2v
8w;La

+sY
8
N;L~

+s’Y
8
N
~~
+s

8
P
~~

_ s*Y
B
N
,~
L p

_ sv8N~ L;

+s*9pN4 Lb+ s Qp N~~L8
+ sN

gibuc + N4L~ 9C +s2N
~Lb s2Y~ N ,(j — sYv Np Lb

+ s8N~- s~ N8L - s ’Y
* 

N~~+ ~~~~~~~~~~~~~~~ sY~ N~ L -  s5Y,NBL
~

~$N~~L~~.C $Y~ N8
L~ .-N~~L~ 9C 

(c-41)

This simplifies to

NUN = A, s3 + ~ ~
2 + c~ s + (C-42)

A, s 
8

N~~ + N~ -Y~~Nb (C-43)

• 9, = Y
8N; ~~~~~~~~~~~~~~~~~~~~~~~~~ N~~L Y ~~N~~L~

+ 
~~~~~~~~~~~~~~~~~~~~~~ (C-44)

C, = Y
8N L ~ - Y

8N4 L~~$Y~ N~ Lb +N
1~~L~~~c ; N L ~

• 
+1 NbL ’

P 
- N~~L4Qc~ ~~~~~~~ (C-45)

Dr = +N~ L~ gC - N~~L~~~c (C 46)

The 03
4
/wd ra tio i s the undam ped natura l frequency of the rol l an gle per

• delta aileron numerator divided by that of the Dutch roll . The 4(s)/tSA (s)
numera tor has the form

A•.’. S
~~

s
~
+C

~
s+ D

~ 
‘ 0 (C-47)

wh ich has the usual form of solution

(~ + -4-- )( + 2 $ + ) (C-48)
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c~/~ or

The parameter p/B is the ratio of rol l to sideslip in the Dutch

roil mode. As a modal parameter , it is independent of the form or kind
of input. The programmed expression may be developed by forming the
ratio of transfer-function numerators for a pure yawing moment input:

s I I V v ) Y
~ 0

0

• 2 • .,j~ 
sN~~~N13 N S S N r S DR wDR+ J (J)

DR 4J
’I
~~~DR

~~~DRO — (s--~-+-1- cos F0 ) s(l ~~
_L )_-2- sjnF0U0 U0 U0 U0 ( c-4 9)

0 S
2

L p S

N — N ’
~ s s2 — s N ~ S :_

~~DR W DR+jW DR~,/~~~~~R

from which

5 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C 50)
DR -_ i )s 3

+{I~ -~L+ sinFo p (~~ _ I)]s2 +(L rj ~~cos ro_ L pj~_ sinro )s

~DRw DR + J (U DR R
To evaluate 

~~~~~~~ 
for the Dutch roll  mode le t s aDR + JwdOR .

Th is results in an equation of the form :

- 
O~~~+j W d~~

/3cs 
- 

0~D +j wd 0 
(c-5 1)
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Now c~/8 as defined above Is a complex vector (-or phasor) in s. For t he
Dutch roll ,

S ‘ DR” DR~~~’DR (C-52)

$ ~~~~ + w~ I (C-53)

W~ (C-54)

This is substituted into Equation C-50, thus the magnitude of the
phasor is

P (c .55)

= 

Uo(:)~ ~~~ 
where o~ = 0025769 (C-56)

Sideslip to Control Deflection:

0

~j  
Cl2 Cl3

NUM L8 c22 c23 (C-Si)

This is of the form: N~ C32 C33

_____ 3 I I INUM s i A  s +8 s2 +C s + D  A s (s +— ) (s + j ---- ) ( s +~~----- )
8~( s )  /3 /3 /3 /3 /3 

~~2 
/3

3

(c-58)
When V 6 is zero , the order of this numerator is reduced by one.
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Roll An gle to Control Deflection
Y
B

C 11 
_
~_9 C 13

4)(s)
NUN 

8~(s ) 
C21 L8 C23 (c-59)

C3~ N~ C33

This is of the form

4)(s) 3 2 I 2NUM 
801s ) A

4)
s +B

4)
s +C

4)
s+D

4)
z A

4)
ts+ y-)(s +2C

4)
w
4)

s +w~~) (C-60)

The above equation normally factors into a real root and a complex pair
of roots. As already noted , the real root is zero when is zero.
The damping ratio , ?~~, and natural frequency , w~, of the complex
pair are calculated in the same manner as the comparable Dutch roll
parameters in Equation C-l9. Strictly interpreted , t hi s i s the num era tor
of ( l/ s)  p (s)/6a(S) rather than

Yaw Ra te to Con trol Defl ection

YBI- 0
‘ 1 1  12 TJ~~

r( s ) 4) (Si
NUN 

80(s ) = sNUM 
8~~s) 

S C21 C22 L
8 (C-6l)

C 31 C32 N~
• 0

This is of the form:

NUN = S(A ,53 + B ,52 +C ,s+D ,) (C-62 )

sA , (s +  .~— ) ( s 2 + 2 C R w R s +W ~~) (C-63)
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Rudder Transfer Function Numerators

The rud der trans fer func ti on numerators are of the same form as the
ailero n transfer function numerators with V , L’ , an d N ’ substituted
for V 6 L~~, and N~~, although they may factEr di’~ferently~

Ru dder Transfe r Funct ion Numera tors , Option 2

The roll rate response to a unit step control input is shown to be of
the form

p(-P )J K +K e
_
~f~

t + K O T ~~ + K ’ 9~~~DR~ 1DR t
cos (w t+%j,UNIT ~ PS S 

~DR d DR P
STEP 

(C-64)

The corresponding sideslip response is

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
STEP (C-65)

For an aileron control input the parameters of these equations , as
well as time histories of rol l rate , bank angl e and sidelsip angle ,

will be printed :

KP K13 KB

K p~~ KPR 

~ R 
KBR

K p 5 KPS K13 KBS

K’p MKPPDR K~ MKBPDROR 
~ DR

~~sxe
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If l/T 5 is zero , a message to that effect will be printed instead ,

since in that case the time history equation has a slightly different

form .

Some paramete rs indicative of the amount of Dutch roll response
in abrupt aileron rolling maneuvers are given . For a step control input:

p + p - 2p
I 3 2 

~~~ > 0.2
p + p + 2 p  DR

~ ac/% v — (C-66)
I 2 

‘~~~ ~~0.2
p + p  DR

where p1 is the f i rst peak , p2 is the first minimum following p1,
and p3 is the next peak va l ue of roll rate. In the same way 

~osc’~avis given for an impulse control input; it should be i dentical to the

• - ~osc”~av for a step input. Also given is:

= 1K , L  /Kp KD /KSS (C 67)

The parame ter L
~Bmax~ as defined in MIL-F-8785B , “Flying Qualities

of P i lo ted A i rplanes ,” is a measure of the amount of sides lip in the

response to a step roll con trol i n pu t. Over a time i n terval of hal f
the Du tch rol l period or two seconds , whichever is longer , umax is

the magnitude of the difference between the largest positive and the

largest negati ve values of sideslip angle:

~ 13mox OBMAX

For an aileron impulse the phase of the sideslip response in the

Dutch rol l mode is

PS(8P

The phase angle between the ~ and B  Dutch roll responses is a

model parameter , independent of the input:

4 p/sO ANGLE P/B
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This is the angle In the complex representation :

(c 68)
P -

‘3 DR 
- 

/3 DR

Ru dder Trans fe r Func tion Numera tors , Option 3

With this option , the transfer function numerator of side acceleration
at a distance from the CG is given . This numerator is of fifth order:

NUN = Ao ’
~ S

5 + + Ca ’
~s3 + Do~~

2 + E a s  + F~4 (C-69)

Account i s ta ken onl y of lon gitud inal  dis p lacemen t from the CG :

+ (C-7o)

Both the sense d a~, (the sum of inertial and gravitati onal accelerations)
are the inertial a~, are gi ven .

Option 2 Equations

pay

Using equations C-12 and C-60, B(s) = _141_ 
~~~ p: s 4 ) ,STEP

p( s ) - 
s(A4)

s3 + B4)s
2 + C4)s +D4)) 

(C-Ti )

‘8°1STEP 
- 

s2(As
4 + Bs3 + Cs2 + Ds +E)

K K K Kp(s) ~~ 
PR Pc~ pi p2

+ + + _ _ _ _ _ _ _  -
IB0I

~

.

~
p s+t ~~~~ °bR - J’~’dDR S 0

~DR +

* - Since p = - ~ sin r0, this Implies a near-level flight path.
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Taking the inverse Laplace transform ,

I — c w t

~ ‘~IUNIT K~ + K~ c c t + K~~e S + ~~ ~~5 
+ 4’

STEP DR DR P

(c-i 3)
W here

- 
A 4 )S3 + 84, S2 + C4)S + D4)

- 

As4 + 9~3 + Cs2 + Ds + s= 0 = - 
(C-74)

- ___________________
- 

(s+ .4_)(s2 + 2c DR 
WDRS +(4R) 

- 5= - 
i (C 75)

+(A 4)5
3

+ 84 )5
2

+ C 4)5  
+ D4))

K — 
t 2 2 

(C- 76)

s s(s +~~-)(s + 2c DR
WDR S + W DR) s = _ _

~.
_.
S

K 
(A4)

s3 + B 4)
s 2 + C 4) s + D 4))

P1 
- A s (s +.4_ .)(s +~~~

) (s _ o DR
+iw d ) 

(C-u )

DR s~~~o +jw dDR DR

+j W
~NUM ~NU M - I~ I-

~~~ ~ 1e p

~DEN0M ~DEN0M (C-78)

1cr ~ + w  1+
IK p I 1~~~~

UM N~JM (c-79)
I I C -

L ~~ NON ~DEN0M
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= 2 K (C-80)
DR

= ~~~~~~~ ( ~,.I’NUM ) — 
~~~~~~~ ( ~“~‘DENOM) C-8l )

NUN ~DEN0M

Now Posc /P av may be found by setting the derivative of Equation C-73
equal to zero and solving for the required peak values.
The values used to compute are also used to compu te the peak
rat io, p2/p1

and

4)(s ) 
= 

A
4)

s3 + 8
4)

52 + C4)s + D~ 
(C-82 )

IBOI IMPULSE 5 (~ s’ + Bs 3 + Cs2 + Ds + E)

Comparing Equations C—il and C-82 it becomes obvious that they are
-

• id en tical . Thus ,

#osc 
= 

posc

UNIT UNIT
IMPULSE STEP

Equation C-73 may be Integrated using Initi al conditions:

• 4)(t)I 0 at ? 0
UNIT
STEP

~
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This results in

, _ i
~~~

t
\ i

= K~ I + KP TR (~
i_ e ) + K~~T5 (~I — e  )

STEP

+ (. C0~
WDR~ [_c

DR
wDR

c
~~(wd~R

+ 4’)

(C-83)

+ ~~ (w ~~~t + 4’~)] 
+ CDR 

WDR COS

_ W
d sin

DR P

Equation C-83 is solved for the input times tA~ 
tB and t~ to give

the bank angles required in the umax requirement s .

~
‘3MAX AND

• Us ing equations C— l2 and C—58:

/3() 
- 

s(A13s
3 + B

/3
5
2 + Q13s + t~ )

t &~I 
- 

s2(As4 + Bs3 + Cs2 + Os + E) 
(C-84)

STEP

(C-85)

K 
K,~ K K K

f3(s) 
- + + 

sOS + 
I3~ + ~ 2

• IBO ISTEP 

- S 
~~~~~~~ s+4 

S_ C -DR~~jWd ~~%R
4
~~d~~
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Taking the inverse Laplace Transform with a unit step input:

-c
13w1 1 3 1 3R 

+ 
~/3 ~

• cos (wd t +~~) (C-86 )

STEP
where

- 

A13S
3+a~s

2 +c~ s + D13 - _ _ _

A~ + Bs + Cs + Os + E 
~~ = o

+(A13 53 ÷ B
$

52 +c
s

s +
K13 - 

~ (s+~
_)(s2 +2c 

~DR 5 +WDR) . - (C-88)

+(A$s 3 +~~~ s 2 + c13s + )~~~~

~~~ s (s +-f - ) ($2 +2 CDR
W

DR
S +w

~~)~~~~~~ (C-89 )
TS

...L (A s3 + 8 s2 + C  s + 0
- 

A~~ $ 13 /3 13, (C-9o)I(13~~ 
S C-

DR DR

C-h

~ NUM ~ NUM J4’f~— K e i’-’

(C- 9l)
~ DENOM DENOM

C-
2 

÷~~~
2

‘3NUM 13NUMI /3,1 ~,.
2 

+ 
2 (c -g2 )

DENON DENOM

K ’ 2 K (C-93)13DR
71
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-l /
_______  

.., / 
U13

= ton )_  ‘°‘ I 

) (C-94)
~‘N UM ‘DENON

Let t1 largest of DR or 2 secon ds.
2• Compute:

MAXIM UM 50(t) for I � ‘i

13
~MIN) 

—b MIN IM UM /3(t) for t ~

~~
13MAX = I LARGEST POSITIVE /3(t ) - LARGEST NEGATIVE /3(1) 1 (C-95)

where the largest positive and largest negative ~(t) refer to the
• 

~~
‘ 5 @ t~ tmax and tmin

Using Equations C-l2 and C-58

/3(s) 
— 

s (A13 s
3+ B13 S

2 
+ (~~s + D13) (C-96)

l8oI~ s (As 4 + Bs 3 + Cs 2 + Os + E)

/3(s) Kj3R 
+ 

K
~ s 

+ 
K
~ 

+ 

K~ 
(C-97)

• IBO I 5+ y s+t S °bR J’
~
dDR s%R + JWdDR

Takin g the inverse Laplace transform for a unit impulse input:

I —~~~

~~~ IUNIT 
= K~ e~~~~ + K

5~3 
e 9 + IK/3DRIS 

DR DR

IMPULSE S
(C-98 )
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To compare K~ (in the step response) and (in the impul se response)
wi th ~~ = ~ , the complex coefficients may be written in the mannerdDR
of Equations C-86 and C-87.

C- + j~~~

K 13N (C-gg)13~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

K’ = (o- + Jw)K13, /3, (C-loo )

Referring to Equation C-~4, it is seen that the phase of the impulse
response leads the phase of the step response by the angle tan~~(w/~ ) ; or

4,’ 4, + tan _ I “dOR (c -lol )/3 cDR
WDR

The coefficients of C-98 are not calculated , as
is not required. impul se

Using Equation C—5l:

4)(s) + jUd 
(C- l02 )

DR

(C-lo3)
~ is) 

- !I~N 
+

/3(s) 
RD D

WFI DR
(C-l04)+ +

°b ~~‘~‘d0
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O~~ + j w~p(s) 
— 

N N 
— K (C-lo5 )/3(s) 

DR 
(T
0 
+ - e

~ ..._L_ = tan ’ ( N ~ — 1an 1 ( 0 (C.-l06 )
/3 ‘C-N 

/ ‘ % /

I(o/I(ss
KD/Kss = 1K ~~~1/KP ( C - l o u)

Option 3 Equations:

Sensed latera l acceleration is the sum of inertial and gravitational
accelera ti on s:

• u0 / 3 +  U0 r +(~ c o s f ) ( p / s ) + (~ s in C4(./s)+ £~~~r (c- lo8)

The program solves the augmented determinant

s (i —Y ~) — ;  — _____ 
— -.

~~
-— ~ i ~

( ~
— _

~~~
_) — 

-j
~

— sInl X
8

• 3L~~ Lj~ 
~2 +SL’p sL’, Z

8

-s N~ — N
~ 

— N ~ s s2 -N; ~ N
8

— U0s g cos (
~ 

~2 + U0s 
- g sin 1,) o

• (C-log)
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for sensed acceleration on the x axis at a distance ahead of the CG
to obtai: 

4) 4,
N
8 

~‘ = U0 s N
8
13 - g cos 1 N

8 
+ (

~ 
s~ + s - gsln I )  N

8 (C-h o)

The result is a fifth—order polynomial (for inertial acceleration one of
the roots will always be s = 0): --

= A~ s5 + B0’ ~4 
+ C~ s3 + Q~’ s

2 + E 0
s S+ 

(C-lll)

but even for sense d accelera ti on the program igno res

- 

- 

_ 92 SIfl 1 C0s I (L~ Nà 
-N ~~L~~)/Uo (C-l12)

The fifth (zero) root is not printed .

• Coupling Numerators:

Cou pli ng numera tors are deta i le d in Referenc e 7, Sections 3-5
and the lateral-directional case is explained in Sections 6-11.
Coupling numerators for the lateral-directional case follow from an
analysis similar to that presented for the longitudinal case in
Appendix B. Feedback of bank angle and roll rate to aileron and
yaw rate and (crossfeed of) aileron deflection to rudder results
(ifp= 4 ) in

/3 v
8
+ x~~v8

a22+(K~s+ K)L’~~ O23+Kr I~~ • L
8

+ K
80

L
8

031 O32+(K~5+ K4))N~ 033+K r N8 r N~,+ K8a
N
~r

(C-113)
‘I,

&~~
+ L’

8 
Br

r
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from which lateral-directional closed-loop transfer functions can be
expressed in terms of coupl i ng numerators formed solely from feedback!
crossfeed gains and the matrix equations of motion of the unaugmented
vehicle. The closed-loop denominator is

ACL ~ +(K p s + K4,)N8~ 
+ K,N~ + (K p S + K4,)Kr N~~8 

(c- l14)

For aileron control inputs

/3 /3 /1 /3r I3~, (c-115)
N
8 

N
8 

+ K
8 

N
8 + Kr N~~ 8 + K

8
(K,~ s + K4,) N808r

4, 4, 4,N N + K  N + K r N -

8a~ 8a So Sr 8o8r

= N~ + K
80 

N
~ r 

+ K
80 (K~ s + K4,) N~~ 8 

(C-l17)

while for rudder control inputs

• 
N N: + (K~s + K4,) N~~~ (C - i 18)

4,
• N N (C-ll9)8r

r r
N
8 

N
Sr 

+ (K~ s + K4)) NSoSr (C-12o)

Note that the properties of determinants eliminate a number of the
coupl i ng numerators .

Other multi loop control problems may be worked by analogy to
these examples. For more detail see Reference 7, which in Sections 3-5
goes on to show the use of this concept in multiloop analysis.
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AP PEHDIX 0
TIME TO ~th AMPLITUDE

Osc i llatory Mode

The governing equation for an oscillatory mode is

A = A0eC ”n t ~~~~~~~~~~~~ (D-l)

The amplitude of this mode of motion

A A0e~~~’n~ (0-2)

so , at time T = 1,

A 1 = ~~~~~~~ ~i (0-3)

and , at time T = 2,

A2 = A0e~~~~n ~2 (0-4)

The ratio of these amplitudes is

= e~~’~n (‘2 — ‘I) (D-5)

Taking the natural l ogarithm of both sides

tn A 2/A , — ~~ (‘2 — t~) 
(0 6)

For a parti cular nth amplitude , in this case 1/2 amplitude ,

- - - .tn IO.5)
— - - T~,2 - -~w~ (D-7)

or 0.693
11/2 = C’,”

For time to double amplitude , the same equation holds.
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Nonoscillatory Mode

Consider the case of a second order mode with one real root and
one root of zero. The equation has the form

~ + K 1 1 = f ( t )  (0-8)

which is i dentical to the roll mode . Inserting the roll parameters yields

4) — L~4 = L
8
8(t) (0-9)

Let the forcin g function be a unit impulse at t = 0 and taking the
Laplace transform

(0 10)

or

4) (s ) L8 
- _~~

!_
~~~ 

K2
So(s) 

— 

s ( s— L~
) — 

s s— L ~ (0-11)

The method of partial fractions allows solution of K1 and K2:

K1 L — K2 (0-12)

so

4)(s) 
~~ 

- 
S-L ~~

) 
(0 13)

Taking the inverse Laplace transform yields

4 , ( t) = L
8

Fft C ~~
- .~~

t/TR)  
(D- l4)
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where

= l /f L~~
Now

= ( I  — e ”~~R) (0 -15)

and

= L
8

TR (I - e ?2/TR) (0- 16)

The first problem is to determine what TR i s in terms of ampli tude.
Since L&tR is effectively ~~(o~) for a unit impulse

4,(,)= 4)(~~)(l~~e~~ TR) (0- 17)

so

_____ ~
t/TR1 — e  (0-18)

‘
~
‘mox

Letting ~ = rR

4) l _ _
~~~: l _ O .37 = 0.63

max

So the value of the time constant yields the time to 63% of the
max imum amplitude.
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• 4)(t)
If 0.5 then

~
‘mox

• 0. 5 : I _ e h/TR

e h/’TR :  0.5

TR ~ 0.5 t 11/2 = O.693rR

For the case where the aperiodic mode is unstab le

= LS TR (e t/TR — I )  (0 l9)

First examine the case of 4)(?,)/LS
TR =

-I = (0-20)
S R

so

tIT
e

and

= TR~tn2 :0 .693 TR

as before .

The same equations govern the single pole solution.
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APPENDIX E —
COMPUTER PROGRAM LISTING

This appendix lists the two programs along with their
subroutines , the output , and a list of the input. The program
can be keypunched from the li s ti ngs shown , and the sample data
can be used to check the program to ensure it is functioning

properly.
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I
I

LONGITUDINAL PROGRAM
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LONGITUDINAL PROGRA M LISTING

PROGRAM LONG ( INPUT,OUTPUT .TAPE5=INPUT ,TAPE6SOUTPUT) 100110
C LONGITUOINAL TRANSFER FUMETION INCLUDI NG THRUST AND GAM MA 0001.10

DOUBL E PRECISION ROOTRD . ROOTIO , DL, TN. V, H. N, RTR, RTI, AZ 0001.20
DOUBLE PRECISION AWU .AUN,AW H .AUA Z 000130
DIMENSION RRI5),R115),ROOTRI5),RQOTI(5), OL(5),TITLE(11) 000140
DIMENSION TH(3), V(4 (, N14), AZI4), W I ’.) 000150
DIMENSION ROOTR005), ROOTID (S), RTR (5) , RTI (5) 0001.60
DIMENSION 1N0113 ,2) ,AWU I3) ,AUH(3),AWH I3),AUAZ (3 ) 000170
COMMON W , P R , R I ,X K O N , W N L A , A L A W N ,  IL 000180
COMMON IAIRTR ,RT I 000190
COMMO N# 8/X O ,XU ,X Q,ZO, ZU ,ZQ.AM D ,  A NU ,AM Q , u ,GS G, GCG ,AW,BW ,CN,DW , 00 0 2 0 0

IS,RHO, G ,GWT, Z T .TDT ,X I  .CI. ,C LA ,CLAO.C L Q,CLD E,C LM, CO,COA,CDAD,COQ, 000210
2C~~ E,CO)4 ,C MA .cMA O ,CMQ,CNDE,CMM, A LPHA , GA MA, CN,C NA ,CNAO ,CNQ.CHOE, 000220
3CNM, CX ,CXA ,CXA O ,CX Q,CXOE,CXM,XW,ZW ,XwO,?wO, ALA ,VE , 000230
4 ZMAC, AM, A I y ,ALX ,A p(W,AMWD,ALA1,AN ZA,C (4O 000240

C FOR .1 1, USE D IM ENSIONAL STABILITY DERIVATIVES . 000250
C J=1, USE NON—DIMENSIONAL STABILITY OER IVAT IVE S. 000260
C FOR ~=0, USE NON—O INEN SIONAL STA9ILIIY—AXIS STABILITY DERIVATIVES. 000210
C K-I, USE NOM—IJIM EN SIONA L BODY—AXIS STABILITY DERIVAT IVES. 000280
C FOP M~0, USE NON—D IMENSIONAL STABILITY OR BODY AX IS DERIVATIVES 000290
C X 1 ,  USE NON—O INEN SIONA I BODY—AXIS STABILITY DERIVATIVES. 000280
C FOR M= 0, USE NON—DIMENSIONAL STABILITY OR BODY AXIS DERIVATIVES 000290
C WITH UNITS OF I PER RADIAN 000300
C M~1. USE NON—DIMEN SIONAL STABILITY OR BODY AXIS DERIVATIVES 000310
C WITH UNITS OF I PER DEGREE O003~ 0

oATA ( : t4o ( r , 1I . I = t ,12,,1z’SH /,INO(1.2)/72H FOR ALPHA AN D CONTR000 33O
101 OER IV ITIVES, AND PER RAD FOR AD AND 9 DERIVITI  VEIl 000340
JJXX= 0 000350

100 READ 15,1.0)J,K ,M . RUH ,(TITLE (I) ,I~ I,I1) 000360
If (EOF (5) .NE.0) STOP 000370

to FORMAT(It .I1,It,A3,tjA 6) 000380
WRITE (6,11) RUN,(TITLE(I),DI,113 000390

Ii FOQMAT (IN1,10X,’.5HROOT$ OF A/C LON GITUDINAL TRANSFER FUNCTIONS 000400
1. /INO ,2TX8NRU P4 NO. ,A3IIHO, 7X , ijA 6)  000410

I F (J . L T , 2 ) GO  TO 320 0004 20
JJXY I 000430

000440
320 IFIJ ) 1i,32,31. 8 0 0 4 5 0
31. IF(I()34,33,34 000460

• 33 IF (M .GT.4)CALL CHN G(M) 000470
• TF IM. G 1 .4 ) C O  10 1001 000480

READ (5,8)5,ZMAC,AM , U ,RHO,G, GWT , A IY ,ZT,ALX,TOT ,XI, 000490
ICL ,CL A , CLAO,CLQ ,CLOE .CLM , CO,CDA ,CDAO ,CD Q ,CDOC,COM, 00050)
2CMO, CMA ,CMAO, CMO,CMOE .CMPI . AL PHA ,GAMA 000510

A FORM ATIAEI 2. 0) 000520
1001 IF(M.G7.4)M M—5 000530

IFIM) t06 ,37 ,106 000540
37 WRITE (6,24)S ,ZMAC , AM,U ,RHO ,G , GWT ,AIY ,ZT ,ALX ,TCT, XI, 000550

1CL ,CLA . CIAD ,CL Q,CLDE,CLM, CO,COA ,COAD ,COQ,CODE,COAc , 000560
2CM O.CRA ,CMAO , CNO,CNOE,CMM, ALPH A ,GAM A 000570

24 FORNA T (1H /1OX4AHIN PUT DATA (STABILITY AXIS OERIVA TIVES) ,PER RAD 000580
I / 1NO,4X3 HS =IPELZ. ’ . ,4X5HMAC =E12.’,, 3X6HMACH =E12 .’.,SX3HU Et2.4, 000590
2 4X5HR HO =E12 .’.,5X3HG =E12 .4/3X 5HGWT E12 .4 .4XBHIYY ~E12.4, 000600
3 SX 4HZT =E12.4 ,4X4HL X rEl2 .4,4X5H10T E12 .4,4X1.IIXI E12.Af4X ’.NCL =000610
4 112. h, 4X5 NCL A =E12 .4 .3XAHCLAD E12.’.,IXSHCL Q 112.4,3X6HCLDE = 000620
5 E12.4.3K5HCLM =E12.’./4X’.HCO 112 .4,4XSNCOA =E12.4,3XAHCOAO = 000630
6 112.’..3X5NC 00 =112.4,3X6MCODE =E12 .4,3XSHCOM =Et2 .4/3XSHCMT = 000640
7 E12.4, 4 X 5 N C M A  =E 12 . A ,3XAHCM A O E12.4. 3X5 HCM Q EI2.4, 3X6MCMDE 000650
B E12 .4 ,3X5HCMN =E12. S.~~1N .7HALP HA =E12 .4 ,3X6 M GA MA =L12.4) 000660

GO TO 101 000670
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106 WRUE(b ,105)IIN1J (I,M).I=1,8) 000660
A , S,2P(AC,AN .U,RHO,G . GWT,A IY ,ZT.AIX .TOT ,XI , 800690
tCL.CLA. CL AD ,CLQ,CLDE ,CLM, CD ,CDA,CDA Q ,COQ ,COOE ,COM , 000700
2C MO ,C MA ,C PA O.CMQ , CMDE ,CMM, A LPHA, GA MA 000710

185 FORMA II IH0, IOX,4OHINPUT DATA (STA B IL ITY A X I S  DERIVATiVES ) ,  PER OEG000TZB
A 7*10,12 000730
I FIHO.4X IHS =IPE12.’ .,405HM AC =512.’ .,3X6HMACj4 5 t2 .4,503NU E12.4. 000740
2 4XBHR IIO 512 .4,5X3HG =EI2 .4/3X5HGWT E12.4,4X5HIYY =E12.4, 000750
3 SX’.NZT ~EtZ.’.,4X’#NL X 512.’.,’.XSHTDT E12.4,4X4HXI =E12.4/’.X4HCL =000760
4 E12 .S,4X5HcL A =512.4,3X6 HCLA O =E12.4,3X5*4010 E12.4,3XA HCLDE 000770
5 512.4,3X5HCL N =Ei2.4~ 4X4H CD E12.4,4XSH CDA =E12. 4, 3X6M COA O 000780
6 Et2.~~,3X5HCOO =E12 .4,306HCDOE E1Z.4,3X5HCDM Et2 .4/3X5HCMT = 000790
7 E12.4.4X5HCN A =EI2.4,3X6NCMAD =E12.4,3XBHCHQ E12.4,3X6HC MOE = 000000
8 E12.4,3X 5NCMM 112.4/IH ,7HALPHA 512.4,3X 6HGAMA =112.4) 000810

O1R 57 .295779 000820
CL * C11’OTR 000830
CLDE CLOE DT R 000 840
COA=C0A’DTR 000850
COOE=000E DTR 000860
CM A CMA’DTR 000870
CMOE CMOE’DTR 000880
1F (M.EQ.2) GO TO 101 000890
CMQ CMQ DTR 000900
CMAO CMAO OTR 000910
CLAD CL A O DTR 000920
CLO=CL O OTR 000 930
COAO CDAO QTR 000940
COO=CDO’OTR 000950
GO 10 101 000560

34 IF(M.G1.4) CALL CHNG(M) 000970
IF *M.GT.l.)GO TO 10D3 000980
READ (5,9)S,7MAC, AM ,U,RMO.G, GWt,AIY ,ZT,ALX ,TDT,XI. 000990

ICN,CNA,CNAO,CNQ,CNDE ,CNM,CX,CXA ,CXAD.CXQ,CXOE .CXM, 001000
2CMO,CMA ,CMAO ,CMO,CMDE,CMM, ALPHA ,GAMA

9 FORMAT (6E12.C) 001.020
100-3 IF (M.GT.1.)W M—5 001030

IF(M)101,36,1137 0010 40
3F~ WPIIE (6,75) CN,C NA ,C)4AD,CNQ,CNOE .CNM .CX ,00A ,CXAO,CXQ, CXDE,CXM 001050
25 FORMAT(t IlO,IO X43HINPUT DATA (BODY AXIS OERIVATIVES) , PER RAD 001060

1 /1H0.2X 4HCN 1PE12.4,’.XSHCNA E12.4,IXoHCNAO =ELZ.k,3XSHCNO =512.001070
24,306N0N05 =512.4.3XSHCNM =E12.’./JX4HCX 512.4,4X5HCX A EIZ.4, 001080
3 3XSHCXLJE C1.2.4,3X5M009 E17.4,306HCXDE E12.4,3XSHCXM =512.4) 001090
O1P 57.295779 000.1.00

1130 000 ALPMA/O TR 001110
SA=SIN(AOOI 001.120
CA=COSC000) 001130
Ct.=CN ’CA— CX SA 001.140
CIA. (CNA—CX ) C8—ICH+CXA)’SA 0011.50
CIAD CNAO CA—CXAD’SA 001160
CLM CN M ’CA—CXW’SA 001171
CLO- CNQ CA—C YQ SA 0011.80
CLDE=CNDE’C 13—CXOE’SA 001190
Cr .~C X CA+CN SA 001200
COA ( C A A + C N ) ’ C A ~~

( C ) 4A— C X )  ‘56 001210
CDA O= CXAD CA+CNXO’SA 001220
COM CXM’ CA fCN M’SA 001230
COO C %Q CA ’ CNO ’S6 00124 0
000E=CXDE CA+CNOE ’SA 001.250
W RITE (6,77)S,ZMAC. AM ,U,RHO,G, GW1.AIY ,ZT ,ALX ,TDT,XI, 001260
1CL,CLA ,CLAfl ,CLQ,CLOE ,CLM, CO.COA,CDAD,CDQ,CQOE,CO pl , 001270
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2C NO,CMA ,CMAD, CNQ,CMOE ,CMM, AL PHA ,GAI4 A 001280
77 F ORMAT (IHO,10X,35 HSTA 8ILITY AXIS DERIVATIVES, PER RID 001290

I /tHO,4X3NS IDEI2.4,4X5H$AC E12 .’.,3X6HP4ACN =E12 .4,5X3HU =512.4, 001300
2 4X5HRHO =E12 .4.5X3H6 Ej2.4~ 3XSHG W T =112.’.,4X5HIYY =112.4, 001310
3 5X4H?T =E12.A,4X4HL X =E12.4,’.X5HTOT ~E1.2.4,4X4HXI =E12.4/4X4HCL =001320
4 512.4.’. HEL A =E12.4,3X6HCLAO =E1.2.l.,3XSHCL Q E12.4,3X6NCL.OE 000.330
5 E12.4,3XSNCLM =çta.4/4X’.Hco E12.4,’.XSHCOA =Et2.’.,3XANCDAO 001340
6 112.4.3X5HCOO 512.4,3X6HCDDE =E1.2.4 .3XSHCOM =E12 .4/3X5HCMT 001350
1 E12.4,’.XSHCNA ~E12.4,3X6 NC MAO E12.4 .3X5HCMQ E12.4. 3X6HCNDE = 001360
8 E12.’.,IX5HGMM ~Et2.4ltM ,T I4ALPNA =E12 .½ ,306H0A4A =112.4) 001370

GO TO 101 001300
107 WRITE(6,78 )(IND(I ,M ),I 1,8) 001390

A , CP4 ,CNA,CNAD ,CNQ,CNDE ,CNM ,CX, CXA,C XAD ,CX Q,CXOE ,CXM 001460
78 FORMA T(INO, jOX ,43HINPUT DATA (BOOT AXIS DER IVA TIVESO , PER DEC 001410

A 7 8 1 0 ,A 2  001.420
0. #0.Hb,2Y4ICN =IPEI2.’.,kXSHCN# Ei2.4 ,3X6HCNAO =112.4,3X5I4CNQ 112,001430 V
24,3X6I40N0E =E1.2.4,3X5HCNN =E12 .4/3X4NCX E12.4,4X5HCXA =112.4, 001.440
3 3X6HCXD E =512.4 ,3XSHCXQ =EI2.4,3X6HCXDE E12.4 ,3XSH CXM E12.~4 ) 001450
DIR 57 .295779 001460
CNA=CNA’OTR 001470
CNOE CNOE’OTR 00148 0
CXA= C X A DTR 001490
CXOE=CXDE~ DTR 001500
C NA = C HA’ DT R 001510
CMDE=CNDE’OTR 001.520
IFIM.EQ.2) GD TO tOO 001530
CH@CMIO OTR 001540
C MA D= C MAD ~ D1R 001550
CX AD CXA O’ OT R 001560
CXO =CX D’ OT R 001570
C ND=CNQ’DTR 001580
CNAD =C NAD ’ OTR 001590
GO TO 108 001600

101 OTR=57.295779 001610
2MASS~~GWT/G 001620
)(IOO (X I + A L P H A) / O T R  001630
CIX=COS(XI OO) 001640
SIX=SIN(XI000 001650
RSU RHO’S’U 001660
RSUM~ RSU/ZI IASS 001670
RS UIC= RSU ’ZM AC/ AIY 001680
X U=—RSU M’ ( (APt ’ COMI 2 .0) .C D)  001690
ZU=— RSUP4~~( t A M ’ C L M ~ 2 , 0 ) G C L )  001700
AMU RSUI C’ ( (A M’C MM Fl .O )—CtIO )  001710
XW=RSUM’(CL—COA )/2.O 001720
Z W ’ — R S U M ’ ( C L A + C O )/ 2 . 0  001730
A Mw=RS (JIC’CMA/2 .0 001740
XW0 —RSU M’Z MAC ’COAO/ (4 . O ’ U)  001750
Z W O=—RS UM’Z MAC’CLAO / (4.O ’ U) 001760
AM W O RSUIC’ZMAC CMAD/ (4.S’U) 001770
XO -RSUM’ZMAC’COQ/% C 001700
7O’—RSUM’ZMAC’CIQ/4.0 001190
A M Q’ RS UIC ’Z MAC’ CMQ/4.0  001800
YDE” —RSuM’u’000E/2.0 001810
701= —RSUM’U’CLOE/2.0 001820
AMOS’ RSUIC’U’CMOE/2 . 001830
ROT’ TOT ’ C IX/ Z MA SS 001640
Z O T =— T D T ’ S I X f 7 M A S S  001050
ANOT’ 7 I’TDT/A IY  001660
*18= RSUM’CLAf2. 001870
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ANZ A A LA ’ UFG 001860
A KX ’ S Q R T ( A IY / Z NA S S )  001890
yE =U’SORT(RHO’ 1,20.716) 001900
OEPGH ( CMA’CL~~G’Z MAC CMQ C L A/ (2 . ’U’U)) 001910
OEPG=DEPGNF (CLA ’CMDE— CMA ’CLOE) 001920
GO TO 35 001930

32 IF(M.GT .4IC*LL CHNG IN) 001940
IF(M .GT .4)GO TO 1002 001950
READ (5,12) XU,ZU,AMU, XW,ZW,ANW,XWD ,ZWD,ANWO ,X Q,ZO.AMO, XO ,ZD ,AMOO 1960

1O,U,G.GANA,VE ,A1*,AHZA .XDT,ZOT ,AMDI 001970
A K X O. 001980
XDE XD 001990
ZOE ZU 002000
AMO E=A MO 002010

1002 j F ( M . GT . 4 ) M = M — 5  002 020
12 F)~~MAr (6E t2 .O I  00203 0
35 WRITE (6 .2 6 ) X U , Z U , A M U ,X W .Z H , A M W , X N O ,Z W O ,A M W D ,  X Q ,Z Q,A MQ,032040

IX D€ ,Z DE,AMOE, X D T ,Z D T . A M DT , U ,G ,GA MA ,VE . ALA ,AN Z A ,A K X  002050
26 FORMAT ( IHS, IOX , 33HOIMENSIONAL STABIL ITY DERIVATIVES 002060

I / IHO,2X,4HXU E12.4 ,5X,4 HZ U E12.4 ,5X ,4NM1J E12.4 002010
2 ~3X, ’ .NXW =1I2. ’ .,5X,4HZW =E12.4, 5X ,4 HMW =112.4 002080
3 /2% ,5 NXW D =E 12 .4 ,4X ,5HZW D Et2.4 ,4X ,5H MWO ‘112.4 002090
4 /3X ,4MXQ =E12 .4.5X , ’.HZQ E12.4,5X ,4HMQ =11.2.4 002 100
5,2X,5HX05 =Et2 .4,4X,SHZDE ‘E12.4 ,4X, 5HMDE 112.4 002110
A,2X, 5HXDI =E12 .4,4X ,5HZOT ‘E12.4,4X,SHMDT E12.4 002120
6 /4X ,3HU =112.4,6X,3NG =E1.2.4.3X.ONGAMA E12.4/ 002130
7 3X4 HVE 112.4, 5X4H LA =E12.’ .,4X5NNZA =E12 .4/3X1.I4KY =5 12.4) 002140
IF (J.EQ.1.ANO .K.EQ.0 )WRITE (6,69)OEPG 002150

69 F ORHAT (IH4,21X,6HDE/G Ei2.4) 002 160
OTRsST.295779 002170
XKCN 2. 3.j4I59 002180
GOO GA M A / D T R  002190
SG=SIN (GOD) 002200
CG COS (GOO) 002210
GSG G’SG 002220

• GCG G’CC 002230
C LONGITUDINAL DENOMINATOR CHARACTERISTICS 002240

00 128 11=1,4 002250
120 W ( I I ) = 0 . 0  002260

WRITE (6,16) 002210
16 F ORMATI1 HO, 20X,55} ITHE CHA RACT ERISTICS OF THE LONGITUDINAL O E NOMI NA OO 22 80

h O P  ARE )  002290
A=1 .0—Z WD 002300
Ps—A’ (XU ~~A MO) — 2W—AM MO’ (UGZQ) —ZU’XWO 002310
C X U (AMQ’A .ZW+AMWD’(U+ZD))—A)4U’(XWD’(U~~ZOI +XQ AI4AMQ’ZW 002320
I +ZU’(XWD ANO—XW—AMND’XO)+AMWO’GSG-AMW ’(U +ZQ) 002330
O GSG’(XWO’AMU #AMW—XU ’AMWD) .GCG’(ZU’AMWO+AHU’A ) 002340

± +AMU’(XQ’ZW—XW’(U,zQ)).ZU’(AMO XW—AMW’XQJ 002350
• 2 +XU’(AMW’(U4Z0)—AMQ’ZW) 002360

E GCG I ZU AMW—O MU’ZWO 4GSG’ IAMU’XW—#MW XU) 002370
flL(1).A 002360
01(2) 8 002390
OL (3)C  002400
DL (4) O 002418
0115) 1 002420
N’4 002430
CALL OMULR (OL,N,ROQTRD ,RQOTID) 002440

• 1 0 1  002 450
66 WRITE (6,401) 002460

401 FORMAT (II) ,IIX2IIHROOIS (COMPLEX FOR M)) 0024 70

• 86
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WRITE (6,18)IROOTRD(I),ROOTIO (I).1 1,N) 002460
16 FONNAT(IH , 1OXDI2.4,5XD12.b) 002490

00 ?S0 1 i,N 002500
ROOTR(18=—ROOTROIIO 002510

700 ROOTI(I)=-ROOTIO(I) 002520
GO TO (65,67,72,73) ,M 002530

65 IF(1.E—4—ABS (ROOTI(I) ) ) 113,114,114 002540
113 W 1 . SQRr (ROOTR(L) ’2.ROO1I(i)~~’2) 002550

71= RODTR ( I) /WI 002560
W3=W1/XKON 002570
1 1  002580

121 IFiI.E—’.—ABS(ROOTX(3)))i15,116,116 002590
115 W2=SQRT (ROOTR(3)”2+ROOTI(3)”2) 002600

12’ ROOT R(3UW2 002610
W4 W2 /X KON 002620
GO TO (111,1221.1 002630

111 IFIWI—W 2 )I16,I16,117 002640
117 WRITE (6,14)72, W2,Zi , W1, W 4 , W 3  102650

W SP= WI 002660
GO TO 81 002670

118 WRITE ( 6 ,± 4)Z ± ,W 1 . Z 2 , W 2 ,W3. W l. 002680
W S P= W2 002690

14 FORMAT(1H0,2X4HZP =E14.6,SX’.HWP =514.6.8H RAD/SEC,5X5HZSP =E1’..b, 002700
1.5XSHWSP 114.6,8N RAOISEC/26X4H =E14.&,IIH CYCIES/SEC,26X5H =002710
2114.6,IIH CYCLES/SIC) 002720

DUMB’ 22 002730
Z2=l1 002 140
Zi=OUM8 002750
STUPE=W2 002760
W 2’Wl 002776
W 1=STUP E 002760

— GO TO 61 062 190
116 GO TO (20,2 1) ,L 002800
20 CALL FROCK (Z± , W1. ROOT R(3) ,ROOIR(4 ) ,W3 ) 002810

• GO TO 183 002820
11.4 IF(j . €—4—ARS (POOT I(2) ) ) 1 I9,120, 12 0  002830
0.19 W1 59R1 ~ROC ’TR0213”2#ROO’TII2)~~~21 002 840

21’ RODTR (2)/Wi 002650
WI W 1/XKON 002860
CALL. FROCK ( l t,Wt , ROOTR (t1,ROOT R(41 ,W3 ) 002870
GO TO 183 0028 80

120 1=2 002890
GO TO 121 002900

‘1 WRITE (6,I9HROOTR (I),I’l,N) 002910
19 F0RMAT (1H0,IX7H1~ TD1 =E14.6,5X1H±/T02 =E14.6,5X7Ilh/103 =114.6, 002920

ISX7HI/ 104 E14.6) 002930
GO 10 83 002940

122 CALL FROCK (2 2 ,W 2 ,RODTR ( 1) , RO D T R (2 ) , W 4 )  002950
- -

- GO TO 183 002960
31 PER =XKON F(W t’SQRI(1. —A BSIZI ) ’2) )  002970

TTOI= . 6 93 j5 / (A B S(Z i P’W l )  00296 0
1102=2. 3 02 59 / ( A BS( lt ) ’W t )  002990
CTOI TTO1/PER 003000
CT02=TTO2/PER 003010
CIO3=I.0/CTOI 003020
CTO’.=1.Q~~CT O2 003030
WNLA WS P/ALA 003040

• A L A W N  =I./W NL A 003050
TIN = 2.’Zl’WSP 003060
WNOS = IWSP)”2 003070
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IFIZ1)I~~0,1I0,402 003080
402 WRITE (6.124)PER,TTOI,T102.CtO1.CTO2,CTO3,CTO4,TZW.WNOS,WNLA,ALAWNO03O9O
124 FORHAT (I140,IXI7HSHORT PERIOD NOOE/1H0.1IXAHPERIOD E13.5, 6XI9NTIMOO3IDO

II 10 HALF AMP. =Ej3.5 ,16X2’.HTIME TO ONE TENTH AMP. =11.3.5/IN ,36X2003110
2IHCYCLES TO HALF AMP. 113.5,I4X26NCYCLES TO ONE TENTH AMP. ‘113.5003120
3/28XIGHONE OVER CYCLES TO HALF AMP. EIS.5,5X35HONE OVER CYCLES 10003130
4 ONE TENTH AMP. 113.5/47X11H2’ZSP’WSP =E13.5,33X7HWSPSQ ‘E13.5 003140
5/IN ,5OX7HWN/LA =E13.5,33X?HLAI’WN =513.5) 003150
GO TO 74 003160

110 WRITE (6,149)PER. TTO1,TTO2.CTO1,CTO2 S03~?0
149 F~~~MAT(tH0,1X26HSHORT PERIOD MODE /jHO,1IX8IiPERIOO =Ej3.5,003t~~’

I ‘.X21NTIME TO DOUBLE AMP. E13.5,I6X24NTXME TO TEN TINES AMP. =10.3003190
2.5/IN ,3’.X23HCYCLES TO DOUBLE AMP. E13.5,I4X26NCYCLES TO TEN 1IME003200
3S AMP. ‘E13.5 ) 003210

74 PIR X KON/ (W 2 ’ SQRT ( I . —A B S ( 12 )” 2 ))  003220
TTOL = .6 9 3 t5/ (A B S(Z 2 1’W 2 )  003230
TT02 2. 30259/ IABS (Z2)’W2) 003240
CTOI=TTOI/PER 003250
CTO2=T102/PER 003260
CTO3=I.0/CTOI 003270
CTO4 I .0/CT O2 003280
PTZW = 2.’72’W2 003290
PWNOS (N2)’ 2 003300
IF (12)76,76,79 003310

79 WRITE (6,133) PER, TTOI, TTO2,CTOI ,C102,CTO3,CTO4 ,PT ZW , PWNOS 003320
138 FORMAT(IHJ, 1X17’ILONG PERIOO MODE /L HO.IIX8HPERIDD =E13.5, 6X19HT1M003330
II TO HALF AMP. =E13.5.I6X24HTIME TO ONE TENTH A MP. =113.5/IN ,36X2033340
2IHCYCIES TO HALF AMP. =513.5,I4X26HCYCLES TO ONE TEN~~H AMP. =113.5003350
3/28X38M0N5 OVER CYCLES TO HALF AMP. E13.5,5X35H0N5 OVER CYCLES 10003360
4 ONE TENTH AMP. =E13.5/49X9H2’ZP WP =E13.5,34XAHWPSQ =E13.5) 003370
GO TO 83 003380

76 WRITE (6,139)P€R, TTO1,1102,CTOI,CT02 003390
139 FCRMAT (IHO,IX26 HLONG PERIOD MODE /1NO,IIX8HPERIOD =513.5,003400

1 4X2IHTIME TO DOUBLE AMP. E13.5,i6X24RTINE TO TEN TIRES AMP. =513003410
2.511H ,34X23HC’fCL.ES TO DOUBLE AMP. =E13.5.0.4x26HC’qCLES TO TIN TIME0O342O
35 AMP. - E13.5) 0034 30
GO 10 03 003440

18 3 IF(LL.NF.I) GO TO 83 003450
W ° ITE(5,184 ) WN IA , A 1AWN 003460

j0~ FCR I I A T ( 5 I K 7 H W N / L A  =E l 3 . 5 , 3 , X7 H LA / W N  E13.5) 0 0 3 4 7 0
83 W RITE ~6 ,17)A , B,C,O,E 003480
17 F ORM A T ( IHO, 4OX I2 HCOE FFIC IENTS/ I HO,2X 3 H0 EI4 .6 ,5X 3N8 =E14.6, 003490

1~~X3HC =51I..6,5 X31-1 O =E14.6,5X3H1 =114.6) 033500
C lIE V A T O 7  003510

X O =X D E 003520
7r~ zoE 003530
A M D =A M O E 003540
J~~~0 003550
IF ( X O E . E O .0 . . A N O .Z D E . EQ . 0 . .A N O .A P 4 O E . EO . 0 . )  GO lD 38 003560
W~~tT5 (6,301) RUN 003570

33 1 FO RMA T ( IH1 ,3 HPUN NO. ,43,IOX34HELEVATOR NUMERATOR CHARACTERISTICS)003580
C TH ETA NUM ERATOR 003590
44 DO 131 II 1,5 003603

P OO T R ( I I ) = Q . 5  003610
131 ROOTI (I1) 0.C 003623

WPITE (6,302) 003630
302 F ORMA T (IN— ,15X’TNETA PER CONTROL DEFLECTION’) 003640

A’T =7O ’AMWDI- A 140’ A 00363 3
RT .X D ’ ( Z U ’ A P I W D + A M U ’ A ) * Z O ’ I A M U ’ X W O • A M W — X U ’ A M W D )  003660

0. —A lj t ) 9 X U ’ A 4 - Z W Z U ’ X W O )  003670
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CI XD’I ZU’AMW-AMU’ZW )+lD’(AMU’XW-XU’AMW)+*ND’(XU’ZW—ZU’XW) 003600
T M( I) ’A T  003690
TH (2) BT 003700
TN(3)CI 003710
IF(TH (1).EO.0.)GO TO 42 003720

063730
CALL DMULR (TH.N,ROOTRD,ROOl1O) 063740
M=2 003750
GO tO 66 003760

67 IF (1.E—2—A8S(ROOTI(1) )) 134,135,135 003770
13’. WI1 SORI (ROOTR(1)”2ePOOTI(1)”2) 003780

Z= ROOTR (11 /WTI 003790
WRITE (6,22)Z,W T I 003800

22 FORNAT(iH0,3X4H11 =1t4.6,5*l,NwT =114.6) 003810
GO TO 90 003820

42 ROOIRII) = 01/81 003830
WRITE (6,161) ROOTR(1) 003840

161 F ORM*T (IHO,4XOHX/TT ‘E14.6) 003850
GO tO 90 003860

135 WRITE (6,23)ROOTR(1),ROOTR (2) 043870
23 FORMAT(IHO,3X1NI/T1I 514.6,5X7H1/TT2 =114.6) 003880
90 WRITE (6,303)AI,BT,C1 003890
303 FORMAT (IHO,3X4HAT =E14.6,5X4HBT ‘114.6,OX4HCT E14.6) 003900

00 132 11=1,5 003910
ROOTR (II)’O.O 003920

t32 ROOTI(II) 0.0 003930
C NORIZONTAL VELOCITY NUMERATOR 003940

WRITE (6,27) 003950
27 FORMAT (tH— ,15X’IOHGITUOINAL VELOCiTY PER CONTROL DEFLECTION’) 003960

• AU XD’A*ZO’XWD 003910
BU=—XD’ (AMQ ’A+ZW+AMWO’ 0)0+20)) +ZO’ (AMWO’XQ+XW—XWD’AMQ) 003980
I +AMO’(XWU’(U+ZQ)+XQ’A) 003990
CU=XO’( AMO’ZW-AMW’ (U+ZOP +AMWO’GSG)+ZD’(XQ’AMW—AMWO’GCG—XW ’ANQ) 004000
I 4AMD’OXW’ (U+ ZQ) XWD’GSG XQ’ZW—GCG’A) 004010
OU=XO’AMW’GSG—ZO ’ANW’GCG+ AMO ’( ZW’GCG—XW ’GSG) 004020
V (t)’AU 004030
V (2) BU 004040
V (3) CU 004050
V (40.OU 004060
N ’ S  004070
IF (V(i).NE.0.) GO TO 152 004080
N = 2 004090
V (1) V(2) 004100
Y(2) V ( 3 )  004110
V (3)V14) 004120
!F(V ( I ) . E O . 0 .) G O  TO 15 004130

152 CALL OMULR (V,N,ROOTRO,ROOTIO) 004140
N=3 004150
GO TO 66 004160

72 IFU .E—2—A8S(ROOTI (I) ) ) ±36,137,137 004170
136 WVI=SORT(ROOTR (I)”2.ROOTI(0J”2) 004100

2= ROOTR(I)/WVL 004190
IF1N.EO.2) GO 10 39 004200
WRITE 86,40)l,WVI,ROOTR (3) 004210

40 FORNATUHO.2X4H1U E14.6.SX4HWU 114.6,5X6H1/TU EI4.€P 004220
GO TO 04 004230

131 IF(N.EO.2)GO TO 140 004240
IF(1.E—2—APS(POOTI(2) ))141,41,41 004250

141 WY2 SORT (ROOTR(2)”2+ROOTI(2)”2) 004260
Z= ROOTR (2)/WV2 004270
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WRITE (6,40)Z,WV2,ROOTR (t) 004280
GO TO 84 00 4290

39 WRITE (6.143)Z,WVI 004300
1.43 FO RMA T ( i I10 .2X4NZ U =Ei4.6 ,5X4 HW U =114.6) 0043 10

GO TO 84 004320
15 ROOTP(1) = flU/CU 004330

WRITE I6 .30) ROOTR ( I)  004340
30 F ORMA T( I HO ,2X6H1 /TU  ‘€14.6) 004350

GO TO 8’. 004360
41 WRITE (6,145)ROOIR (I),ROOTR (2).ROOTR (3) 004370
145 F ORMATI1HO,3X7H1/TU1 =E14.6,BX7HI/TU2 .E1k.6.5X7H1/TU3 E14.6) 004380

GO TO 84 004390
140 WRITE i6,t 12)ROOT RII) , ROOTR (2 )  004400
112 FORMAT (1H0,3X7HI/TUI =E14.6,5X?HI/TU2 =E14.6) 004410
84 WRITE (6,301,) AU,BU,CU,OU 00442C
313’. FORMAT(i H Q,2X4HAU 114.6,5X4HBU cIk.6,5X4HCU 514.6.SX4HOU E14.6004430

0.) 004440
00 148 11=1, 5 004450
ROOIR(1I) 0.0 004460

148 R O O T I( IT ) =0 . 0  004470
C VERTIC*L VELOCITY NUMERATOR 004480

WRITE (6,306) 004490
306 FORMAT ( 1i4-,15X’HDRMAL VELOCITY PER CONTROL DEFLECTION’) 004500

N 3  0045 10
00 130 II=i ,k~~IF (W(II).NE.0.0) GO TO 180 004520

130 CONTINUE 004530
A W 4ZO 004540
BW +XO’7U 004550
I 4 Z D’ (— A l l O — X U )  004560
2 +AMD’(U#ZQ) 004570
CW 4XO’ 13 (U+700’AMU—AMO’ZU) 004580

1+7O’(AMQ’XU—XO’AMU) 004590
2+ AND’ (ZU’X0—GSG— (U4ZO)’XU) 004600

DW — X O ’A M U ’ G S G  004610
t470’AUU’GCG 004620
2+AMO (XU’GSG—ZU’GCG) 004630

W (I ) AW 00464 0
W (2)=9W 004650

• W (3 1 0N 004660
W (4).OW 004670
N ’ S  004680
IF(W(I).NE.0.0) GD TO 1.56 004690
Wit ) = W ( 2 )  004100
W ( 2 )  14(3) 004110
W (3) WI’.) 004720
N= 2 004730
IF(W ( i) .ED.0 .0 )G O 10 123 004140

156 CALL OMULR(W ,6,RTR,RTI) 004150
180 WRITE (6,401) 004760

WPITE (6,I0)(RIR(I), RTI (I),I I,N) 004770
00 600 I’I,N 004780
RR (I)=—RTR(I) 004790

600 R I( I ) =— R T I ( I )  004800
IF (1.E—2—ABS (RI (1)))54, 55,55 004810

51. W W I .SQRT (RR(t )”Z . RI  (t)’ 2) 004820
7 = RR ( 1)/W W I  004830
IF( N .EO.2) G0 TO 163 004A 40
W PIT E (6, 5 6 )Z , WW I , R R( 3 )  004850

56 FORMA T ( 1H0 ,2X ’ .HZW =E14.6 ,7X 1.HW W =EL’..6,7X7Hl~~tW E14.61 0)4660
GO TO 103 004 870

90
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55 IF(N.E13.2)GO TO 157 004800
IF (I.E—2—A8S(RI(2)) )57,56,56 004890

57 WW2=SORT (RR(2)”2+RI1284’2) 004900
7= RR (2)/WW2 00491.0
WRITE (6,56) Z,WW2,RR (1) 004920
GO TO 103 004930

163 W RITE (6 , 5 9 ) Z , W W L  004940
59 FORMAT (IHO,2X4NZW 514.6,7X6HWW =114.6) 004950

GO 10 0.83 004960
157 WRITE (6,129 )RR(l),RR (2) 004970
129 F ORMAT ( 1HI,2X7N1/TW 1 =114.6,7XTHI/TW2 =114.6) 004980

GO TO 0.03 004990
123 PR(I) = DW FCW 005000

WRITE(6,29)RR(1) 005010
29 F ORMATIth0,2X6H1 ,TW E14.6) 005020

GO TO 103 005030
58 WR ITE (6 ,6 0 8 R 8 ( I) , RRI2 ) , RR(3 )  005040
60 FORI4AII1HO,ZX7HI/TW1. 114.6,7X7HI/1W2 E14.6,7X7H1/TWS =514.6) 005050
103 WRITE (6.3071A14,8W.CW ,OW 005060
307 FORMAT (IHO,2X ’.NAW E1.4.6,7X4H814 114.6,1X4HCW ‘114.6. 7X4140W =114.6005070

1) 005080
00 133 11=1,5 00509 0
ROOTR (I I) 0.0 0050.00

j33 ROOTI (II)=0.0 005110
C ALTITUDE NUMERATOR 005120

WRITE (6,305) 0030.30
305 FORMAT(IH— ,15X’ALTITUO€ RATE PER CONTROL. DEFLECTION’) 0050.40

AH=AU’SG—AW ’CG 005150
SH.U’AT CG,BU’SG—BW’CG 005160
CH=U’BT°CG+CU’SG—CW’CG 005110
OH=U’CT’CG+OU’SG— DW’CG 005180
H(1)A H  005190
N (2).RM 005200
H(3) CN 005210
H (k) OH 00522i)
N = 3 005230
IF (HIt).NE.0.0) GO TO 1.27 005240
H(t) H(2) 00525)
H ( 2 ) I1(3) 005260
H(3) H (k) 005270
N 2  00528 0
I F( H (t 8 . E O.0 . )G 0  TO 75 005290

127 CALL DMULR IH,N .ROOTR D, ROO T T O) 005300
M 4  0053±0
GO TO 66 005320

73 IF(1.E—2—ABS(PQOTI(1)) )45,46.46 005330
45 W$1=SQR1 (RODTR(1)”2+RDOTI( I)”2) 00534 0

7’ ROOT P( I)/W HI 005350
IF(H.EO.3) GO TO 43 005360
WRITE Ib,47)Z,W HI. 005370

41 FOPMAT(IHO,271.N7H E14.6,IX4HW7 =Etl..6% 005380
GO TO 104 005390

73 ROOTR(I) = O H / CM  005400
WRITE (6,4q )ROOTR (tI 005410

49 F ORP,AT( 1) I) ,3X6 H1/TH =E14.6) 005420
GO TO 154 0051.30

46 IF(N.EQ.3)GO TO 50 005440
WR ITE (6, 4 8 ) R O O T R ( j ) , ROcO TR ( 2 )  005450

‘.8 FORMA1(jHQ,2X7Hj~~TNj =EI4.6,7X7HI/1H2 E14.6) 005460
GO TO 0.01. 005470
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43 WRITE (6,5I)7,WHI,ROOTR(3) 005480
51 FOR MATIIHO,2X4HZH E14.6,7X4HW H =114.6,1X7HI/1H3 =114.6) 005490

GO TO 104 005500
50 IF( I .E— 2—A BS( ROOT I(2 )  ) )52,53,53 00551.0
52 WH3=SORT (ROOTR (2)”2+ROOTI (2)”2) 005520

Z ROOTR (2)/WN3 005530
WRITE (6,51) Z ,WH3,ROOTRII) 005540
GO TO 0.04 005550

53 WRITE (6,155)ROOTR(i),ROOTR (2),POOTR (3) 005560
155 FORMAT (IHD,2X?Mh/TH1 =114.6,7X7N1/TH2 =114.6,7X7H1/THS =114.6) 005570
104 WRITE (6,13)AH,BH,CH,DH 005580

13 FORMAT (1N0,2X4HAH EI4.6,5X4NBN =E14.6,5X4NCH E14.6, 005590
I5X4HDN =114.6) 005600
00 146 11=1,5 005610
RR (II) 0.0 0)5620

146 RI(II) 0.0 005630
C VERTICAL ACCELERATION NUMERATOR 065640

IF(ALX.EQ.0.0) GO TO 1(9 005650
WRITE (6,303) 005660

306 F ORMAT (IHO, ISX4OHVERTICAL ACCELERATION PER DELTA ELEVATOR) 085670
AA=— A LX ’A l+AW 005680
A8=—ALX’BT+9W—U ’AT 005690
AC =—ALX ’CT +CW—U ’ BT 005700
AD=—U ’CT+OW 005710
A fll)=AA 065720
A Z ( 2 ) A B 005730
A Z (3) AC 005740
AZ(4)=AD 005750
N’3 005760
IF(AZ(1).NE.0.0) GO TO 159 005770
AZ(t) ‘ *7(2) 005780
A Z ( 2 )  = A Z ( S )  005790
02(3 )  A Z ) ’ . )  005800
I F (A Z ( I ) . EQ . Q .0 )  GO TO 160 0058 10
N=2 005820

159 CALL DMULR (AZ,N, RTR,RTII 035830
WRITE (6,1.01) 035840
WPITE(6,I6)(RTR(fl,RTI(1),I l ,N) 005650
00 900 I 1,N 005860
RR(I) —RTP (I) 005870

900 RI (I) —RTT(t) 005880
IF( i .E—2—AB S ( R I  (1)0)61,62,62 005890

61 WA I SQRT (RP (1)”2+RI (1J”Z) 005900
2= RR (1)/WA1 0)5910
IF1N .EO.2)GO 10 164 005920
WRITE (6,63)Z,WAI,RR (3) 005930

63 F ORMAT(LM ),2XBHZAZ =E14.6,7X5HWAZ E14.6,7XAHI/IAZI =114.6) 005940
GO TO 86 0059 50

62 IF(N.EO.2)GD TO 166 005960
I F( 1 . E —2 —A B S ( P I  (2 ) ) )  64 ,66 ,68 005910

64 W A 2 = S Q R T ( R R(2 ) ” 2 + R I )2 ) ’2) 005980
2’ RR (2 )/WA2 005990
WRITE (6,63)Z,W82,RRII) 006000
GO TO 66 006010

164 WRITE(6,165)Z,W AI 006020
165 F ORMAT(IHO,2X5NZAZ 114.6.7XTHWAZ =E14.6) 006030

GO TO 86 006040
±66 W RITE(6 ,167 ) RR( 1) ,RR(2 )  00 6 0 5 0
167 FORMAT (jHO,ZX8Hj/TAZI E14.6.7X8H1./TAZ2 EI4.6) 006060

GO TO 86 006070
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160 RR (I) = AD/AC 006060
WRITE (6,168)RR(I) 006090

166 F OR’4ATI1HO,2X7MI/TA Z =114.6) 006100
GO TO 86 00610.0

68 WRITE (6,71)RR(1),RR(2),RR(3) 006120
71 FOR!I*T(IHI,2X6N1/TAZI =1I4.6,716H1/TAZ2 =114.6,788HI/IAZ3 =E14.6) 006130
66 W RITE (6,144)AA .A9,AC ,AD 0060.40
144 F ORMAT4IHO ,2X ’.HAA =Et4 .6,7X4HBA =E14.6,TX4HCA =EI4.6,7X4HDA ‘114.6006150

1) 006160
00 161 II=I,5 006170
RP (II) 0.0 006160

147 R!(II) = 0.0 006190
109 IF(J 1.EQ.i.ANO.JJXX .EQ.1)GO TO 321. 006200

IF(J1.EQ.t) GO TO 100 006210
C THRUST 006220

XI~=XOT 006230
70=701 00621.0
ANO=AMOT 006250

38 IF(XDT.E0.)..AND.ZDT EQ.0..ANO.AMOT .EQ.0.) GO TO 100 006260
J1=I 006270
WPITE (6,20)RU’. 006280

28 FORMAT) IHI,27,6HRUN NO. A3,SX22NTI4RUST NUMERATOR ROOTS) 006290
GO TO 44 006300

320. WPITE(6,322)RUN 006310
322 FORMAT (IHI,2X ,8HRUN NO. A3,5X’COUPLING NUMERATOR ROOTS’) 006320

00 323 11 1,5 006330
ROOTR (1t)=0. 06631.0

323 ROOTI(Il) 0. 006350
WRITE(6,324) 006360

324 FORMAT (1H-,14X’THETA TO ELEVATOR, LONGITUDINAL VELOCITY TO’, 006370
1’ THRUST’) 006380
ZNZM=ZDT AMOE—ZDE’AMOT 006390
XMXM=XOT ’AMDE—XOE’AMOT 006400
XZXZ XDT ZDE—YOE’ZOT 006410
ATU KMXM,XWD ’ZMZM—ZWO ’XMXN+AMWD’XZXZ 006420
OTU = X W ’ Z M Z M —  ZW ’X MX M.A MW ’X Z XZ  006430
TTU BTU /A T U 00644 0
IF(AIU.EO.B ..OR.BTU.E Q.0. )TIU’O. 0061.50
WPITE (6,325)TTU,ATU,BTU 0061,60

325 FORMAT (1H0,SX I/TTU ‘E14.6// 006470
I4X 5 HATU €I4.E,5X5HBT U EIk.6/~~/ 15X, 0064 80
2’NORMAL VELOCITY TO ELEVATOR. LONGI TUDINAL’ 006690
3’ VELOCITY TO THRUST’) 006500
A WUII) XZX2 006510
A W U ( 2  ) . U ’XMX M—XQ ’Z MZM+ZQ ’XMX M—A M Q ’XZ XZ  006520
A W U ( 3 ) = G C G ’Z M Z M— G S G ’X N X M  006530
IF (AWU(tI.Etl.0.)C,O TO 326 006540
CALL DMUL R(AW U,2 ,ROOTRO, ROO T ID)  006550
N M I  006560
GO TO 1 006570

3 IF(ABS(ROOTI( I) ) .LT. .0101)GO TO 327 006580
WWU=S (3RT(ROOTI ( 1) “2+ROOTR (1)’ 2) 006590
ZWU —ROOTR (I)/WWU 006600
WPITEI6,328)ZWU ,WWU 006610

326 F ORMA T (IHO,SX,’ZWU ‘EI4.6.5X’WWU =‘E14.6) 106620
GO TO 329 006630

326 TWU A W U ( 3 ) / A W U I 2 )  006640
IF (AWU (2).EO.0.D0.OR.AWU (3) .EO.0.Q0) TWIJ O. 106651
WRITE (6,33OITWU 106660

330 FORMAt(1H0,3X’I~~TWU “114.6) 006670
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GO tO 329 006680
3.7 ROOTRI1 )=—ROOTR(I) 006690

ROOTR (2) —ROOTRC2) 006700
WRITE(6,331)QCOTR(1),ROOTR (2) 006710

331 FORMAT (1HO,3X ’j/T WUI =‘EI4.6,5X’1/TWU2 “114.6) 066720
329 WRITE(b,332)AWU (I),*WU (2),AWU (3) 006730
332 F ORMAT(INO, 3X’AWU ‘OI4.6,5X’BWU “01’.. 6,SX’CWU “014.6//I 006740

IIRX’TNETA To ELEVATOR, NORMAL VELOCITY TO THRUST’) 006750
Or) 333 11=1,5 006760
ROOTI (II) 0. 006770

333 ROOTR(1I) 0. 006780
ATW ZMZM 006790
BTW=— XU ?MZM+7U ’XMXN—AMU’XZX7 006800
TTWI BTW/A TW 006810
IF (ATW.EQ.0..OP.BTW .EO.0.)TlW1.0. 036820
WPITE (6.334)TTL~1.ATW ,BTW 006830

334 F~~~MAT (1N0,3X’1/TTW =‘El4.6~ /4X’ATW =‘E1k.6,5X OTW ‘E14.6//115X, 006840
1’S TIMES THETA TO ELEVATOR, ALTITUDE TO THRUST~~ 006850
AT H +SG’ATU—CG ATW 006860
BIN’ SG’RTU—CG’BTW 006870
TTH ‘BTMIATH 006880
IF(ATH .EQ.0..OR.BTH .EQ.0.) TIN =0. 006890
WP I IE(6 ,335)TT H ,AT H,BT H 006900

335 FDPMAT (INO,3X’I/TTH =‘E14.6//4X’ATN =‘E11..6,5X’BTH =‘114.6///15X, 006910
I’S TIME S LONGITUDINAL VELOCIT Y TO THRUST, ALTITUDE TO ELEVATOR ’)  006920
AUH(iI’—AWU (l) CG 006930
AUH (2 )~~~AWU (2).CG+U.CG AT U 006940
AUH (3)=—AWLJ(3)’CG+I,’CG’BTU 006950
IF(AUH( I) . 1O.0 .)GO TO 336 006960
CALL OMULR (AU)4 ,2,ROOTRO,ROOTIO ) 006970
MM 2 006980
GO 10 1 006990

4 IF(A B S ( ROOT I ( l ) ) . LT . . 0 0 0 1)G O  TO 337 0 0 7 0 0 0
WU II SQRT (ROOTI ( I)’Z+ROOTR (t)”2) 007013
ZUN —ROOT R(I)/WUH 007020
W RITE (6,338)ZtJH,W UH 001030

338 FORMAT (IHO.3Y’ZUH ~~ Ej1i.6,5X’WUH ‘EI4.6) 0)7040
GO TO 339 0 0 7 0 5 0

336 TUH AUH(3)IAUH)2) 007060
1F (AUH (2).EQ.0.D0.OR.AUH (S) .EQ.0.D0) TUN O. 037070
WPITE(6,370)TUN 037080

370 F ORMA T ) jHO,30’IFTUH = 114.6) 007090
GO TO 339 007100

337 POOTRI18 —RO0TR (1) 6071±0
ROOTR (2 1 =—ROOTR(2) 007120
WRITE (6.340)ROOTR (t),ROOTR (2) 007130

341 FORMAT ( IHO,30’ l/TU HI  = ‘E14.6,5K’1/TU H2 =‘E14.6) 007140
339 W P IT E (6 , 34j )  A U H ( j ) , AIJ H(2) ,A U f 4 ( 3 )  007150
341 FORMAT (IMC,33’AUH ‘Djl..6,5X’BUH =‘OIk.6,5X’CUH “014.6/// 007160

1158’S TIMES NCRMAL VELOCITY TO THRUST, ALTITUDE TO ELEVATOR’) 007170
00 342 11=1,5 007180
POCTR (li) fl. 007190

342 ROOTI (Ii)’0 . 007200
A W H ( 1) . — A W U ( 1) ’ S G  007210
A W H ( 2 ) — A W U ( 2 ) ’ $ G + U ’ A T W CG 0 0 7 2 2 3
AW M (3)=—AWU (3)’SG,U’BTW’CG 007230
IF (AWH (t).ED.0.)GO 10 343 007240
CALL O M U L R (A W U ,2 , ROOTRO, ROO T ID)  007250
MM=3 007260
GO TO 1 007270

94

— -.5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- -



.5 -“-•- .5-—--- -- -.5’ ~~~~~~~~~ 
- - ;=_~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ • - . 5- -

AFFOL-TR-78-203

LONGITUDINAL PROGRAM LISTING

5 IF (ABS (ROOTI (1)).LT..000t)Go TO 344 007280
NW)) SQRT (ROOTI (i)”2IROOTR (1)”2) 007290
IWN=—ROOTR (I)IWWH 007300
WRITE (6,345)ZWH,WWH 00731.0

345 FORMAT (INO,3X’ZWW “E14.6,5X’WNH ‘E14.6) 007320
GO TO 346 007330

343 TWH AWN (3)FAWH(2) 007340
T F (A W H ( 2 ) .E0 . 0 . D0 .O R .AW H(3 ) ,EQ . 0 . O 0 ) INN—C. 007350
WRI T E)6,3’ .7 )TW H 007360

347 FOR MAT)ONO,3X’I/TWH ‘E14.6) 001370
GO TO 346 001360

34’. POOTRI1)=—R0OTRI1) 037390
ROOTR (2)=—ROOTR(2) 007400
W RITE (6,369)ROOIR(I),ROOTR (2) 007410

31.9 FORMATI1HO,38’I/TWHI =‘E14.6,58’1/TW)42 “114.6) 007420
346 WRITE(6,348HAWH (I),I=j,3) 007430
348 FcI1MAT (IHO,3X’AWH “D14.6,5X’BWH ‘01’..6,51’CWH =‘D14.6///15 8, 00741.0

I’S TIMES LONGITUDINAL VELOCITY TO THRUST, ACCELERATIO N • 0 0 7 4 5 0
2’TO E L E V A T O R ’ )  007460

00 350 11=1, 5 001410
ROOTR( It )=S.  007480

350 ROOTI (I1) 0. 007490
A UA Z ( I )  AWU (1 )—AIU ’ALX  007500
At)A7(2)= 6WU02)—BTU’ALX+U’*TU 007510
AUAZ(3). AWU(31—U’UTU 007520
IF(408Z(I).EO.0.)GO TO 351 007530
CALL OHULP(AUAZ,2,ROOTRD,ROOTID) 007540
MM.’. 007550
GO TO 0. 007560

6 IF(ABS(ROOTI(I)).LT..003t)GO TO 352 001570
WUAZ SQRT(R0011o1)”2+ROOTRU)”2) 007580
ZUAZ =—RO 0TI (1 )/WUAZ 007590
WPITE(5,353)ZUAZ,WUAZ 007600

353 F ORMATIINO,3X’iUAY ‘Et1..6,5%’WUA2 “50.4 .6) 007610
GO TO 354 007620

351 TUA Z =AUA Z(3)FAUAZ (2) 607630
IF (AUAZ (2).EO.0.D0.OR.AUA2~~3) .EO.li.O0) TUAZ O,- 007640

• W P IT E (6 , 35 5 )T U * 7  007650
355 F ORMA I( iWO , 3X ’ I /T UA Z  = E1’..6) 007660

G O 10 364 007670
— 352 ROOTR(j)=—R Q0tR (j) 007680

000TR(2 p —ROQTR (2) 007690
WPITE (6,356)ROOTR (1) ,ROOTR (2) 007100

356 FORMAT ) 1)4), 3X’l/TUAZl -‘E1k.6,5X L/TUAY Z ‘Ejk.5) 0077i0
354 W RITE(6,357) (AUAZ (I),I 1,3) 00772 0
357 FORMAT )1N3,3X’AUA2 =‘D14.6,58’BUAZ ‘O1’..6,5X’CUAZ “014.6) 007730

JJXX’0 00774 0
GO TO 100 007750

0. 00 2 I 1,3 007760
QOOTR)I )=ROOT PO(I) 007770

2 PO O T I ( I ) = P O OT I O( I )  007780
GO TO )3,4.5,6),MM 007 790
ENO 007800
SURROUT IME C)4NG( J ) 007810
COMMON/8/XD,XU,YQ,ZD,ZU,ZQ, MO, MU, MQ,U,GSG,GCG,A W ,BW,CW.DW, 007820
IS,RHO,G,GWT ,ZT, TDT,KI,CL,CLA,CLAD,CLQ,GLDE,CLM,CO,00A,COAD,009, 007830
2CODE, COM, CMA ,CMA O,C NO ,CM0E,C MM ,80PHA,G A MA ,CN, CNA ,CNAO ,C NQ,CW OE, 007840
1CNM,CX . C X A . C X A O , C * G , C X O E , C Y M ,XW ,ZW, X W D ,2 W 0 ,  LA ,VE , 007850
4 MAC,MACH,IYY ,LX ,MW, MWO ,ALA , NZA,CMT 007860
REAL P4D,MU,MO,MAC ,MACH ,IYY ,L1,MW, PIW0,L* ,NZA 007870

95
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AF FDL-TR-78-203

LONGITUGINAL PROGRAM LISTING

NANELI5T/CHANCE/S ,NAC, U,RHO,G,GWT.IYY ,ZT,LX, TOT,XI,CLA,CLAO, 007880
A CL9,tL,C%~OE,tLM,CO,CDA,COAO,COO.C0OE,CD$,CNT ,CMA,CP4AO,CMQ, 087890
B CMIII ,CMN,ALPHA ,GANA ,CN,CHI,CHAD,CNQ,CNDE,CNM,CX,CXA.CxAfl, 007900
C CXO,086E,CXM,XU,2O,MU.XW,ZW ,HW ,RWO,ZWD,MWO,XQ, ZQ,M Q,00,ZO, 007910
O MO,VE,LA,NZA,TEST,MACH ,CMCL 007920

CMCL=99. 007930
IF(J.EI3~~5) R180(5,CHANGE) 007940
IF(J.EO.5.AN0.CMCL.NE.99. )CMA CLA’CMCL 007950
IF(J.ED,5) RETURN 007960
DTR 5T.295779 007970
CLA=CLA IOTR 007980
COA C0AIOTP 007990
CMA=CMA/OTR 008000
CXA=CXA /DTR 008010
CZA.CZA/OTR 008020
CLOE CLOE/DTR 000030
COOE=COOE/OTR 008040
CMOE=CMOE~ DTR 008050
CXOE=CXDE~~D1R 008060
CZOE=CZOE/OTR 006010
IF1J.EQ.7) REAO(5,CHANGE) 008080
IF (J.EQ.7 .ANO.C)’~~L.NE.99. )CMA CLA’CMCL 008090
IF(J.EQ.7) RETURN 008100
CLI0.CLAD/OTR 008110
COAO= C000IOTR 008120
CMAO rCMAOIO TR 008130
C XAt3 = CX A O~ 0TR 00811.0
CZ A O = C ZA 0 / DT R  008150
CLQ =CLQ/ 0T R 008160
COQ=CQQ/ OTR 008170
C MQ CMQ/DTR 008180
CXQ=C8D/OIR 008190
CZQ=CZQ/OTR 008200
1F (CM~ L .NE. 99.)CMA=CLA’CMCL 008210
PEAO (5,CHANGE) 008220
R ETU R N 008230
END 0J8240
SU BROUTINE ~PQ CK IZN ,WN ,ROOT R I , R C OT R Z , W NC ) 00825~C THIS SUBROUTINE USES SUBROUTINE UMUIR 008260
DOUBLE PRECISION RTR,R1t,W 008270
DIMENSIO N W(4),RR (5) ,RI(5) 008280
COMMO N W ,RR .91,XI(ON,WN LA,ALA WN , IL 008290
COMMO N FAIRTR(5),RTI(5) 008300
f~0MMO NFBIXO , XU, XQ, Zfl ,ZU,ZQ, AMO,AM U,A MQ, U ,GSG ,G CG, AW, BW . CW ,0W , 0083 10
Is ,PHO,G,G WT, ZT ,TOT ,XI,CL ,CLA,CL AO,CLQ,CL0E ,CLM,00 ,C0A.COAO,CDO , 008320
2Cfl05 .C F1M,CMA ,CMA O , CMQ ,C MQE, C M M ,A L P H A , GA M A ,C N , C N A . C NA O , C N Q .C N O E ,  00833 1
3CNW,C X,CXA, CXA D,CXT3,CXDE,08M,XW ,ZW,XWD ,1WO, ALA ,VE, 008340

7MA C ,AM ,AIY,A1 X ,AMW ,AMW O, ALA 1, AN ZA ,CMO 308350
A W = .Z D  00 8360
R W +X D ZU 308370

+ 7 9 ’ ( — A M O — Y U )  008380
2 +AMO’IU’ZO) 008390

CW 4Y0 ’  ( ( t j + 7 O ) ’ A M U — A M O ’ Z U)  00640 0
I’ZO’(AMO’XU—XC’AMU ) 008410
2 ’A $D’ ( 2 U ’X Q — G S G— ( U + 2 0 1  ‘8)0) 6 0 84 2 0
OW ’—XO AMU’GSG 008430

1”7O AMU’GC& 00* 1.43
2+8M0 (~(U’GSG—l U’ GCG ) 0 064 5 3

W ( 1 ) A W 0 0 8 4 6 0
W (21 9W 008470

96
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LONGITUQINAL PROGRAM LISTING

W (3)’CW 008480
W(4)=DW 008490
N’S 008500
CALL BMULR (W,N,RTR,RTI ) 0)851.0
00 300 I=t,N 008520
RR( I)=RTR(I)  008530

800 RI( j) RT T ( I )  00854 0
IF I I . E—4 — A 8 S ( R I ( l )  ) )54 ,5 5 ,5 5  00855 0

5’. WWI’SQRIIRR (1)”2+RI (1)”?) 008560
26 IF (WWt + .k’WWI.LT. WN) GO TO 23 008970

IF (WW1- .4’WWI.IT.WN ) GO TO 20 008580
23 WNLA = NH/ALA 008590

ALAN )) = i./WNLA 003600
LI 1 008610
W P !TE(6,21) Z)4,W N,ROOI RI,ROOTR2 , WNC 000620

21 Fc~MAtUH ),2x5NZSP ‘E14.6,SK5HWSP ‘E14.6.8H RAOFSEC,5X7H1/TPI =114006630
1.6,5X7141/TP2 E14.6/271 5)4 EI4.6,ltH CYCLES/SIC, 008640
211H0,I7HSI4ORT PERIO0 MODE) 008650

25 PER XKONIOWN’SQRT (j.—AB S (ZN)”2)) 008660
1101 • .693t51)ABS)ZH )’WN) 006670
1102 = 2.30259/(AOS(ZN)’WN) 008680
CTO1’TTOI/PER 068690
CTO2=TTO2/PER 008700
C103=1.0/CTOI 008710
CTO4=i.0/CT02 008720
17W 2.’ZN’WN 006730
WHOS = (WN)”2 608740
TF(ZN) 110,110,402 008750

402 WRITE (6,t21.)PER,TTO1.TTO2,CTOt,CTO2,CTO3,CTO4,TZW ,WN0S 008760
124 FORMAT UHO,IIXBNPERIOD =113.5, AXI9NTIMO0877O

11 TO HALF AMP. =EI3.5,16X24H1IW1 IC) ONE TENTH AM P. E13.5/IH .3682008780
2IHCYCLIS TO HALF AMP. 1t3.5.I’.X2AHCYCLES TO ONE TENTH AMP. Et3.5008790
3/ZSX3OHONE OVER CYCLES TO HALF AMP. =113.5,5XS5HONE OVER CYCLES 10008800
4 ONE TENT H AMP. EII.5/5080H2’i’WN =E13.5,35X5HW5Q =113.5) 008810

RETURN 008620
110 WRITE 16,149)PER,TTOI,1T02,CTO1,CTO2 003830
149 F ORMA T (IHO,1.IX8HPERIOO =Ei3.5,006840

I 4XZIMTIM€ 10 DOUBLE AMP. •E13.5 ,1.6X24HTIME 10 TEN TIMES AMP. =E131J08850
2.5/IN ,34X23HCVCLES TO DOUBLE AMP. =E13.5,I4X26NCYCLES TO TEN TIMEOO8 8AO
39 IMP. ‘113.5) 008870
RETURN 008880

20 WQITE (6,24) ZN, WN ,ROOTR±,ROOTR2, WNC 068890
2’. FORMAI(IHO .2X4NZP =11’..6,5X4HWP =114.6,8H RAO/SEC , 008900

ISXOHI/TSPI =EI4.6,5X8Ht~ TSP2 E14.6/2515H E14.6,IIH CYCLES/SEC006910
2/IHO,16HLONG PERIOD MODE) 0)8920

GO 10 25 008930
55 IFt0..E— k—ARS(RI (2)0)57,56,58 008940
51 WWi .SORT(RR (2)”24R1 12)”2) 008950

GO TO 26 008960
58 GO TO 23 006970

END 008960
SUBROUTINE DMULR )COE,Nt,ROOTR.ROOTI) 008990

C 009000
C 009010

C 009030
C POLYNOMIAL ROOT FINDER SUBROUTINE .... 009040
C 00 90 5 0
C ITERATIVE METHOD FOR POLYNOMIAL EQUATIONS .... 009060

009070

97 
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LOP4GITUOINAL PROGRAM LISTING

C THIS METHOD A PPROXIMATES THE FUNCTION F(Z) BY A QUADRATIC 009080
C WHIC H MAY ,IN GENERAL. HAVE COMPLEX COEFFICIENTS AND DOES NOT 009090
C RE QUIRE A KNOWLECGE OF THE DERIVATIVE OF F(Z) THOUGH 009100
C THE FUNCTION F(Z) MUST BE EVALUATED ONCE PER ITERATION .... 009110
C 039120
C THIS SUOROUTINE FIN0S REAL AND COMPLEX ROOTS OF A POLYNOMIAL 039130
C WITH REAL COEFFICIENTS ,... 009140
C 009150
C 009160
C USE OF MULLER SUBROUTINE ,... 009170
C 1. CALL OMULR (COE,N1,ROOTP,RO0TI) .... 009160
C 2. COE IS THE TAG OF THE ARRAY OF COEFFICIENTS. 009190
C THE COEFFICIENTS MUST BE ORDERED FROM HIGHEST DEGREE 009200
C TO LO WEST DECREE • 039210
0 3. NI IS DEGREE OF THE POLY NOMIAL • 009220
C 4. POOTR IS THE TAG OF THE ARRAY WHERE THE REAL PARTS 009230
C OF THE COMPLE X ROOTS ARL STORED • 019240
C 5. ROOTI IS THE TAG OF THE ARRAY WHERE THE IMAGINARY 009250
C PARTS OF THE COMPLEX ROOTS ARE STOREO .... 009260
C 009270
C ALL ARITHMETIC IS IN THE COMPLEX MOIIE .... 009280
C THEREFORE UNDER—FLOW IS NORMAL FOR REAL ROOTS .... 009290
C 009300
C MULTIPLE ROOTS DECREASES ACCURACY OI~ THIS SUBROUtINE • 009310
C WHEN MULTIPLICITY IS FOUR THE ACCURACY DECREASES TO 009320
C ABOUT TWO PLACES .... 009330
C 009340
C RUNNING TIME IS APPROXIMATELY PROPORTIONAL TO 009350
C DEGREE SOUARE D DIVIDED BY TWENTY .... 009360
C FOR DEGREE ELEVEN IT TAKES SIX SECONDS .... 039370
C 009380
C 009390
C 0094 30

C 009420
C 009430
C 009440

DOUBLE PRECISION ROOTR,ROOTI,AXR,AXI, ALPIR,ALPII,TEM 009450
DOUBLE PRECISION 9111R,BETI I,ALP2R , AL P2I,BETZR,BETZI 009460
DOUBLE PRECISION TENR,TEMI,AL P 3 R ,ALP3I,BETJR,BET31 009470
OOUBLI PRECISION ALP4R,ALP4I ,TEM1, itH2,IIELL, BELL 009480
DOUBLE PRECISION TEI,TE2,TE3,1E4,TE5,TE6,TE7.TE8,TE9,TEIO 009490
OO1J%E PRECISION TEII,TE12,1E13 ,TEI4,T115 ,TEIA,DEI5,OEI6,00E 009900

C 00 950. 0
DIMENSION CO F(1) , RO O T R ( ± ) , RO OT I ( I )  009520

0 009 530
N2 NX+j 009540
N 4 0 009550
I=Nli’l 009560

19 IF(COE (I))9,7,9 009570
1 N4 N4+1 009580

ROOTR (N4)=0.000 009590
POOTI(N4) Q.000 009600
I 1—1 009610
IF (N4—NtPt9,37,I9 009620

9 CONTINUE 009630
C 009640
10 A X R = O . B f l 0  009650

6XI 0.000 009660
L I  009670

98
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AFFDL-TR-78-203

LONGITUDINAL PROGRAM LISTING

N 3 1  009660
ALPIR AX R 009690
ALP1I=AXI 009700
N 1  009710
GO 30 99 009720

o 009730
11 BET1R=TEMR 009740

BETII=TEMI 009750
*XR 0.8500 009760
ALP2R=AXR 009770
ALP2I.AXI 009760
M=2 009790
GD TO 99 009800

C 009810
12 RFT2R=TEMR 009820

BET2I=TEMI 009830
AXR=0 .900 009840
AIPSR=AXR 009850
ALP 3I=AXI 009860
M’S 009870 - •
GO TO 99 009880

C 009890
13 BET3R=TEMR 009906

61T31=TEMI 009910
14 TE1’A LPIQ—ALP3R 009920

7E2’ALP1I—ALP3I 009930
‘tE5=ALPIR—ALP2R 009940
T16=ALP3I-ALP2I 009950
TEM=TES’TE5GTE6’TE6 009960
T13= ( TE1~~TE5.TE2’TE6)/TEM 009970
T€4=(TE2’T55—TEI’T€6)/TEM 009980
3E7=TE3+1.000 009990
TE9 TEI’TE3—TE4’TE4 016000 -

•
1EA0=2 .000’T 13’T Ek 010010
DE1S=T17’BETSP—TEk’B€TSI 010020
0Et6=TE1’BET3I,TE4 8113R 010030
T Eli=T E3’OET 2R— 1E4’BET2I+BET 1R—DEIS 01001.0
TE12.TE3’3ET2DTE4’BET2R~~BETII—DEi6 010050
1E7’TEB—l.OOG 010060
TEi’1E9’BET2R—1E10’BET2I 010070
1E2 T19’BETZI4TEIO’BEIZR 00.0060
1E13=TEI—BETIQ—T E1 B€TSR4T EIU’B€TSI 010090
1114=112—0111 I—TEl’ 81131— TEl (‘SE T.SR 010100
TEIS=DEi5’1E3—0E16’TE4 010110
TEjA=DEiS’1E4.OEIA’TE3 010120

— TEI=1113’TEI3—TEI4’T114—4.000’ (TEII TEI5—TEI2’TEL6) 010130
1E2 2 .0II0 TC13.TE1’.~ 4.0D0~~(TEI2 TE15+TE1j TEi6) 010140
TFM.OSVIRT (TEI’TEI+1E2’1E2) 010150

• IF (TEI)II3,113,112 010160
113 TE4’OSORT(0.900’(TEM—TEI)) 010170

I F(1E4. NE.Q.00)T03=0 .500’T 12 /TE4 00.0180
IFITE4.EQ.0.0001E3=0. D0 6100.90
GO TO 10.1 010200

C 010210
112 T ES. DSI IRT (Q.500 ’OT E P( i- T EL) )  010220

IF(1E2) 1I0,200,200 010230
110 Tt3=—1E 3 00.0240

200 IF lTE3 .ME.0 .D0)1~~4=0.5O3’1E2/TE3 00.0250
IF(1E3.EII.0 .00) IE4.O.O0 010260

111 TE7=TE134113 010270 
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LONGITUDINAL PROGRAM LISTING

1E8 T116+TE4 010280
T19=T113—T13 010290
1110 TEI4—TE4 010300
TFI 2.000’TElS 00.0310
T E2 2 .000’T EI6 010320
IF(TE7’TE7+TE8’TE8—TE9’TE9—TEI0’TE100 204,204,205 010330

204 TE1.TE9 01031.0
TE6 TEIO 010350

205 TEM—TEI’TE7+TE8’1E8 00.0360
113=(TEI’TE7+TE2’T18)/TEM 010370
TE4 (TEO’TE7—TE1’TE6) /TEM 010380
A XR=ALP3R*TE3’TE5—TEI.’116 010390
AXI=ALPTI+TE3’TE6+1E4’TES 010400
A LPSR AX R 010410
ALP’.IAXI 010420
M ’ . 010430
GO TO 99 00.0440

C 010450
0.5 N 6 0 .  010460

36 IF (OABS (HELL) +DABS (BELL) —1 .00—20) 13, 16, 16 010460
16 IE1 D#BS( #LP3R-AXR)4DABS(ALP3I—AXI) 010490

IF (TE1/(DABS (AXR )+DABS(AXI)) 1.0O—7)18,18,t7 010500

Li N1 N34L 010520
ALPIR=ALP2R 010530

— ALP1I=ALP2I 010540
ALP2R=ALP3 R 00.0550
ALP2I=AL PII 010560

— ALP3R=8104R 010570
ALP3I=ALP 4I 010930
BETIR BET2R 010590
BETII BET2I 010600
BEI2R BET3R 01060.0
BET2I BETII 010620
PET3R TEMR 00.0630
01131=IEMT 010646
IF(N3—100)1 6,16,18 010650

IA N4=N4’l 010660
ROOTR (N4O ALP4R 010670
RO OT I ( N4 ) A LP4I 00 . 06 80
N7.0 010690

41 IF ( N4— N 1) 30 ,37 ,37  010100
37 RETURN 00. 0710

30 T F (O A R S ( R O CT H N’ . ) )— l . I j O — 5 ) I 0 , 1 Q ,3 1  00 . 073 3
31 00 TO (32,10),). 010740
32 A XR=ALP IR 010753

A X I = — A L P I I  010760
A).P11=— ALPI: 010770
M 5  010780
GO TO 99 010790

~3 B€TL R’TE M R 010600
0F11I =IEMI 010810
A X R . A L P 2 P  010820
A Xt.—AL~~2I 00.0830
ALP2I —A L P7T 010840
M 6  00 . 08 50
GO 10 99 010860

010870

100
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LONGITUDINAL PROGRAM LISTING

34 BET2R=TEMR 010860
BET2I TEMI 010890
AXR ALP3R 010900
AXT=—AL D3I 010910
ALP3I —ALPSI 010920
L=2 00.0930
M 3  010940

99 TEMR=COE (t) 010950
TEHI=0.000 010960
00 100 1 I,Nt
IEj .TE MR’AX R—TEMI’AXI 010960
TEMI=TEMI’AXRsTEMR’*XI 010990

100 TE)~~=TE1.COE (I.1) 00.1.000
HELL TE1iR 01.1010
BELL’TEMI • 011020

42 IF(N’.)102,i03,102 00.1030
102 DO 101 I 1,N4 011.040

TEMI AX R— ROO TR ( I )  011050
TE1~2= 8XI—ROOTI(I) 011060
TEl~ TEMt TEMI*TEM2’TEM2 011070
1E2=XTEMR’1 1M1#IEMI’TEM2) /TEI 011080
1ENt=(TEHI’IEMI—TEMR’TEM2) flIt 011090

101 TEMR TE2 011100
103 GO TO 111,12,53,I5,33,34),H 011110

END 011120

101
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10 C 1 G A 1 R S N ~~PO~~T AIRC RAFT H ’ .lC ,IIuFT ~~~~~~ M~~.6 IM (,/9/17/OD LIJ N I.15A1
24.1 .77 7’.5. • I 0 C G ~~75 3 2 - L I )  LO~~G1I02

3 1 0 0 0 1  • 1 9 00 0 0 1 0 .  2.0 1.
.437 6. .~~~i LONGIIA ’.
.02 E .03  .3 0 3 0  ~UNG15A ~— 2 .  — 5 . 1  ‘- 0 0 . 3  —1. 1.  .~~ LU4311-A C

LUNG i 5A7

101l11,M EO IUM FIGHTER, SEA LEVEL,  F O R € W A RJ L~,, FLEP S 3 u , 0. ’V S T A L L  LLJNGI111
210. 9 .0  . 22 ’ , 210. . 102 ,3??  32.1/ .  LONGI3I2
221 10. 55810. LONGIII3
1.25 .064 . C 1 2  LONGI1I-.
• CE LONG1IIO -

— .041 — .06 — .i — . 6 21 L O N G11 0 I
9 .5  — 3 .  LONGIII7

6 I C O 1 A T R O N S P O R I  A I R C R A F T  H’kC, C C 0 ~~T CG ’20C ‘1 .77 j)IG 9 /? /o I  L)N61101
4 9 0 7 .  24 .1 .77 745. .0 0 0 5 E 7 3  32.311 LON&1 542
3501 3). 19010001 . 2.0 30. i0803. 2. LON&15A3

6. 6 .3 .25 1 LGNG 1IA-
• r7 5 .03 . 0u 3 1  LONG0503
. C O ~~1? — 2. — 5 . 1  —~~0 .3  —1 .1- ,  — .01 LUNGI, 508
1.3 LON&0 5A 7

I

102

L 
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AFFDL-TR-7 B-203

RUN NO. ISA ELEVATO R NUMERATOR CHA RACTERISTICS

THETA PER CONTROL DEFLECTION
ROOTS (C OM IA L EX FORM)

— .11570—01. B.
.51ATD+0 fl 0.

1,111 = •115659E—01 j.TT2 • .530102E +oo

AT = — .1051440e01 BY = — .5 ?6 575 E .00 CT = — .655109E—02

LONOITUOTNAL VELOCITY PER CONTROL DEFLECTION
ROOTS (COMPLEX FORMI
— .36240+01 0.

.6B130+0t B.

IITUI = .3€,2369E+Oi t/TU2 = — .691252E401.

APi 0 .  0)3 — .733392E.00 CU .241200E+Qi Oti .183706f+02

NOR MAL VELOCITY PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM )
— .25240—0 2 — .60700—01
— .25240—02 .60700—01
— .42660402 .20600—45

ZN •ki6005E—0I NW = . 601571E—01 i/TN • .4266i9E+02

A W  a — .IP)3563E4402 5W IA .703208E403 CW a .402721E+01. OW — .209061E +01.

ALTITUDE ROl E PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)
— .46600—02 0.

•60 2q0-P O 1. 3.-
— .4$42~~D+0i 0.

1/TN! • .4659TtE—02 1/TH2 = — . 402863E+01 i/TH3 a •46i?56E+01

API .j 43563 F+52  OH • — .11 7211E,00 OH — .42701.01+03 DII a — .i9$4975E401

VFQTTCAL ACCELERATION PER DELTA ELEVATOR
ROOTS ICOMPLEX FORM)

— . 46 4 8 0 — 0 2  0.
— .66020+00 .56530.01
— .66020’OO — .56530+01

Z07 = . 1160101+00 WA Z = .569123E,02. IITAfl. = .465645E—02

= . 1XI87OE.02 BA = . 1141451+02 CA = .4272001+03 DA a
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A FFOL-TR-78-203

PUN NO. 111 E L r P I A T O R  NUMERA TOR CHARACTERISTICS

THETA PER CONTROL DEFLECTION
ROOTS (COMPLE X FORM)r •57~~l+0~~Ci

.57340—01 .1.8010+00

ZT = — . 363328E.00 W i . i* P91)41 E4400

AT • — . 9187E.0t BY .l.92205E400 CT • — .153376E+hl 0

LONGITUDINAL VELOCITY PER CONTROL DEFLECTION
ROOTs SCOM PLEx FORM)

— .605804 00 — .1.1520*01
— .60580+00 .11520+01

ZU = .465490E+oo MU  = .130135E+Cj

A U  PP~~ RU — .1O°8?5E4402 CU — .133117E+02 CU • — .i86074E+02

NOR MAL YELOCTTY PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM )

— . 85690—02 —48470*00
.181.70 +00

— .1.3160+02 .67870—45

2W .4S33165—0j NW • .181.945E+00 1/lw = •1375?8E+62

— AN — .80q11.1E+02 RN = — . 111460E+0-4. CW — .218454E+02 OW — .380771E+02

AL TITUDE RATE PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)

— .48710 02 .50950—21
— .2581.0*08 .1~ i5O*01.13150+01

ZN .192738E+0C NH •13’.046E.01 IFTH3 = . 4 07 0 8 0 E — 0 2

A N .86803441.02 BH = .42 1462 1402 CM = .145395E.03 OH • 707t 91E+00
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AFFDL-TR.78.203

PUN NO. 160. ELEVATOR NUMERATOR CHARACTERISTICS

THETA PER CONTROL DEFLECUON
ROOTS (COMPLEX FORM)

~.2143O—01 0.
— .54360*00 0.

i/Ill •2 14275E—0i 1/112 = • 54 .3574E,00

AT — .10510.%E.01 81 = — .5%a67E.00 CT — .t22k66E—0t

LOP4GITUOINIL VELOCITY PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)
— .36450.01 0.
.69340 +01 0.

IITUj .36P.58P3E4 01  t/1U2 = — .693393E+0l

AU 0. BU = — .733392E400 CU • .2I.1200E.0i DU •185363E+02

L 

NORMAL V E&OC ITY PER CONTROL OEFLECTION
ROOTS (COMPLEX FORM)

— .74 360—02 — .60230—01
— .74 36 0—02 .60230—0 1
— .42660+02 .11280—45

— 7W = .122536E+00 NW = .606870E—01 1/lw .‘s26619E+02

O W  = — . tA3563E +82 AN = — .?83368E+03 Ow — .117146E.02 OW —.28841 4E+01

ALTITUDE RATE PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)

.t4460 01

.488~ O+01 8.
— .48390+01 0.

i/TIl t .144816 1—01 j /TH2 .I.85034E401 1/144 3 = .463929E.01.

A P P = .183561E*02 ‘3~4 •62%34 E— D 1 044 — .430866E+0J OH • — .623959E+O1

VE QI TCA L ACCELE RATION PER DELTA ELEVATOR
- - RO OTS (COMPLEX FORM)

— .jI(4~~p)— Qj  0.
- .64410+08 — .56700+01
— .66610+00 .56780+01

787 = .1168191+00 W07 .571603E+01 1/TAll .IQ+T??E—01

86 = .1118701.02 88 = .1?1590E+02 CA .431233E+0 3 0* • .623959E+0t
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RU N  N O. 116 THRUST NUMERATOR ROOTS

THETA PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)

— . 36640.00 .26820+00
— .36640+00 — .26520400

ZT = .810076(400 WI = .452351E*0a

AT . 135854 E—02 81 .17570 3E—03 CT •2j66 0j E—03

LONCITUDINAL VELOCITY PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)

.12220—01 .17180—20
.51080100 — .13970u-01

— .51880+00 .13910+01

ZU .343399E+0Q NO = •t481158E*0t 1/TO = — . 122178E—0j

AU = .814224EG00 80 .922798(400 CU = .201139EG01 QU — .Z4TI4ZE—0t

NORMAL VELOCIT Y PER CONTROL DEFLECTION
ROOTS (COMPLEX FCRMI

— .14480—01 0.
— .66610+00 — .56780.01
— .66610400 .56780+01

ZN = .1165190+00 NW = .571683E+01 LITW = . 1 (4 1 7 7 E — O i

AN = — .183563E#02 9W = — . 783388E.03 OW = — .117146E+02 OW = — .288414E+0t

ALTIT UDE RATE P(R CONTROL DEFLECTION
ROOTS (COMPLEX FORM)
— .77950—02 •6i840—01
— .11950—02 .6181s0 01
— .42700+62 .14q2O—~.7

— 7)4 = .l25063E~~00 hON = .623307E—0i 1/TH3 4 .4270 410+02

A N = .1 56~ E + 2  814 .784117E’D3 OH = .122926(402 OH = •304551E+01

VE RTICAL ACCELERATION PER DELTA ELEVATOR
- - ROOTS (COMPLEX FORM)

— .77990—02 — .61840—01
— . 7TqqD—02 .61840—01
— .42630402 — .27480— 45

- - 10.2 .125126(400 WA T • .623298E—0i 1/Toll = .426316E402

00 = — . t83881E+02 96 = — .781200Ee03 CO = — .122991E.0 2 0* — .304551E+01
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AFFDL-TR-7 8- 203

RUN NO. 114 COUPLING NU44EROI OR ROOTS

THETA TO ELEVATOR, LONGITUDINAL VELOCITY TO THRUST

1/TTU = .546932E+00

OTU = — .~~6t255E40G 8T h — .525741E+00

NORMAL VELOC ITY TO ELEVATOR. LONGITUDINAL VELOCITY TO THRUST

1/TWUI — . 335089E—C2 1/TWU2 = .426651EG02

04411 = — .16781 8D+02 MWU = — .1159420.03 CWU = .2399230+01

7HE’~A TO ELEVATOR, NORMAL VELOCITY TO THRUST

1/TTW = .tt1396E.01.

0.1W = •7485fp6(—01 RTW = .833872E—01

S TIMES THE 4’ A TO ELEVATOR,  ALTITUDE TO THRUST

1/TTH = •111396E+01

6TH = — .74 856 6E—0t  8111 — .833872E—0 t

S TIMES LO NGI 1UDINAL VELOCITY TO THRUST. ALTITUDE TO ELEVATOR

- - IFIUII I = — .485t63~~’Ci 1/TU H2 • •484010EPP01

(UN .1678180.02 BUll = - .1934590+00 CUH = — .3940160+0 3

S TIMES NORMAL V~ LOCITY  ID THRUST. ALTITUDE TO ELEVATOR

1/TW H = .111396El-Ut

A W N  = ~. 81(11 = .5576820 +02 CWH = .6212340 +02

S TIMES LONG IT UDINAL V ELOCITY TO THRUST. ACCELERATION TO ELEVATOR

j / T U A 7j  = — .278905E +00 1/TUAYZ = — .117200E+03

A UA 7 = .1205580.02 8 UAZ — .1416300+04 C UA7 = .3945760+03

PLEASS RETURN PAPER
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AFFDL-TR-78-203

LATERAL—DIRECTIONA L PROGRAM LISTING

PROGRAM LATE (INPUT.OUTPUT, TAPE5 XNPUT,TAPE6 OUTPUT,PLOT) 690103
C LATERAL DIRECTIONAL TRANSFER FUNCTIONS 000110

OIMENSION ROOTR (5),ROOTI(5),804.),P(4),RA(4),AYP(6),OEL(5) 000120
DIMENSION ROOTRO (5), ROOTIO(5),TITLE(21) 000130
DIMENSION APB (3),APSB(3),APA Y (4),INO (8,4),OATA (436) 000140
COMPLEX COM ,CONA.COMB.ANUM .ADEN 000150
COMMON FAA ! CON,00NA ,COM,ANON,AOEN,OTR,IROOT,TR,TS,ZQ,WD.E,PER, 030160
1AP,BP,CP ,OP.A8,BB ,C3,OB,IOPT.A,TA,TB, TC,OATA,TITLE,PLT .JPLT 000170
2,RUN,WDO 000160
COMMONFBB !R HO.U.S,GWT.BSPAN.ZIXB,c,,ALFAI,GAMA .ALX .CXUA ) ,ALFAA , 000190

A ALFAX , PLO ,Y9,YBO,YP ,YR.YOA, ALS,ALBO,ALP.*LR,ALOA,*LOR,ANB .ANBO . 000200
0 ANP,ANR.ANOA, ANDR,ALBP ,ALBOP,ALPP.ALRP,At.OAP,ALORP,ANBp,ANBDp , 000210
C ANPP,A NRP,AIPOA P,ANDRP,Z IZO,ZIXZB, YD R 000220

DOUBL E PRECISION ROOTRO, ROOTID. B, P. RA. AYP, OEL, APB. A PS B,A PAY0002 30
DAIA (IND (I,j),!=1, 6)! 8=6K I, IND (l,2) /7S H FOR 8, 0*000240

1, AND DR DERIVATIVES, AMD PER RADIAN FOR SD, P. AND 8 O ERIVA TIV ES/0002 50
2,IND (1,3)/52H FOR SIDESLIP DERIVIIIVES, PER RADIAN FOR ALL OTNERS/000250
3,IN0li.4)~~51H FOR CONTROL DERIVITIVES, PER RADIAN FOR ALL OTHERS/ 000270
4,(INO (I,3 ),1 6,8 )/3 6H /,(INO (I,4s),I= 6,8 )/3’AH / 033280 P

IPLT=0.SPLO=0. 000290
JJX X O 000300

250 RFAO (5,11 )M,J,K,RUN,IOPT. (TJTLE(fl,I=1,jj) 000310
IF ( E OF (5 ) . N E . 0) S T O P  000320

11 FORMAT( 11, I1, I1, A3,13 ,10A6, A 3)  000330
W RITE(6 ,175)RUN, IT ITLE( I) , I 1,11) 000340

175 FORMAT(IHI,3X, 28H ROOTS OF A/C LATERAL • 000350
* 3O HOI R ECTI O NAL TRANSFER FUNCT IONS,F1H0,365, 000360
• 6HRUN NO. ,03/IHO, 1X, IOAA, A3 )  00 03 70  P

C FOR M=1 USE DIMENSIONAL INPUT DATA (STAB A XIS) 000380
C P1=0 USE NONOI1ENSIONAL INPUT DATA (STAB AXIS) 300390
C FOR J 0 ,  USE NON—DIMEN. STAB. DERIVATIVES WITH UNITS OF I PER RADIAN. 030400
C FOR J=1, USE NON—DIMEN. STAB. DERIVATIVES WITH UNITS OF I PER DEGREE. 300410
C FOR J=2 USE NON—O TMEN. STAB. DERIVITIVE S WITH UNITS PER DC FOR B.OA 000420
C A PlO DR OERIY, AND PER RADIAN FOR BD,P, AND R DERIF. 000430
O ~ OR K 1  USE PRIMED OIMENSIONAL INPUT DATA (STAB AXIS) 000440
C K.0 USE UNPRI FED DIMENSIONAL INPUT DATA (STAB AXIS) 000450

IE(P4.LT.2)GO TO 1143 000460
JJXX = 1 000470
P15.44—5 000480

1143 IF(44)11p3,144,i43 000490
143 IF(1a90,142,90 000500
14’. IF (J . GT . 4) C 6 4 . L CHNG(J ) 300510 P

IF(J .GT .k) PLT PLO 000520
IF(J . L E .4 ) R E A f l ( 5 , 13 ) R HO . U , S .GWI ,B SPAN ,Z IXB ,Z IZB,? IXZ 8,G,ALFA I  , 000 530

A GA MA .A LX , ( CX ( It )  ,11.1,18) ,A L F A A , A L F A X , PLT 00054 0
CY 8 = C X ( 1 ) O C Y 9 D CX ( 2 ) $ C Y P = C X ( 3 ) $ C Y h 4 = C X ( 4 ) $ C Y O A = C ( ( 5 ) $ C Y O R = C X ( 6  000550
C L B = C X ( 7 ) $ C L B O C X ( 8 )  $ C L P = C X ( 9 ) $ C L R= C X ( 1 0 ) $ C L D A= C X  (1I I$CLDR=CX (12) 0 0 0 5 6 0
C P4B=CX(t3)$CNB0=CXli4 )SCNP=CX (15)4CNR=C~~(16)$CNOA=CX(11 ) 300570
CN O R= CX ( 18)  000580
I F IJ .G T .4 )J = J— 5  000590

13 F O R MA T ( 6 E 1 2 .0 )  0 0 0 6 0 0
IF(J) 168,167,168 000610 p

167 W P ITE ( P I , ,202 ) PHO. U .S ,GW T ,BS PAN,z IX B ,  Z IZ B. 1 I4Z 8000620
1.r.,A LFAI,G A MA , A L X ,CYB,CYBO,OYP.CYR,CyDA,OYDR, CLB,CLBO,C000630
2tP,CLR,CLOA ,CLOP .CNB ,CNOD,CNP,CNR,CPADA ,CNDR 000640
3 ,ALFA A , ALFA Y 000650

2E2 FOPPIAT (1H0,5X5OHIN PUT DATA (NON—DINENS IONAL) PER RADIA N 000660
1 /1140.6H RHO E12.4,6X3HU E12.4,6X3HS E12.4, 4X 5 H G WI E12.4, 000670
2 2X711 SPAN =E12 .4.4X5HIXB 112.4/7H 179 =E12.4,3X6H1X28 E12.4, 300600
3 EIX3HG E12.4,ZXTH ALFI •E12.4,3XAHGAMA 012.4,5X4HLX EI?.4/ 000690
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LATERAL—DI R ECTIDNA L PROGRAM LISTING

Pp TH CYS =E12.4.,3X6HCVBO =Ej2.4,4A5HCYP =E12 .4.4X5HCYR E12.4, 000100
5 3X6HCYDA =Ej2 .4,3X6HCYOR =Et2.4/1N CLS =E12.4,3X6HCL50 =Et2.k. 000710
6 4X5HCLP EI2 .4,4X5HCLR =E12 .4 ,3XANCLOA •E12.4.3X6HCLDR E12.4/ 000720
7 7)4 CNB =E12 .1.,3X8.HCNBD E12.4,4X5HCNP =EI2 .4.4X5HCNR EIZ.4, 000730
8 3X6HCNOA =E12.4, 3XoHCNDR E12.4 000740
9 !j X,SNA LFA = ,E12.4.2X1H AL EX ,012.4) 000750
GO TO 1000 000760

168 W PITE (6,166)IIND (I,J),I i,6 ),RHO,hJ,S ,GWT,BSPAN ,ZIXB,ZIZB ,ZIXZS 000770
t,G,ALFAI ,GAMA .ALX ,C’VB.CYBD.CYP ,CYR,CYD*.CYOR, CLB,CLBO, 0000780
2L P,CLR,CLOA,CLDR ,0N8,CNBD,CNP,CNR,CNOA,CNOR,ALFAA,ALFAX 000790

166 F ORMAT (1HO, AX39HINPUT DATA (NON—DIMENSIONAL) PER DEGREE,7A10,A5 000800
1 /J,H0,6H RHO =E12.4,6X314U =E12.4.6X311S E12.4,4XBHGWT E12.4, 000810
2 2X714 SPAN =E12.4,4X5HIXB =E12.k/?H 328 =E12.4,3X61hIXZB E12.4, 000820
3 6X3H5 EI2.4,2X711 ALFI =E12 .4,3X6NGAMA E12.4,SX4HLX =E12.4/ 000830
4 711 CYB =Ej2.4,3XSHCYBO =Et2.4,4X5NCYP Et2.4,4ISNCYR Et2.’., 000840
S 3X6HCYOA E12.4,3X6HCYOR E12.4/714 CLS E12.4.3X6HCLBO =E12.4, 000850
6 h.X5PICLP =E12.I,,4X5HCLR =E1Z.4,3XaHCLDA E12.4,3X6HCLOR E12.4/ 000860
7 711 CN8 CE12.4,3X6HCNBO E12.4,4X5HCNP =E12.4,4X5HCNR E12.4, 000870
8 3X6P4CMOA =E12.4,3X6HCNOR E12.4 000880
9 /IX .6HALFA = ,Et2.Op,2XTH ALEX ,E12.4) 000890
CTR=57. 295779 000900
TF*J.E0.4) GO TO 1104 000910
C18=CYPA DTR 000920
CLB CLB OT R 000930
CNB CNB DTR 000940
IF (J.EB.3) 6010 1000 080950

1104 T F(J .EO.4)  J 2  000950
C Y O A = C Y O A DTR 000970
CYO R=CY OR ’ UTR 0 00980
C1DA= CLCA ~~flTR 000990
CLOR.CLDR1OTR 001000
CNOA CN OPP ’ DTR 001010
CNOR=CNOR’DTR 001020
IF(J .EQ.2) GO TO 1000 0011.30
CYBO CYRO’OT R 00 1040
CYP CYP OTR 001055
CY R= CY R OTR 001060
CLBO=CLBO OTR 001070
CIP CLP DT R 001080
rLR=CLR OTR 00 1090
CNBO CNBO’DTR 001104
CNP CNP’DTR 001110
CNP= CNR1DTR 001120

1000 ALFA 2 (ALFAX—ALFAA )/57 .295779 001130
SINA SIPI(AL FA2) 001140
COSA= C O 5 ( A L FA 2 )  001150
SCLO A C L O A S INA 001160
CLOA CLOA’COSA—CNOA’SINA 001170
CNOA=C NOA COSA+SCLOA 001180
SCLOR.CLDP’SIPPA 031190
C1.OR=CLr4R’COSA—CNOR~~SINA 001200
CNDR CNOR tOSA#SC LO R 001210
SCIBO C LBO’SINA 001220
CLBO=CLBO COSA—0t4B0 51N6 001230
CN8O• CN BO C O S A 4 S C L B O  301240
SCLB CLB STN A 001250
CL R CLB CEISA— C NR ’ SI NA 001260
C NB=CNR’COSA+SCLB 001270

~ CY ~ ‘“SINA 001280
CYP= ‘- ‘ COS A— CYR SINA I-AL FAA/51.295779 001290
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t.ATERAL—OIRECTIC )pAL PROGRAM LISTING

EYR=CY R C O S A + S C Y P  001300
SCLP CLP*SINA .*2 001310
SCCLP :(C LP— CNR) SIAIA COSA 001320
SCLR= CLR SINA”2 001330
SCCLR ( CLR+CNP ) SINA COSA 001340
tLP CLP COSA~~~2+CNR SINA 2—SCCLR 001350
CLR CLR CD5A’~~2—CNr’~~SI N A ~~~2#SCCLP 051360
CNP=CNP*CDSA’ 2—SCLR+SCCLP 001370
CNR=CNR COSA ”2+SCLP+SCCLR 001380
GO TO 96 001390

14.6 RSU RHO’S’U 00 1400
ZMASS=GWTF32. 174 001410
PSUM=RSU/ZMASS - - 001420
RSUX=RSU~~BSPAN/2IXS 001430
RSUZ=RS U’ BSPAN/Z IZS 001440
YV= (RSU)4/2,tl )~~CYB 001450
Y8=hJ YV 001460
YV 0 (DSUM B5PAM,(4.0~~U) ) ‘CY RD 00147 0
YBO~ U’YYO 001480
Y P=(R SU~4 B$P5I4/4.0)~~CYP 001490
YR= (R SUI4’9SP8N/ Lp . Q ) ~~CY R 001500
‘fOA= IRS UM U/2 .Q) CY DA 001510
Y OR=(P~~UM U / 2 . 0) CYDR 001520
ALB = (R IJX’U/2.0)’CLB 001530
ALSO= ~. I~SUX’ BS PAN/4.0 )  CLBO 001540
ALP (RSUX~ B5PA14/4.0) CLP 001550
A LR= (~~SUX ’8SPAM/4.0 i ’CLR 001560
ALDA .(RSUX UI2.0) CLOA 001570
5(.DR=(RSUX’U/2.0)~~CLOR 001580

• ANR=(RSUZ’U/2,0) 0N5 001590
A NBO= (RS UZ~ 0S PAN/4.0 ) CNBO 001600
A NP=(RS UZ’ BSPAN/4 .0 )  1CNP 001610
A NP= ( RSUZ BSPAN/4.0 ) CN8 001620
A NUA= (RSUZ U/2.00 Ci401 001630
A N D R= ( RS UZ * U/ 2 . O ) + C NO R  001640
WPITE(6,380)YB,VBD,’VP,YR,VOA,YT)R,ALB,ALBD ,ALP,ALR,ALDA ,ALDR, 001650
I ANB ,A N BO,A N P ,ANR ,A N OA , A NO R  001660

100 FORMA T ( I HO ,5X3 3 HOIMENSI ONAL STABI LITY DERIVAT IVES 001670
1 /IHO,2 X41179 =E12.4,4X5HYBD =E12.4,5X4HYP E12.4,5X4HYR =Et2.4, 001680
2 4X5HYOA =E12.4,4XSNYOR =E12.4/7X4HLB =E12.4,4XSH LBO E12.4, 001690
3 5X 4 H L P =E12.4,5X414L8 =Ei2.~+,4pX5HLDA =112.4,4XSHLOR E12.4F 001700
I. 3X4HN8 =E12. 4., 4X 5 H NSO =E12.4,SX 4HNP =E12.4,5X4HNR •E12.4, 001710
5 4XSHMDA =012 .k.4XS NNDR E12.4) 001720

G O TO 145 001730
1’.2 IF (J .GT .4) CALL  CHNG(J ) 001740

IF (.J.GT.4)PLT=PLO 001150
IF (J . GT . k)G O  TO 1101 001760
R EA O ( 5 ,  12)U,G.ALEA I,GAMA ,AL X ,2IX0,ZIZB,ZIXZB,Y8,YBD, Y08i770
1P,YR,YOA ,YOR,8L8,ALBD,ALP ,ALR .ALDA, ALOR. ANB ,ANB002UOO
2, AN P,ANR ,ANDA , AND R 001790
3 ,A L FA A , A L F A X , PLT 001800

1101 IFtJ .GT .4)J J—5 001810
12 FORMAT (6E12.0) 001820

W PITE(6,203)U,G,AL FAI,G A MA ,ALX .ZIXB,ZIZB,ZIXZB,YB,YBD,YP, 001830
IYD,VOA, YDR,ALP, ALB0,ALP .ALR, A L O A ,AL0R, ANB,ANBO,A0G18’pO
214P.ANR .ANI A ,ANDR 001850
3 ,ALF 6A ,ALFAX 001860

203 FOR I4AT ( 1 l40 ,5X3 9 HT N PUT DAT A (DIMENSIONAL. UNPRIMED) 001870
I /iU0.3X3HU =€12 .4,633HG =E12.4,2XT H ALFI •E i2.4 .3X ANGAMA E12.h.. 001880
2 5X4HLX =E12.4,l.X5HIXB =E12.4/2X5H118 =E12.4,3XSHIXZB =E12.4. 001690
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LATERAL—DIRECTIO6AL PROGRAM LISTING

3 5X4NYB =E12.4..4X5HYBO =E1Z.4,5X4HYP E12.k,5X411YR =E12.4/ 001900
4 2X5NYDA =E12.4,4XSNYDP =E12.4.584NL5 =E12.4,4XSHLBO =E12.4. 001910
5 5X4NLP =ft2.4.SX4HLR E12.4/2X5HLDA =E12.4,4X5HLDR E12.4, 001920
6 5X4HNB E12.4.4X5 H1180 E12.4,5X4HNP =Et2 .4,5X4H NR E12.4/ 001930
7 2XSIINDA E12 .4 ,4X5HNOR =E 12.4 ,3XAHALFA E12 .4 ,3X5HALFX =E12.4) 001940
YV=YSFU 001950
YV O YBO/U 001960

96 OTP 57.!95779 001970
A DO . ( A L F A I —A L F AX )/ D T R  001980
SA=SIN (AOO) 001990
CA=COS(AOO) 002003
TAA=2.0~~ADfl 0020 10
STA=SIN (TAA) 002020
CTA=COS(TAA ) 002030
TtXS=ZI*S’06 2 +ZIZB SA~ ’2 —ZIXZO STA 002040
ZIZS ZTZ9~ CA’ 2 •ZIXB’SA~ ’2 •ZIXl8~ STA 002050
ZIXZS=ZIXZB r•TA..5( ZIXB—ZIZB) 4STA 002050

30 14.6 002070
145 XM iIXZS/ZIXS 002080

ZM ZIXZS/ZIZS 002090
OXZ=i.0— ( (ASSIZIXZS)’ 2)/(1IXS1ZIZS)) 002100
ALBP • (AL B+X M A NB) F0XZ 002110
ALRO P=(AL8D +XM~~AN80)/DXZ 002120
ANBP IANB4ZM ALB) !OXZ 002130
AN8DP= (8449042M’AL000/DXZ 002140
ALPP= (ALP,XM ANP)/QXZ 002150
A NPP=(ANP1ZM 3A LP)~~DXZ 002160
ALRP (ALR+XM ANR) ,OX2 002170
A PJRP (ANR+2M ALR) /OX? 002160
ALDAP=tALDA #X~~.ANflA )/DX7 002190
ANOAP= (ANDA#ZM ALDA)/DXZ 002200
AIORP=(AL DR+XM ANDR)/DXZ 002210
ANDRP=IAHOR#7$ AL DR) /DXZ 002220
YP=YP+U’SINOALFAX/OTRO 002230
YP=YR.U (1.—COS(ALFA X/DTR)) 002240
VRI1E (6,301)ALrA3,At~~AA ,ALF#X,flX$,ZIZ5,ZIXjS,AL0P,ALBDP, 002250
I ALPP,A L R P ,ALC A P,ALDRP,ANBP,ANBOP,ANPP,ANRP,ANOAP ,*NDRP 002260

3)11 FORMAT(1110,5X4+0HDINENSTONAL STABILITY DERIVATIVES PRIMED 002270
I 11440,AIIALFI =E12.4,3XAHALFA E12.4,3X,6HALFX E12.4, 002280
2 5X’.HIX =E12.4.5X4P417 =E12.4,4X SNIX? E12.4, 002290
X /744 LBP =012.l.,3X6HLB(3P E12.4,4X5HLPP =~~12.4, 002300
3 4X5HLRP E12.4,3X6HLDA D =E12.4,3XSHLORP =E12.4/ZN NBP =E12.4. 002310
A 3X6HNODP CEI2.4,4X544Npp Et2.4,4X5HNRP E12.4,3XAHHO*P EIZ.k. 002320
5 3XAHNORP =E12.4 ) 002330
GO TO 112 002340

90 IF (J.GT.4)CALL CPPNG(JI 002350
IF (J.GT.4)PLT=PLO 002360
IFIJ.&T.l,)GO ID 1100 002370
READ (5, 110U,G,GAMA,ALX ,YB,YSO.YP.YR,YDA ,YOR,&LBP,ALBDP,ALPP, 002380
I ALRP,ALDAP .ALDRP,ANBP,ANBOP,ANPP,APIRP.AN O A P ,ANORP,PLT 002390
ALFAX = 0. 002400
AL F AA = 0. 002410
AL FAI = 0. 002420

1100 IFtJ.GT .4,)J J—5 002430
10 FOR 4IAT (6 E12 .0)  002440

WRITE (6,204)U,G,G*MA,ALX,YB,YBD,YP,YR,YOA ,YDR,ALBP ,ALBDP, 002450
I ALPP ,AL R P ,ALCA P,*LURP,ANBP,ANBOP.AHPP,AHRP,ANOAP,ANORP 002460

204 F~~~P1AT(1N0.5X45HjNpUT DATA (OIM(NSIONAL, PRIMED) 002470
1/1H03X3HU =E12.4.6X3416 =E12.4,3X6HGANA 012.4,SX4NL X =012.4, 002480
2 5X414Y3 •E12.4.’.XSHYBO =E12.4/3XkhIYP =E12.4,SX4HYR =E12.4, 002490
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3 4X5NYDA =E12.4,4X5HYOR •E12.4,4.X5HLBP =E12.4,3X6HLBOP =E12.4/ 002500
Ii 2XSHLPP =EiZ.4,I.XSHLRP E12.4.3X6HLOAP =E12.4,3X6hILDRP •E12.4 . 002510
5 4X5HNBP E12.4,3XAHNBDP 012.4/2X5HNPP EIZ.4,4X5HNRP =012.4, 002520
6 3X641N05P E12.4.3X6HNDRP EIZ.k) 002530
YV=Y9/U 002540
YVD YBDFU 002550

112 0TR 57.2 95779 002560
X X ON~ 2.Q 3.I4I59 002570
GOD (GAMA1A L FA ~~)/OTR 002580
SG=SIN(000) 002590
CG=COS (GOO) 002600
GSG=G SG 002610
GCG=G CG 002620
R7ERO=0.0 002630
IROOT=1 002640
IF(PLT.GT.C..ANO.IPLT.EQ.0 )CALL PLOTS(DATA,4.38) 002650

C LATERAL—DIRECTIONAL DENOMINATOR 002660
A 1.0—YVD 002670
BD=—ALP P—ANRP—YV.AN3OP~~(j.0—CYR/U))—ALB0P ~~tYP/U) 002680
1 +YVD (ANRP1ALPP) 002690 P

C=ANRP’AL PP—ALRP’ANPP#ANBP’ (1.0— (YR/U) )+YV (ALPP.ANRp) 002700
I —~~YP/U)’8L8P—ANB0P (6LPP’t1.0—(YR/U) )4IYP/U) ALRP+ (GSG/U)) 002710
2 +AL BOP (ANPP ( I . 0 — ( Y R /U) )* ( Y P ,U) ’A N R P— ( G C G I U l ) 002720 P

3 4YVD’( ALRP AN PP—ANRP ALPP) 002730
0 0LRP 8NPP’YV—ANRP~ ALPP~ YVPIYP/U) IANRP’ALBP—A LRP ANBP) 002740
1 •(I.0—(YR/UI)’(ALBP’ANPP—ALPP*ANBP)— (GCG/U)3ALBP 002750
2 _ (GSGIU) 8NBP+ANOOP* ((GSG/U) ALPP_ (GCG/U) ALRP) 002760
3 .A LSO P’(A G CG/ U) ’ANRP—(GSG/U ) ’ANP P)  002710

E=(GCG/U) (ANR P~~AL 0 P—ALRP ’ANB P)4  (GSG/U)9 ALPP ANSP—ALBP’ANPP ) 032780
WRI TE  (6,176) 002790

176 FORHAT (1H0,15 X,37HLATERAL DIRECTIONAL DENOMINATOR ROOTS) 002800
DEL(t) A 002810
O E L ( 2 ) = B O  002820
OEL(3 4 C  002830

0 0 2 8 4 0
002850

445.44 002850
CALL OI4ULR (OEL .N,ROOIRD,ROOTIDI 002870
M 1  002860

66 W P IT E ( 6 , 4 . 0 1)  032890
451 FORMAT(IH .20HROOTS (COMPLEX FORM)) 002900

TF (M.EO.3) GO TO 1001 002910
IF1M.EQ.5.ANO .JX Y.EO.1) GO TO 100? 002920
WFITE(6,403)RZERO ,RZEPO 002930

4 4 0 3  F O R M A T ( 5 ~~,~~Cp,~~,j 3X ~ E4p. j)  U02-940 
- •

1)107 00 1007 I 1 , N 002950
I F ( DA B S ( R O O T I O ( T ) ) . L T . 1 . 0 — 5 ) G 0  10 1001 002960
W R I T E(6 , Z U R O O T R O I I ) ,ROOTI D(I)  002910

21 F O R MA T ( I H  ,3Xt12.4,5X0L2.4) 002980
GO 10 1002 002990

1061 W~~ITE )6,21)ROOTPO(I) 003000
1052 CONTINUE 003010

00 800 1=1, 14 003020
ROOTR(t)=QOOTRO(I) 003030

A CE POOTI(I)=RCOTIO(I) 003040
GO TO (94 ,67 ,72 , 73 ,80) ,M 003050

9’. I F ( 1 . E — 6 — A 8 S ( P O OT I (j ) ) ) j 1 9 , 1 2 0 ,j 20 00 305 0
119 Wj5.SQRTIROO TR)j)*12+ROOT3(1) ’2) 003070

WDI=ABS(ROOTI(jI) 003060
? 1 • — P OOT R I I , /W 1  003090
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W 3 WI FX KO N 003100
WD3.WO1/XKON 003110

11.5 IE(t.0—4—A8S (ROOTII310) 116.1.11,117 003120
11€ W O=S Q RI ( RO DT R( 3) 2+ ROOTI(3)  ~2 )  003130

W O O . A R S ( R O OT I ( 3 ) )  003140
Z 0 = — R D O T R ( 3 ) / W O  003150
W4. =W O/ X KON 003150
WD4:WOO/XXON 003170
IF(ABS(ROOTI(I)).LT. .001)60 TO 91 003180
IPOOT=2 003190
IEIWD —W1 ) 173,173, 174 003200

174 WRITE(6,39)?1,Wt,ZD,W0,WDD.W3,W4,WOk 003210
11=1 003220
GO TO 222 003230

113 WRITE (6,39)Z0,WD,ZI,W1,WDI,W4,W3 ,WD3 003240
39 EOPMAT(IHG, 04)421 .EI4.6,IX. O4HWI = ,E14.6,IX, OTHRAO/SEC.4X. 04003250

•1122 = , E1’..6,IX, O4NW2 = ,014.6,IX. O7HRAD/SEC,4X, O6HWDDR =.E1003250
•4.6,1X.O7HRAD/SEC,/24X,O1H .E14•6,IX. I0HCYCLES/SEC,23X,01H~ 0032 10
• ,ELk.6,tX. I0HCYCLESISEC, 6X, .tN= .E14.6.iX, I0NCYCLES/SEC) 003280
DUMB’ZI 003290
21=20 003300
Z0=DUMB 003310
STUPE~~W I 003320
W1•WD 003330
WD=STUPE 003340
STUPIO=WOI 003350
W01.WDO 003360
WTDD=STUPID 00337)1
11=0. 003380
GO TO 222 003390

120 101=—1./ ROOT R( 1)  003400
RO O T I I I ) = 0 . O  0034.1 0

— I F ( 0 . E— 4 . — A IA S ( Q O O T I ( 2 0 0 0  130,131, 131 003420
150 W0 =5 Q RT (R0OT R(2 I’ 2 + R O O T t ( 2 ) ’~~2) 003430

WOD=A 8S (ROOTI (2 )) 003443
2D=— R0O~~R ( 2 ) / W O  003450
W4 5.WO/XKOM 003466
W D 4 = W O D / X K O N  3 0 3 4 4 7 0
102.—1./ROOTP(4) 003460
GO TO 91 0334 90

131 102 —1. ,ROOTR (2) 003500
GO 10 ItS 003511

91. Ii ~ 2 003520
YF(ABS (TDI).LT.ABS (TO ))GO TO 89 003536
WRITE (6,170)Ttj,T02,ZD,WO,WDO,Wk,W04 003540

170 FO RMAT (1H0 ,tX ’ . I ITS  =014.6,3X,4HIR =E14.6,3X,5HZDR =E14.6, 003550
A 3X,5HWDR =E14.6,8H PAD/SEC ,AX ,6H WODR =Ei’..6,8H RAO/SEC, 003560

• 2 /111 , 69 X , 01H ,Ej’..6,1jH CYCL (SISEC,8X, O1H.,E1 4.6,1XH CYCLES/SE003570
‘ci 003560

TS~ TD1 003590
TP ’T02 003600
I 1’2 003610
GO 10 222 003620

89 WRIIEI5,170)TD2,TDI,Z0,WD,W0O,W 44,W04 003630
003640

T P*T Oj  003650
GO TO 22? 003660

117 T 0 3 r— 1 . / R D O T R ( 3 )  003610
104=—1 ./ROO1R(4) 033660

003690

117
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W00 W01 003700
ZO=71 003710
I F(A SS ( R D O T I ( 1) ) .G T . .C 0 1) G O  TO 109 003720
W RITE (6 , t T t)T O I ,T 0 2 , T03,T04 003130
IROOT O 00374 0

171 F CRMAT (1H0,7H Ti E14.6,4X,7H 72 E14.6 .4X,7H T3 •E14.6, 003750
1. 4XA H 14 =E14.6 )  003760

GO TO 221 003770
109 11=2 003780

I F (A B S ( 1 D 3) . LT . A B S(T 04 ) ) G O  TO 124 003790
WRITE(6,1701TD3,T04.Z1,Wi,WO1,W3,WD3 003800
TS TO3 003610
TP TD4 003820
GO TO 222 003630

124 W P IT E(6 , 1 7 0 )T O4 ,T D3 ,Z i , W1, W 0I . W 3, W O3 00384 0
T S TD4 003650
1R T03 003860

222 PER X’(ON/(WO SQRT (I.—A9S(!D)”2)) 003670
TO R~ XKON /WD 003680
TTOI . 6 93 15 / (A RS ( ? O ) ’W O )  003690
TTO2 2. 30259/(ABS(ZD)’WD) 003900
CT O 1=TTOI/ P~~R 003910
C T O2 =TTO2/P EP 003920
CTO3= 1.0/CTOI 003930
CT04 1.0/CTO2 003940
IF(ZD)223,223.224 003950

224. WRI T E(6 , ij k)T0R,TT O1 ,TTO2, PER,CTO I .CT O2,CT O3 ,C 104 003960
114 FO R M A T ( I H Q , IX I7 H O U T C H  ROLL MODE /1H 0,AX6HT DR •E13.5, 003970

1 13XI9HT IMF TO HALF AM P. •E13.5 ,IaX24HT IME TO ONE TENTH AMP. , 003980
2 E13.5.~~IH ,AXSHIDDR E13.5,IIX2IHCYCLES TO HALF AMP. . 003990
X E13.5, I4X26 HCYCLES TO ONE TENTH A MP. =013.5, 004000
3/28X30H0N0 OVER CYCLES TO HALF AMP. =E13.5,5X3SHOWE OVER CYCLES 10004010
4 ONE TENTH SlAP. =E13.5~ 0044 020
TZW 2.’ZO WD 004030
WMOSO WO WD 004040
W Q IT E (6 , 6 0 0 ) T Z W ,W NOSQ 004050

600 F ORMAT(’.8X .10H2 Z0’WOR =,E13.5,33X,7HWORSO = ,E13.5) 004060
GO TO 165 004070

223 WRITE (6,402) 108,7701, TTO2,PER,CTOI,CTO2 034080
452 FO RMA T ( IHO, IX15 H DUTC H ROLL MOOE,/IHO .IIX6HTOR 013.S, 004090

• 1 EX2 1NT IME TO DOUBLE AMP. 1i3.5,16X24HTIHE TO TEN TIMES AMP. , 004 100
2 (1.3.5,/tN ,1IX ,6HTODR E13.5,4X,23HCYCLES TO DOUBLE AMP. =, 004110
3 E13.5,I4X2SHCYCLES TO TEN TIMES AMP. =013.5) 004120
T7W2.’Zfl’WO 034130
W N 0 S Q~~WO’WD 004140
WRITE(6.600)TZW ,WNOSO 004150

165 GO TO (1449,221).!1 004150
149 PER=XK0N/ (WI’SQRT (i.—ABS (21)’ 2)) 004170

T DR .XXOP4/W1 004180
TTOI .693 15,(A BS IZ1) ’W i )  004190
TTO2=2. 30259/ (ABSU1)’WI) 004200
CTOI TTPSI/PER 004210
CTO 2• TT O2 FP ER 004220
CT O 3 =t . ( /CT O 1  004230
CTO4=1. 0 FCTO2 004240
IF(Z 1)164,164,i69 004250

169 W QIT E(5 , 177 )T O R,TTO I ,T 102 ,PE R,CTO I ,CTO2 ,CT O 3.CTO4 004260
T ZWLP ?. ’W l’Z l  004270
WNOSOL •W1’WI 004260
W PITF(5,600)T?WLP,44NOSQI. 004290

118 
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177 FORMAT(IHO,1X17HLONG PERIOD MODE /1H0,6X6HTDR E13.5. 004300
I A3XjRHTIME TO HALF AMP. E13.5,16X24HTIME 10 ONE IENTH AMP. =, 00 4310
2 €13,5./1H ,6XSHTOO P =E13.5,I1X2IHCYCLES TO HALF AMP. . 004320
O E13.5,I4O2SHCYCLES TO ONE TENTH AMP. =E13.5, 004330
3/ 28X30 ’ IO NE OVER CYCLES TO HALF AMP. .E13.5.5X3511044E OVER CYCLES 10004340
4 ONE TENTH AMP. =E13.5) 004350

GO 10 221. 004360
16’. W RITE(6,178) TDR,TT01,TTOZ,PER.CTOI,CTO2 004370
118 F ORIIA1(jHO, IXISHLONG PERIOD MOOE./1H0,IIX6HTDR E13.5. 00438~

1 6X2IHTTME TO DOUBLE AMP. =E13.5.16X2’.HTINE 70 TEN TIMES AMP. =, 004390
2 E13.5,/1H ,I1X ,A HTD D P 5 .E13.5 ,4X ,23HCY C LES TO DOUBLE AMP. ., 0 0 4 4 0 0
O E13.5.l1.X26HCYCLES TO TEN 11MEI AMP . =E13.5) 0044.10
T7WL P’2.’WI ZI 004423
WNOSQL=W0.’WI 004430

221 W RITE (S,201)A, BO,C,O,E 004440
201 FcRl8AT(jHO,37X12HCOEFF1CIENTS/1H0,4X3HA =E13 .5,3X311B =EL3.5. 004450

1 3X3HC =E13.S, 303P4 0 E13.5.3X3HE =E13.5) 004460
CON = — ZD WO 004470
CONS = WD’SORTlI.—ABS(ZO)”2) 004486
CON = IMPLX (C O N,C ONA )  004490
COMA = COM’COP ’ 0 0 4 5 0 0
COMB = COMA ’ CO M 004510
A NUM = (ALBOP’(YR/U—l.).ALRP—YVD’ALRP)’COMA 004526
I ~ ( ( Y R/ U — i . )  ‘A LBP+AL8~~P GSG/U— ALRP ’YV ) ’COM +AL BP’G SG/U 004 530

ADEN = (Y R/U—1, ) ’CO MB+(A LRP’Y P/U GGSG/ U— * LP P’ (YR/U— I .) ) ’ CO I I A 004540
1 • (AL R P* GCG~~U—AL P P’G5GfU ) ’CuJM 004550
P108 = SQRT ((PEAL (ANUM)”2,A14486(ANUMI”2)/ 004.560

1 (REAL000EN )”2+AIMAG(ADEN ) “21) 004570
WRITE )b,509 )PTO B 004580

500 FORMAT (/ / 2X , I9 HPHI  TO BETA R A T I O  =, E12.4) 004590
SIG MA=RHO/2 .3769E—03 004600
PV MAG=DTR’PTOR /(U’SQRT(SIGMAI) 004.610
W RITE (6 , 5 0 2 ) PV M A G  004620

502 F OQ’ I A T O / 2 X ,A R M P H I  TO EO UTV VEL ,E12.4) 004630
FSPTOR=WD”2’PTOR 004640
WPITE (6,504)FS TOR 004650

504 F~~~MA T ( / 2X ,36HFR EQ SQUARED TIMES PHI TO BETA RAT IO  .012.4) 004.666
C AILERON 004670

YO=YDA 004.680
A LVP=AL DAP 004690
ANUP .ASIDAP 004700

• J I Ø  00447 10
IF(YD.NE .0.0)GO 70 1003 004120
IF(ALOP.NE.0.0)GO TO 1003 004730
IF (ANOP.NE.0.0)GO TO 1003 004740
WRITE (’..j)104) PUN 004750

1004 FCR MAT ( 1H 1 .5X8 H R U N NO. A 3 , / I HO,t OX,  034760
P 1 6OHTHE AI LERCN NUMERATOR ROOTS AND CHARACTERISTICS APE ZERO. 004770

GO TO 113 004 760
1003 WPITE(6,14)RUN 004790
1’. FDR I4A IIIH1,2X8HPUN NO. A3 ,SX23HAILERON NUMERATOR ROOTS) 004800

C SIDESLI P TO CONTROL DEFLECTION NUMERATOR 004810
92 WRITE (6,302) 004820
302 FCRMAT(IHS ,ISX3BHSIDESLSP TO CONT I~OL DEFLECTION) 004830

P DO 335 I1 1,5 00484.0
ROOTRI I I )  = 0.0 004.8 50

310 P0071(11)’  0 .6  004660
A B=VD FJ 004870
RB —A 9’ (ALPP,ANRP1,ANOP’ ((yR~~U)—t.0)4ALOP’tYP/U) 004860
CB AB’(ALPP ’ANRP—ALRP ’ANPP)+ANOP UYP/UI ALRP— (YRIU 004693
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1 •ALPPeA LPP+(GSG/UI ) ,A LDP’ ((YR/ U) ’ANPP— (YP/U i’AN RP—ANPP 004900
2 +(GCG/U)) 004910
08=10CC/U)’ (A LRP’ANDP—A NRP’ A I.OP) + GSG/U) ’(ALOP ANPP— 004920
1 ALPP’A HOP) 004930

B( 1)=AB 004940
9(20=99 004950
B(31=CB 004960
S(k) fl8 004970
IF(B(1))52,63,62 004960

63 44 =2 004.990
8111=81?) 0 0 5 0 0 0
8 12 ) = S (3 )  005010
S(3) 8 (4 )  005020
GO TO 84 005030

62 44 =3 005040
84 CALL OMULR (B,N,ROOTRO.ROOTTO) 005050

005061.
GO TO 66 005070

67 IF(P4—2)64,65,6’. 005060
65 TF (1.E—2—ABS(ROOTI (1) ) )41,42,42 005090
41 WB SQRT (ROOTR(1)”Z+ROOT I( i I  “2) 005100

ZR=—ROOTRI1I/ W8 005110
WRITE l6,30)ZB,WB 0051.20

30 FORMAT (IHO, 7X,4H78 E14.6,7X,4HWS =E14.6) 005130
GO tO 81 005140

42 ROOTP ( i ) — RO O T R( 1 )  005150
ROOTR (2)=—ROOTR (21 005180
WPIIE (6,29)ROOTR(1),ROOTR (2) 005170

29 F O R M A  1(1)40,40 .7)41/TOt Et4. 6,40,71111782 ‘(14.6) 005180
GO TO 81 005 190

64 I F ( 1 . E— 2 — A R S ( R O O T I ( 1)  1)4 3 ,44 ,44  005200
43 WRI SQRTIROOTPU)”2#ROOT II I)”2)  005210

Z81=—ROOTR (1)/WB1 005220
ROOTR (l)=—RQIOTR(3t 005230
W R IT E (F’ ,152 12B1,W 81.R O O T R ( 3 )  00524 0

1.52 FCRI IAT ( 1H0, 7X ,51-IZB E14.6,5X ,5HW13 =Et4.6,5X,THI/ IBO. ‘(14.6) 00S250
• GO TO 81 00526 0
• 44 TF (i.E—2—ABS (POOTI(2)I)45,46,46 005270

P 45 WB2=SQRS(ROOIR (2)”2+RODTI (2)”2) 005280
Z82 —ROOTR (2 )/WB2 005290
POOIP(1) —ROOTR (1) 005300
WP ITE (6 , 1 5 1 ) R O OT R ( 1) , Z82,W 82 0353 10

151 F ORMAT (IHO,70,7H1/TB =Ej4.6,5X .5HZB E14.6,5X,5HWB =014.6) 005320
GO 10 81. 005330

46. 00 4.7 I~~t ,3  005340
47 R O C T R ( I ) = — R O O T R ( I )  005350

w°ITE 6,150~~~RDoTR I’i, I=1,3 005360
155 FORMAT(IHO ,50,7Hj/TB1 EI4.6,SX ,7H1/TB2 Ej4.6,50,7H1/T83 EI4.6) 005370
81 WRITE t 6 , 3 0 3) O B , 8 8, CB , 08 005360
103 F r1R MAT ( IHO , 304HAB =012.4 ,304 )483 ‘rt12.4 .3X4HCB =012.4, 005390

P 1 304)408 512.4 ) 005400
C ROIL TO CONTROL DEFLECTION NUMERATOR 0054 10

P WRITE (6,304) 005420
30’. FOR MAT (IHO,15032!IROLL ANGLE TD CCNTWOL DEFLECTION) 0054.30

CO 331 11=1,5 005440PC OTR ( t1 ) r 0 .0  005450
311 P0011(11) = 0 .0  00S4 6 0

A °=IYDIU) ‘ALBDP~ ALOP’(1.0—YVD) 005470
B0= (VD/U) ‘(ALP P—ANRP ’ALBOP4ALRP ’ANBOP) +.,NOP’(ALRP- 0054460

I ALRO P*(1.0~~(Y 0IU))~~5LRO YVO)4ALDP* t~~AN R P ~ YVPANRP*YVD 005 4490

- 
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2 •ANBO P’ ( l . I—(YR/ U)))  005500
OPal YOFU) • ( ALRP’A NeP—ANRP’ALBP ) .ANDP’ (—ALRP ’YV— 005510

• I A1.BP•( Id—(YR/U)I,A LB OP’IGSG/Ul),ALDP’(ANRP’TV ,ANB P’ 00552$
2 ( j . I— (V R/U ) )—A NBOP ’ ( GSG/ U) ) 005530
DP IGSGFU) IANDP’ALS P—ALOP’ANOP ) 005540
P(1)=AP 005550
P(2)’BP 00556 0
P(3)’CP 005570
P04) 0P 005560
IF(P(1) )60,69,66  005590

69 44 =2 $05600
P(1) P(2) 005610
P(2 )a P03 )  005620
P(3) P(41  005630
GO TO 125 055640

68 44=3 005650
125 CALL OMULR (P,N,ROOTRO, ROOT ID) 005660

44=3 005670
GO 10 66 005660

72 IFIN—2)70, l i .70 005690
71 IF( i . E— 2 — A 8 S ( P OO T I I 1  11)40 ,49 ,49  005700
46 WP=SQRT IROOTR(1)”2.ROOTI(X1’ 2) 005710

Z N — R O OT R( t ) / W P  005720
W W P ~~WD 005730
WRITE (6,32) ZP,WP ,W 005740

32 F~~~M A T ( iN0,70 ,4HZP 014.6.7X ,4NWP =Ei4. 6,50. ’W PHI/WD R ‘014.6) 005750
GO TO 62 005760

49 ROOTR(t ) —RO OTR ( i )  005770
ROOTR (2)a—000TR(2) 005784)
WRITE C6,3IOROOTRI1),ROOTRI2) 005790

31 FORHAI( 1H0,4X ,1H1/TPI =014.6, 40,1HI/TP2 ‘(14.6) 005600
GO TO 62 005810

• 70 IF (t.E—2—ABS(ROOTI(111055,51,51 005820
50 WP=SORT (ROOTR (1) ‘24ROOTI (1~~’02) 005630

• ZP —ROOTR (1)/WP 005640
W WP/ WO 005850
ROOTR(3)=—ROOTR(3 ) 035660
WRITE 16.65)ZP,WP,ROOTR (3).W 005870

65 FORMAT (1H0.AXAHZP E14.6,ZX4HWP =tt4.6,TXTHI ITP ‘014.6, 005680
I EX1OHWPHI/WDP E14.6) 005690

• GO TO 82 005900
51 IFII.E—2—A85 (ROOTI (2) ))52.53,53 005910
52 WP=SORT (POOIR(2l”2,ROOTI(2)’ 2) 005920

ZP —ROOTR (2) fliP 005930
W=WP/WD 00594.0

• ROOTPII)=—ROO TR(1) 005950
WRITE (6,Z5IR IOOTR(1).ZP,WP,W 005960

P 25 F~~~MAT(jHO,4X,7N1/TP =E14.6,7X,4HZP =Ei4.6,70,4HWP E14.6, 005970
• 1 SXIOHW°H UWOB =014.6) 005980

GO TO 82 005990
5! 00 40 1 1.3 006000
4.0 POOT RII)=— RDOT R(T )  006010

WRITE (6.25) (ROOTRAI ),I=i,3) 006020
26 FORWAT (IHO,4X,7H1/TPI =E14.6.40,7H1/TP2 =Ej4.6.4X,fl4IITP3 =E14.6) 006030

• 82 W°ITE t6,305)AP,BP,CP,DP 006040
305 FOR MA T ( 1M ) , 3XAH AP =E12.4 ,304N0P 012.4, 3XAH CP ‘E12.4, 006050

I 3X4HDP E12.4) 006060
C YAW RATE TO CONTROL DEFLECTION NUMERATOR 006070

WPITE (6,3861 006060
106 F1~~4 ,A T I 1 H 0 , I 5 0 3 C HY A W  RATE TO CONTROL DEFLECTION) 006090

12~
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A FFDL-TR-78-2 03

LATERAL—OI PECTIOML PROGRAM LISTING

00 332 II 1,5 006 100
ROOTRIIII = 0.0 006110

332 ROOT!(t1) = 0.0 006120
AR (YO/U) A4480P+ANOP’(t.O—YVD ) 006130
BP=IYDFU)’ (  A NBP—ALP P ANBO P+A NPP’ALBDP ) 006140

I ~ANOP’ (—Y0—ALPP’ (j.0—YVO) —ALOOF’ (VP/U)) 006150
2 +ALIJP4(ANPP+ANBOP’(YP/U) —ANPP’YVD) 006160
CR IYO/U) ‘(ALBP ANPP—ANBP’ALPP) 006170
I 4AN FI P’ (TV’ ALPP-ALBP’ (YP/Ul—ALBOP’ 16CC/U)) 006180
2 •ALDP’ (ANBP ’ (VP/U)—A1IPP’YVGANBOP’ (6CC/U)) 006190

0R=(G CG/U) ‘ (ALOP’ANBP—ANDP’ALBP) 006200
RA (1O AR 006210
P4(2 )  ‘BR 006220
RA(3 ) =C R 006230
R414)=T)R 006240
IF(RA(1))7’ . ,75, 7t. 006250

75 N’? 006260
RA(1 )=RA( 2) 006270
RA (2 )=RAI3 ) 006280
RA (3)=RA( ’.) 006290
GO TO 126 006300

74 44,3 006310
126 CALL OMU LR( RA , N,ROOT R0,ROOTIO) 006320

445.4~ 006330
GO TO 66 006340

P 73 !F(N—2)16, 77, 76 006350
77 T F ( 1 . E— 2 — A B S ( RO O I I ( 1)  ) ) 55 ,56,56  006360
55 W P=SORT (ROOT R( l I”2+ROOT !( 1)”2 )  006370

Z R=— R O O T R I I ) / W R  006380
W RIT E(6 ,O4 I ZR,WR 00639 0

34 F ORMAI (IMO,?X4H2R E14.6,7X4HWR E14.61 006400
GO TO 83 006410

56. ROOTROIO=—ROCIR ( 1)  0064.20
R O O I P (2 ) = — R O 0 T R ( 2 )  0064 30
W P IT E (6 . 33 ) PO OT R( 1)  ,R O O T R( 2 )  006440

33 F ORMAT ( 1H0,40 ,7H1/TRI =E14.6.4X.7H1/TR 2 =E14.6) 006450
GO TO R3 006460

76 IF(1.E—2—ABS (ROOTI(1)))51,58,58 006470
57 W R SQ R T ( R D O T Q ( 1)  “2.ROOTI(i)”2) 006480

7P=—RDOTRII)/WR 006490
ROOTR (3)~ -ROOIR (3) 006500

• W PITE (6,86)ZR ,WR,ROOTRI3) 006510
86 FOR~8 A T ( 1H0,4X4 HZP =Ej4.6, 704HW R E14.6. 707H1/T R =014.6) 006520

C D  10 81 006530
58 TF(1.E—2—ABS(RDOTI (2) ) 178,79,79 006540
78 WR=S QRT (6’OOTRI2)”2+RODTI(2)”21 006550

ZR=—ROOTR(2)/WR 006560
POOTR (t) —ROOTP (1) 006510
WRITE (6,27)ROOTR (t),ZR,WR 006580

27 F OR MAT IIHO , ’ .x,7H1/T R ‘E14.6.TX4HZR E14 .6 ,7X4 HWR ‘014.61 006590
GO TO (3 006600

• 79 00 88 1=1.3 00661.0
88 R O O T R ( I ) — R O O T R ( I )  006620

WPITE (6,Z3IRCOTR(1),ROOIRI2) .R O O T R I 3 ) 006630
28 F C RNAT ( IHO ,4X,7H1/TR I  EI4.6,4X, 7HLIIR? =E14.6,40 ,THt/TR3 ‘014.6) 006640
(3 WPITE(6 .3O7IAR,BR .CR,OR 006650
3)17 F CRMAT (1)40,3X4.HAR E13.5,2XAMBR =ttl.5,2X4HCR =013.5, 006660

• 1 2X4H0R sE13.5) 006670
IF(ABS(Ai 8) .LT ..001) GO TO 1005 0*6660

C ACCELERA TION A V PRIME TD CONTROL DEFLECTION NUMERATOR 006690

L 

22
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AFFOL-TR-78-203

LATERAL—DIRECTION AL PROGRAM LISTING

J O-v = 0 006700
WRITE (6,308) 006710

108 F ORMAT (IHO .15X’ACCLEROHET€R SENSED SIDE ACCELERATION TO CONTROL DEOO67ZO
1F1.ECTION’) 006730
AAY P .A )1’U+AR ’ALX 006740
BA YP BB’U+BR’8L04U’SR 006750
CAY P =CR’U .CR’ALXGU’BR—GCG’AP—GSG’AR 006760
OA Y P =OB’U.DR’ALX+U’CR—GCG’)1P—GSG ’BR 006770
C A P  =U’DR-GCG’CP—GSG’C~ 006780

311 AYP (1) AAYP 006790
AYP (2)’BAYP 036800
AYP(3) CAYP 006810
AYP(4) DA YP 006820
AV P( 5 1 € A V P  006830
00 333 I1 1,5 006840
ROO 1R(11) =0 .0  006650

333 R OOTIIII)aS.0 006860
F IF (AYP (1))111,132,tIi 006870

132 AY PII)=AVP (2) 036880
AY P (2)=AYP(3) 006890
AYP(3)AYP (4) 006930
AYP (4)=AYP(5) 006910
IF (AVP (1))121,122,121 006920

121 44=3 006930
GO TO 127 006940

• 122 AYP (t)=AYP (2) 006950
A Y P( 2 ) A Y P ( 3 )  006960

• AYP (3)=AVP(4) 006970
N’? 006980
GO TO 127 006990

— 111 N 4  007000
• 127 CALL DMULR(AYP. N,ROOTRO,ROOTID) 007010

L t  007020
M 5 007030
GO TO 66 00704. 0

60 IFIN— 4)123.134,133 007050
• 133 IF(1.E—2—AB SI POOTI(1))1101,102,102 007.,60
• 102 I F( 1 . E— 2— A BS ( R OOT I (2 ) ) 1 1 03 , 1 0 4 , 1 0 4  007070

183 W1 S O R T ( R O D T R (2 ) ” 2 ~~RO0tI(2)”2 l  007080
ZD—ROOTR (2)/Wt 007090
GO TO (1?8,128,t28.126,1291 ,L 007100

128 IF (1.E—2—ABS(RO0TI(4)))105.196.106 007110
105 W2’SORT (RFIOTR (41’ 2+ROOTI (4)”2) 007120

22=-ROOTR (4) /W2 007130
ROOTR(1).—ROOTR (I) 007140
W RIT E (6 , 3 5 )Z i , W1, Z2 , W2, ROOT R(1) 00715 0

3R FORMAT (1H0,10.6HZAYI E12.4,50,6HWAYI =E12.4.5X,6HZAY2 E12.4,50, 007160
1 SHWAY2 =012.4,30,8H1/TAY =012.4) 007170
GO TO 87 007180

106 GO TO (15,16.11),L 007190
15 CO 97 1=1,5 007200
97 ROOTRII)=—ROOTRII ) 007210

W~~ITE(6,93)ROflTR (1),21,W1,RO0TRl4),ROOTR(5l 007220
91 F DRMATIIHO,1x8Hj/TAYI =012.4.5X6HZAV =EjO,4.586HWAV E12.4, 007230

I 508H1/TAY2 =E12.4.50841/TAY3 E1~~.4) 00724.0
GO TO 87 007250

104 GO TO (163,163.163,163,139) ,L 001260
163 IFII.E—2—A8 5 (ROOTI (3)))L0T,108,108 007270
107 W3=SORT (ROOTR (31”2.ROOTI(3)”2) 007280

23 —ROOTRI3 )FW3 007290

123 
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AFFDL-TR-78-203

LATERAL—DIRECTI ONAL PROGRAM LISTING

GD TO (155,t56,154,i53),L 007300
155 00 98 1=1,5 007310
98 ROOTR (I) —ROOTR (I) 007320

WRITEI6,59IROOTR (t),POOTR (2) .Z3,W.3,ROOTR(51 007330
59 F ORMAT (IHO,1X8111/TAYI 012.4,506H1/TAY2 ‘E12.4,506HZAY3 E12.4, 00734.0

1 506HWAY3 E12.4,5X8H1/TAY5 E12.4) 007350
GO TO 87 007360

108 IF( 1 .E—2—ABS(ROOT I(4) ) ) 135,136 ,136 007370
135 W2 =SORT IROOT R(4 ) ”24 ROOT I (4) ’21 007380

Z 2 = A B S ( R O O T R I 4 ) ) / W 2  007390
GO TO ( 157,156,16,16),L 007400

157 00 99 1=1,3 007410
99 ROOT RII) — ROOTR ( I )  007420

WRITE (6,60)ROOTR(1),ROOTR (2) ,ROOTR(3) ,12,W 2 007430
6)) FORIIAT (1H0,108441/TAY1 E12.4,5X8H1/TAV2 Et2.4.508H1/TAY3 =112.4, 007440

I 5X6H2AY 012.4,5X6HWAY 012.4) 007450
GD TO 87 007460

136 00 TO (159,160,161,162),L 001470
159 00 100 I.I,N 007480
100 ROOTR (I)=—ROOTRII ) 007490

WPITE (6,37) (ROOTR(II .1=1,44) 007500
37 FORMAT ( 1H0, IX 6HI /TAV1 =E12.4 ,5X8H0./TAYZ =E12.4,5X8H 1/TAY3 EIZ.4, 007510

I 5X8H1~ TA V4 E12.4,5X8H1/TAY5 E12.4) 007520
GO TO 87 007530

101 W4 SORTIROOIR(1)”2+ROOT II I)  “2) 007540
Z’. — RO O T R I I ) / W 4  007550
GO TO (14I,141,14t,141,147).L 007560

141 N .N—3 001570
G O TO (23,24) ,N 007580

24 L 2  007590
G O  T O 104 0 0 7 6 0 0

23 L ’. 007610
GO 10 1.04 007620

156 ROOTR (5)=—ROOTP(5) 007630
WPITEIS,36)Z4,444,23.W3,RO0TR (5) 001640

36 FCRHA T (jH3,IX,6HZAYI =Ej2.4,50,6HWAY1 =E12.4,50,SHZAY2 ‘(12.4,50, 007650
16HWAY2 =E02.4,3X,8H1/TA Y1 .E12.4) 007660

GO TO 87 007670
15)1 RO O T P ( I ) — R O O T R ( 3 )  007660

W P IT E (6 , 36 ) 24 ,W 4 , 22 ,W 2 , ROO I R(3 )  007690
60 TO 87 007700

160 W R I T E I 6 , 5 9 ) R C C T P ( 3 ) , R O O T R ( 4 ) ,24, W 4, R O O T R ( 5 )  007710
GO TO 67 007120

134 L 1  007730
CO TO 133 00774.0

17 ROOTR (t) —RCOTR(1) 007750

~ O0TR (k)=—ROOTR(4.) 007760
WRITE (6,18)ROOTR (i),Zi,Wt, POOTR(4) 007770

18 FORMAT II )40,1X 9NIITAYI =Ei2.k,5XAHLAY E12.4.5X6HWAY =E12.4,50 007180
18)41ITAYZ E12.4) 001790

GO TO 87 007800
16 W PITE(6.19) 00161.0
19 Fi~~MA TIl H0,IX 1F YOU GET TO THIS STATEMENT, YOU HAVE A SERIOUS’ 007820

I 3 PROGRAMMING OR LOGIC ERROR’) 007830
GO TO 87 007840

154 POOT.)1(1) —ROOTR(1 ) 007850
ROO T P ( 2 ) . — R O O I R ( 2 )  007860
WRIT E (6 , 2 0 ) R O O T R ( I )  , R O O T R (2 ) ,Z 3 , W 3  007670

20 FORMAI (IH Q,IX8HJ.ITAV1 =E12.4,508H1/TAY2 ‘Ej2.l.,5X6HZAV =012.4, 007880
1506HWA Y ‘012.4) 007890

124
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LATERAL—OI RECTIOO4AL PROGRAM LISTING

GO TO 57 007900
161 DO 179 T’l,Pl 007910
179 ROOTR (I) - R001R11) 001920

WRITE *6,22) IWOOTRIT) ,1 1,N) 007930
22 FORNAT(IHO,IXSNL/TAYI =(12.4.5X8H1/TAY2 ‘(12.4,5X6H1/TAY3 ‘(12.4, 007940

1500Hi/TAY4 ‘(12.4) 007950
GO TO 87 007960

153 WRITE (6 ,54 )Z4 ,W4 , Z 3 ,W 3  007970
• 5t~ F ORIIATI1HO .tX,611Z8Y4 aEI2.4.50,6NNA Y4 E12.4,50.6HZAY3 012.4.5064400?980

IWAY3 0i2.4) 007990
GO TO 87 000000

162 ROOTR (3)=—ROOTR(3) 008010
ROOTR (4) —ROOTR (41 008820
WRITE 16,61)24,W4,ROOTR (3).ROOTRI4I $08030

61 FORMATI1N0,IXEH?AY E12.4,SX6HWAY E12.4,508H1/TAYL =E12.4,5X.8H008040
L1flAYZ =E12.40 008050
GO TV 87 008060

123 L’S 008070
GO TO 133 0*8080

129 ROOTR (1)=—ROOTR (1) 008090
WRITE (6,138)ROOTRII).Z1,W1 008100

136 FORMATILHO,20,THI/TAY =Ei4.6,5X5HZAY Et4.6,SXSHWAY =014.6) 008110
GO TO 87 *08120

139 00 137 1 1,3 008130
137 ROOTRII)=-.ROOTR (I) 008140

WRITE 16,I40)ROOTRIi),ROOTR (2),ROOTRI3) 006150
140 FORNAT (1H0,2XBHI/TAY1 =E14..6,5X8H~ /TAY2 =E14.6.508H1/TAY3 ‘(14.6 ) 008160

GO TO 87 04)6170
147 ROOTR (3)a—ROOTR (3) 008160

WRITE 16,1481Z4,W4,ROOTP(3) 0081.90
04.8 FORMAI(1440,ZXSHTAY ‘E14.6,5X5HWAY =f14.6,5XlHj/TAY ‘(14.6 ) 008200
87 WRIT E 06,3090 AAYP ,BAYP,CAYP,DAYP,EAYP 008210
389 FOR PIAT (1H0,IX EHAAYP EI3.5.2X6HBAVP ‘E13.5,206HCAYP ‘E13.5 008220

1 ~2X6HDAYP E13 .5,2XAHEAVP Et3.5) 008230
TF (JXY.EQ.1)GO TO 1005 008240
W RITE(6 ,3101 008250

310 FORMAT I1HO,15X ’INERTIAL SIDE ACCLERATION TO CONTROL DEFLECTION’) 008260
AAYP AB’U+AR ALO 006270
BAYP BB’U*)OR’ALX+U’AR 008280
CA Y P =CR’U.GR’ALX.U’BR 808290
DAYP DO’U+D°’#LX.U’CR 006300
E#VP U’OR 508317
JXY I 008320
GO TO 31.1 008330

1005 IF( I4RS( I0PT) .NE.2)GO TO 113 008340
C 008350
C OPTION 2 008360
C 0083 10

• • CALL AO PTIJIO 008380
• C PREVIOUSLY CALCULATED — CON,CONA ,COM,ANUM ,AOEN,OTR 008390

c 008400
C RUDDER 008410

113 1F(J1.EO .I.ANO.JJXO.EO .1)GO TO 230 008420
IFIJ1.EO.1)C,0 TO 258 08 84 30
YC=YO R 008440

• ALO PaALORP 008450
ANOP= ANOR P 008460
IF (YD)295,206,205 008470

256 I F( A L D D)2 0 5 , 2 07 , 20 5  008480
207 Icov.N9°3zo05,208,205 006493

125
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LATERAL— OIRECTIOP’AL PROGRA M L STING

285 J 1 1  008500
WRITE (6,36) PUN 006510

38 FORMAT (1H1.20.8IIRUN NO. 83,5X22HRUDDER NUMERATOR ROOTS) 608520
GO TO 92 008530

25)1 WRITE (6,209) RUN 006540
20)1 FORMAT (1H1, 508’4RUN NO. A3,IIHO .IOX€OHTME RUDDER NUMERATOR ROOTS AN008550

ID CHARACTERISTICS ARE ZERO. ) 008560
GO 10 250 008570

230 WRTTE(5,231)RUN 006560
231 F ORMAT (1H1,5X6HRUN NO. A3,50’COIIPLING NUMERATOR ROOTS’) 008590

JJXX O 008600
00 232 11=1,5 008610
ROOTR(I1) 0. 008620

232 ROOII(ItI=0 . 008630
W R I T E I6 , 2 3 3)  008640

233 F ORMAT IIH- ,150’PHI TO AILERON, BETA TO RUDDER’) 008650
ALNLN=ALORP’AN DAP—ALOAP ’ANDRP 008660
YNYN (YOR’ANDAP—Y QA ’ANORP)/U 008670
YLYL’ IYOR’ALOAP—Y DA’ALORP)/U 008680
APB (1)=YLYL 008690
A PB (2),ALNLN’(l.—YR/U )+YNYN’A IRP—YLVL ’ANRP 008100
A P)1(31=—GSG’ALNLNIU 008110
IF(APB (3).E0.0.IGO TO 234 008720
N=2 0*6730
CALL OMULRIAPB,N,ROOIRO,POOTIO) 008740

008750
GO TO 9 008760

6 IF (A8S (ROOTI(1)).LT..000iiGO TO 236 006770
WPB=SQRI (ROOTR (1)”2+ROOTI (1)”2) 008780
ZPP’—ROOTR(I)/WPB 038790
WPITE(6,235)ZPB,WP 8 0 0 8 8 0 0

235 F O PMA T ( 1H0.3XSHZPB =E14.6,505HWP8 E14.6) 008810
7.0 10 2~~8 008820

234 ROOTP (1)’APB(2)/APB(1l 006830
IF (APB (2).ElO.0.O0.OR.APBI3).EQ.0.O0l ROOTR (i)=0. 008640
WPITE(6,237)RDOTR(1) 008850

237 FORMAI( 1H0,4X7H1/TPB =014.6 I 008860
GO TO 23)1 008870

236 POOTR(1) —ROOTR(1 ) 008880
ROOIRI2 )=—ROOTR (2) 008890
I IRITE(6,239)ROOTROI)  ,ROOTRI2) 008900

239 FOR P(AT I IH0 .30’j /TP Bi  =‘E14.6.5X’1/TPB2 “014.6) 008910
238 WRITE(6,240)APBII),APP (2),APB (3) 008920
740 FORMAT(IHO,30’APB “01k.6,5X BPB ‘D14.6,5X’CP8 “014.6) 006930

00 241 11=1,5 008940
POOTR (Tj~~’0. 086950

24.1 ROOTIIII)=0. 008960
C PHI TO AILERON, PSI TO RUDDER 008970

WP !TE06,2421 008980
242 FODMAT(IH- ,15 03PHI TO AILERON , PSI TO RUDDER’) 008990

A PP’ALNLN’ (YVO—t . )—YNVN’ALBDP,YLYL’ANBOP 009000
BPP ALNLN’Y V—Y NYN ’A LBP+Y LYL’AN BP 009010
ROT B P D/APP 009020
IF(AP P.EO.0..OR.OPP.EQ.0.) ROT O. 009*30
WRITE(6,243)ROT 0090-40

243 FOPNAT(1HO, 4X1Hj~~TPP EI4.6) 009050
WRITE(6,2k4)APP,BPP 009060

244 F CPMAIIIH0 ,30’APP ‘014.6,5X’BPP =‘E14.6///I5X, 009070
1 ‘PSI TO AILERON, 8ETA TO RUDDER’) 009080

C PSI TO AILERON, OETA TO RUDDER 009090

126
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APSB(1I YNVN 009100
A PSB (21 A LNLN YP/ U—Y NYN’A LPP,YLYL ’ANPP 00911.0
APS B(3) GCG’AL NLN/U 009120
N’2 009130
CALL OMULR (APSB,N,ROOTRD,ROOTIDI 009140
MM,? 009150
GO TO 9 009160

6 IF (AOS (ROOTI(1)).LT..0001)GO 10 246 009170
WPSB =SORT0ROOTR01)”2.ROOTI 11)”2) 009180
ZPSB =—ROOTR(I)/WPSB 00’1190
W PIIEOA,2471ZP58,WPSB 009200

247 FOR PIAT (INO,3X6HZPSB E14,6,4XSHWPSB =E14.60 009210
GO TO 248 009220

246 ROOTRII)=—ROOTR (t1 009230
POOTR(2)=—ROOIR(2) 00924.0
WPITEO6,249)ROOTR(1) ,ROOTR (2) 009250

249 FORMATIIHO,3X’i/TPSBI =‘E14.6,50’X/TPSB2 “014.6) 009260
246 WRITE (6,25ilA PSBl1),APSB (2),APSBC3) 009270
2S1 FORMAT (1H0.30’APSB =‘014.6,51’BPSB =‘D14.6.50’CPS8 “014.6/I/iSO, 009260

j’PHI TO AILERON, ACCELERATION TO RUDDER’) 009290
00 2S2 11=1.5 009300
ROOIRIII)’0. 009310

2S2 ROOTI (11)=0 . 009320
A P A Y( 1)= U ’A P B( l I . ALX ’A P P  009330
APAY (2) U’APO(2 I 48L0’BPP4U’APP 009340
APA VI 31 U’APB (3)+U’BPP—GSG’APP 009353
APAV (4)’—GSG’BPP 009360
44=3 009310
IF (APAY (4).EQ.000)N= 2 009360
IF (APAVOI).N0.0.000GO TO 25’. 009390
A P A Y ( t ) , A DA Y I2 I  009400
A PAYI2 )=APAY (3) 009410
APAY (3)=APAY(4) 009420
IF(APAY (41.EQ.0.O0)GO TO 2S5 0094.30
N=2 009440

254 CALL DMULP(APAY, N,ROOTRD,ROOTIO ) 009450
MM.3 009460
GO TO 9 009470

5 IFIABS (ROOTI(i)I.LT,.000i )GO TO 257 009460
WPAY =SORT(ROOTI (1)”2+ROOTRII)”2) 009490
ZPAY —ROOTR (i)/WPAY 009500
R0OIR(3)’—RDOTR(3) 009513
IF (N.EO.2)ROOTR (3)=0.0 009520 P

W RIT (l5,258)ZP#V,WPAY,ROOTR(3) 0*9530
258 F~~~MAT (1H0,3X’ZPAY =‘E14.6,5X’WPAY = E11..6,50’l/TPAV “E14.6) 009540

GO TO 260 009550
257 IF (A8S(ROOTII2)l.LT..008t)GO TO 259 009560

WPAY=SORT (ROOTRI2 )”2+ROOTI(2) “21 009570
-

• 7PAY — R O O T R ( 2 ) / W P A Y  009580
ROOT R( 1) =— POOT R( 1)  009590
WRITE (6,256) ZPAY,W PAY,ROOTRI i) 009600
GO TO 260 009610

2S9 ROOTR(i)’—ROOTRII) 009620
ROOTR (2)=—ROOTR(2) 009630
ROOTR (3)=—ROOTR (3) 009640
IF N.EQ.2 ROO5R13 =O .O 009650
WPITE (6,26j) (POOTR(I),I.j,31 0*9660

261 F CRMAT(IHO.3X’l/TPAYI =‘E14.6,5X’1/TDAY2 Et4.6,50 0*9670
1’1/TPAY3 “014.6) 009680

GO TO 260 009690
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255 ROI APAY (3)/APAY(2) $09100
IF (APAY(3). (0.0 .oO.OR.APAY(2) .(Q.0.O0) ROT=0. 009710
WRITE (6,261)ROT ,RZERO,RZERO 009720

260 WRITE(6,262) (APAYII) .1=1,4) 009730
262 F ORMAT(1H0,38’APAY ‘014.6,5X’OPAV ‘014.6,50’CPAY “014.6, 009740

15X’BPAY =‘Dt4.6~ l/15%’pS3 TO AILERON, ACCELERATION’ 009750
20 1) RU000R’) 00976$
00 263 11=1,5 009770
ROOTR (jjI=Q.0 009760

263 ROOTI (I1)=O.O 889790
APAYU ) =U’A PSP (l) 00980$
APAY (21=U’APSB (21 009810
A PAY (3)’U’APSB(3) +GCG’APP 009820
A PAY(4)’GCG BPP 009830
44=3 009840
IF (A P A Y (4 ) . EO . 0 . O O I N =2  009850
IF (APAY (1).NE.O.OO)GO TO 264 009860
A P A Y ( 1 ) = A P A Y ( 2 )  009670
A PAYI2 )=A PAY (3) 009680
APAY (3)=APAY (4) 009890
IF(APAY(4).EO.0.O0 )GO TO 265 009900
N 2  009910

264 CALL DMULROAPA Y ,N,RDOTRO.ROOTID) 009920
M M 4  009930
GO 10 9 009940

4 ZF(ABSOROOTI(tI).LT..000t)6O ID 261 009950
NSA! = SORT (ROOTR(1)”2,R001111)”2) 009963
ZS8Y=—ROOTR(1)/WPAY 009970
ROOTR(3) —ROOTR(3) 009980
IF (N.EQ.?)RO0TR(3)=0.0 039990
WRITE (6,268) Z S A Y , W $ A Y , R Q O T R ( 3 )  0 10000
GO TO 270 0100 10

268 FORMAT (IHO , 30’ZPSAY =‘014.6,5X’WPSAY =‘E14.6,5X’1/TPSAY “014.6) 010020
267 1F (ABSIROOTTI2)).L1. .000IIGO TO 269 010030

WSAY= SORT (ROOTR(21”2,ROOTI(2)”2) 010040
ZSAY=—ROOTR(2 )/WSAY 010050
Rt .OT R)3 )=—ROOIR (3)  010060
WRITE (6,268) ZSAY,WSAY,ROOTR (3) 010070

• GO 10 270 0100 80
26FI RCOTR (t) —ROO1°I1) 010090

ROOTR(2) —ROOTR (2) 0i~~100
ROOTR(3)=—ROOTR(3 ) 010110
IF (N.EQ,2)R001R13)=0.0 010120
WRITEIA,27I) 0 ROOIR(I 1,1=1.3) 0101.30

271 FORMAT (jH0, 3X j/TPSAYJ. = ‘E14.6,50’1/TPSAY2 =‘E14.E.50 010140
j’1~ TPSA Y3 =‘E1’s.6) 010150
60 10 270 010160

263 ROT’A PAV (3)/APAV (2) 010170
IF (APATI3).EO.0.O0.OR.APAY (21 .EO.i).Dfa) )SOT=0. 010180
W RITE (6, 271)ROT,RZERO,R2ERO 01.0190

270 WPITE(6,272)(APAY(I ),j=1,4) 010200
272 FORMAT(1H0.3 0’APSAY = ‘fl14.6,5X’BPSAY ‘O14.6,58’CPSAY “014.6,58, 01021.0

1’OPSAV ‘Dj4.€,f//150’ACCELERATION TO AILERON ,’ 010220
2’ BETA TO RUDDER’) 010230
O02731I 1,5 010240
RCO 1R( 11)= )1 .  010250

27)1 ROOTI(I1) 0. 010260
APAV (I) 4LX’APSR (I) 010210
APAY (2) )1IX’APSB (2) I-U’APSB(I) 010280
APAY(3) 6LX~~A PSB03)4U’ADSB(2)#GSG0AP5B (1)4GCG’APB (j) 010290
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APAY(4) =U’A PSP(3)+GSG’APSB (2)+GCG’APB(2) 010300
44,3 01.0310
IF0AP#Y04).E0.0.O0)N=2 010320
IF (APAY (t).NE.0.O0)GO 70 274 010330
A P A Y ( 1 ) ’ A P A Y ( 2 )  01034 0
APAYI2) APAVI 3) 010350
APAY(3 )’APAY(4) 010360
!F(APAY(4 ).EO.0.O0)GO TO 275 010370
44=2 010380

214 CALL OMULR (APAY,N,ROOTRO,ROOTIO) 010390
M M 5  010400
GO TO ~ 010 410

3 IFIABS 8ROOTI(t)).LT..0031)GO 10 277 010420
W#YB SQRT (ROOIR(I)”2+ROOTI (1) “2) 310430
Z A YR ~~ ROOTR (i)/W8YB 010440
ROOTR(3) —ROOTR(31 010450
IF (N.EQ .2)ROOTR (31=0.0 010460
WRITE (6,2781 ZAYB,WAYB .ROOTR(3) 010470

278 FORMAT ( IHO,3 8’ZAY B ‘€ 14.6,58’WAYS “014. 6,5X ’ 1./ IAVB “014.6) 010460
GD TO 280 010490

• 277 I F(A B S ( R O O I I (2 ) ) . LT . . 0 00 i 1 GO  TO 279 010500
• WA YS =SQRT (ROOTR(2)”2 * ROOTI (2 )”2 )  010510

lAYS —ROOTR (2)/WAYB 010520
R 0OTRtI)=—ROOTR (1 ) 010530
WRITE (6,2781 ZAYB,WAVB,R0OTR (1) 010540
GO TO 2)10 010550

279 ROOTRU) —ROOTR (1) 010560
ROOTR(2) —ROOTR (2) 010570
R O O T R( 3 ) — ROOIR ( 3 )  010580
IF N.E0.2 R OO T P ( 3 =0 010590
WRITE (6,281)IROOTR (I0,I 1,3) 310600

281 FO R MA V ( j H 0 , 3 0 , ’ l/TAYBI  =‘Ei4 .6 ,5X’ 1/TAY32 =‘E14.6,SX 01061.0
l’1/TAYB3 ~‘014.6) 314620
60 10 260 01))630

• 276 POT=APA Y (3I~~4DA V (2) 01064.0
IF)APOY (1) .EO.0.)0.OR. A °AY(2) .EO.,.D0) ROT O. 010653
W~~ITt )6,2)1t)ROT,RZEI8O.RZEPO 010660

2)10 WRITE (6,2821 (A PAY (I),I’1,4) 010670
2)12 FORMAT )  IHO ,3X ’AAYB =‘D14.6,5x 8AY.1 “014.6,5X CAYB ‘014.6, 010660

ISX ’ DAYB ‘f l t4..6) 010690
G O 10 2S*3  010700

0 SF0 7 11=1, 5 010710
• ROOT III1 )’ROOTID(Il) 01.0720

~ ROOTR (T1I ROOTRO (1I) 010130
CO TO (8 , 6 , 5 ,4 , 3) MM 01674.0
EN!) 010753

• SIJ BROUT INT CHNG (J)  0I~~1b0
COMMO’4IBBrnlO,U,S,GWT,S PAN,1 0B,G,AL FI ,GAMA ,LX,CVB,CYBD,CYP,CYR, 010770

A CYDA.CYTh~ ,CLB,CL8D,CLP ,CLR,CLDA,CLOR .CNB,CNSD,CNP ,CNR,CNDA,CNDR,010780
P AL FA , ALF Y ,PLT ,YB,V8O,YP,YR,V O A , L8,LBO,LP,LR.LDA.LOR,N8,NBD. 010790

• C N~ ,NR. ND .NtR.LBP,L BOP,LPP,LR0 .LD4P,LO R P, NBP, N8 O P,NPP,NRP,ND AP , 010800
U NORP,IZ ’ ,IX 7S, YOR 010)110

RFAL 118,18 ,LB,LaO,LP,LR,LD5.LOR,HB,N80, NP,NR, NDA, NDR,LBP,LBDP, 0 10820
A LPP ,LRP .LDAP , LORP, NRP,N SD P,NPP,N RP ,N0AP,NORP,IZB,TXZB 010830
NA MELTST/CHAN &EIRHO,U,S.GWT,SPAN, 188,7., ALFI,G AMA,L O ,CYB,CY8D.CYP, 010840

• A CVR ,~~V O A ,CYOR , CL6,CL8O,tLP ,CLR,C LOA ,CLOR,CNB,CNBO.GNP ,CNR,CNOA, 010650
9 CNDR ,ALFA,ALF 1,PLT,Y8,YSD,YP,YR ,YDA,YOR,L0,LBD,LP,LR ,LOA ,LOR , 010660

• C NB, N)1O,NP,NP, ‘~OA, NDR,L8P,LB0P .LPP,LRP ,LOAP ,LOR P,N8P,NBOP,NPP, 010870
0 NRP ,NCA P ,NURP , IZ S ,5 X 7 5 3 ,T E S I  0 10680

• P FA O ( 5 , C HA N G E )  010890
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IFITES I .EQ.1 )WR IT E(6 .CHANGE)  010900
TEST.0. 010910
RETURN 010920
ENO 010930
SUBROUTINE PLTUP(OATA,T.P,PHI,B,N,PROG.RUN. W0S) 010940
DIMENSION DA TA (436),T(1221,P(122),PHI(122),0(122),PROG(11) 010950
OIWENSIONWCS(3 ) 010960
CALL SCALE (T,1I.,M,1) 010970 -

•

CALL SCALEIP.)1.,N,j) 010960
CALL SCALE (PH1,)1.,N,I) 010990
CALL SCAL€(8 ,8.,N,1) 011000
CALL PLOTI 0.,1.,—3) 01101.0

C 011020
C SET UP AXES 011030
C 011040

CALL AOIS0O.,Q.,ISHROLL RATE — 0EG(SEC,t9,8.,90..P(444i1,PUI,200 011050
CALL AXTS (—.5,0..1SHSANK ANGLE — DEG,16,6.,q0.,PHI(N+1),PHI(84,2)) 011060
CALL AXIS (—I.,0.,201ISIDESLIP ANGLE — OEG,20,6.,90.,80N+1),B(N.2)) 011080
CALL AX1S (O.,0.,I4HTIME — SECONQS,—14,t1.,0.,TlN’1),T(N+2)) 011100

C 011110
C TITLE THE PLOT 011120
C 011130

CALL SYMBOL (2.75,9.00,.2,I6HTIME HISTORY FOR,Q.,16) 011140
CALL SY MBOL (6.15,9.,.2,WO S ,0.,18) 011150
CALL SYMBOL (3.5,8.8-..1,PPOGI1),0.,6) 011160
00 1. 1=2,11 011162

1 CALL SY F4BOL(959.,8.8,.I,PROG (I),0.,6) 011164
C 01.1110
C PLOT THE PLOT 011180
C 011190

CALL LINE (T,P,N,I,N/4,1) 011200
CALL LINE(T,PHI .N,1,N/4,2) 011210
CALL LINE(T,B,N,1,N/4,5) 011220

C 01.1230
C IDENTFY EACH PLOT 011240
C 011250

CALL SYMACI (.2,8...1,1,0., —1 ) 011260
CAL). SYM BOL (.3,A.,.1,IHP,O.,1) 011270
CALL SYMBOL (.2,7.8,.1,2,U.,—11 011280
CALL SYMBOL (.3,7.8,.1,3HPHI,0.,3) 011290
CA LL SYMBOL (.2,7.6,.1,5,0,,—t) 011300
CALL SYMBOL (.3,7.6..1,4HBETA,0.,4) 011310

C 011320
C MOVE TO NEXT PLOT ANO RETURN 011330
C 01.1.340

CALL SYMBOL (11.35,7.00,.I,3HPUN,90.,3) 011350
CALL SYMBOL (11.35,7.35,.1,RUN,90.,3) 011360
CALL ~LOT (tI.5, 1.,3) 011370
CALL PLOT (11.5,9.,2) 011380
CALL CLOT (14. ,—t . ,—3 1 011.390
RETURN 011400
0N0 011410
SUBROUTINE AOPT (J1) 011420
COMMON /AA~ CON,CONA,00M, A 44LJM, A DEN, OTR, 1ROOT,TR,TS, ZO,WD,E,PER, 011430

IA~~,BP,C~~,UP ,IS,))B,C8,08,IORT,A ,TA,TS,TC,DAIA,TITLE,PLT,IPLT $1144.0 P

2 ,RUN, W Ofl  011450
DIMENSION W O R D I ( 3 ) , W O R O 2 ( 3 )  011460
DIMENSION TF4(3),PM(3),TIMEX(1201,P3XX(1200,POA 000120),B300(120) 011470
DIMENSION O A T A  (4 36 ) ,T ITLE (21 )  011460
C OMPLEX COM1,OEN,PN)JM,BNUM, DOBN 011490
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COMPLE X CON • A N O N , ADEN 011500
FUNPOX I =j.IA’ (AP’X”348 P X”2~ CP’X+DP) 011510
F UNBO Y)=1 .~~A’ (AB’X”3+BB’X”2,C9’X~ DB) 011520
P T(T ) =X K P+X K P R’ E E” (X T R ’T )  .XKPS’EA ” (X T S’T )  + 011530
1 XKPOR’EE” (CON’1I’COS(CONA’T4RSIP/OTR) 011540
BT (T)=XKB+XKBP EE”(xTR’T),oKas’Eo” (xrS’T), 011550

1 XKSDR’EE”ICON’T)’COStCONA’T+PSIB/DTR) 011560
PDA(T)’XK P’T+XKPR’TP’(i.—EE” (XTR’T))+XKPS’TS’ 01.1570
I (1.—EE”(XTS’T))+CON2’ (EE’ (CON’T)’(CON’COS(CONA’T+PSIPR) 011560
2 400NA’SIN000NA’T*PSIPRO)+00N3) 011590
DATA (WORO1 (I),I 1,3)/2IHAILERON STEP INPUT /,IWORD2 (E),I t.30 01.1600

A/21HR0000R STEP INPUT / 011610
IF (IOPT.C.T.0.ANO.J1.EO.t0 RETURN 011620
W~~ITE (6.t0i0 ) 01.1.630

1010 FORMAT (1H1,2X ,8HOPT1ON 2/20,2(5)1 I/I) 011640
IF (IRCOT—I) t01t,1015,1013 011650

1011 WPITE(6,I012) 011660
101.2 F OR’ OA T (/ 2 O ,43HNO COMPLEX ROOTS. REQUIREMENTS 00 NOT APP LY) 011670

RETURN 011680
1013 W RITE (6,10141 01.1690
1014 FORMATI#2X,’.9HCOUPLED ROLL— SPIRAL HOOE, Y O U  NAVE FAILED DYNAMIC 011700

= 12H STABILITY 1) 31.1.710
RETURN 011720

0 011730
C INITIALIZATION 01174.0
C 011750
1015 XTR=—i./1R 011760

XTS=—1.ITS 01.1710
EF 2.7182)1 011780
IF(ABS (XTS) ,Nr .Q.0)GO TO 1041 011790
WPITE (6.1046) 011.600

1.04.8 F ORMAT),~~X ,43 HSPIRAL ROOT EQUALS ZERO, OPTION 2 EQUATIONS 011810
ION NOT VALID) 011823

RETURN 01.1830
C 011840
C B ANK ANGLE RESPONSE FROM ROLL RAIL EQUATION 011850
C 011860
1041 CONI=—CON 011870

COMI=CMPLX (CONI,00NA ) 011860
0EN.COM’(COM—XTS)’(COM—XTR)’ (COMsCOMI) 011890

(OEM ) 011900
A IDEN ’A IMAG (DEN) 011910
PAOEN=ATA H2 (AI00N,RVENI OTR 011920
TF (PAOE 6.11.0.0 )PADEN PAOEN.360 • 011930
DENR XTR’(XTR—XTS) ‘( XTR”2+2. ZD’WD’XTR+WD”2) 01.1940
OENS=XIS’(XTS—XTP ) ‘( XTS”2+2.’ZO’WO’XTS.WO”2) 011950

C 01.1960
C P(OSCILLATORY )/P(AVERAGE ) 011970
C 011.980

XKP=0P~’E $11990
XKPR=FUNP (XTR)/OENR 012000
IF OP.Nt.B.0060 TO IOSO 012010
XK PS=1./A ’(  AP ’OTS”2+BP’X T SSC P) / (x . /X T S ’O ENS)  012020
GO TO 1052 012030

I • 1050 X KPS,FUNPlXTS )~~0(NS 012040
1152 PNUM=I.~~A ’(AP’C0M”3+BP’CON”2,CP’COM+OP) 012050

RNUM= QEAL (PNUM) 012060
A INUN=AIMAG (QNUM) 012070

• XKP1=SQRTI (RNUM”23AINLJM”2) /(RDEN”2+AIDEN”2)) 012080
0 12090
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• PANUM=ATAN2 (AINUN ,RNUN)’OTR 112100
IF(PANUM.LT.0 .0 )PANUM=PANUH+360 • 012110
PSIP=PANUM-PADEN 012120
PS1PR=PSIP/DTP 012130
CON2 XKPOR/ (CON”2+CONA”2) 012140
CON3=CON1’COS0PSIPR) —CONA’SIN(PSIPR) 012150
TIME= 0. O 012160
P2 —999 . $12110
P3=PT(TIME) 012160
J = 1 012190
IF(IOPT.GT.0) GO TO 1. 012200
T TME X OJ )  = TIME 012210
P300(J) P3 012220
P0800(J) = P081TIME) 012230

1 DO 1025 1=1,3 012240
1018 P1=P2 012250

P2=P3 012260
T IME=T IME+.I 012270
P3=PTITIM€) 012280
J = J  .1 01.2290
IF (IOPT.GT.0) GO TO 2 012300
TIMEX (J1 TIME 012310
P300(J) = P3 012320
P0*00(J) = PDA (TIME) 0t2330

2 IF (P1.NE. —999.)GO 10 1020 012340
IF(P3.GE.P2)G0 TO 1018 012350
WRITE (5,10j91 012360

1019 FORMATU2X,36HROLL RATE REVERSAL, TRY ANOTHER DESIGN) 012370
GO 10 1027 012360

1020 IF(I.EQ.2)G0 TO 1021 012390
IF (P3.LT .02)GO TO 1024 012400
GO TO 1022 012410

1021 IF (P3.GT.P2)GO TO 1024 012420
1022 IF (TIME.LT.i1.8) GO TO 1018 012430

WRITEIS,153230 01244.0
1023 FORMAT(/2X,44HPEAK ROLL RATE OCCURS AFTER 12 SECONDS, TIME, 012450

‘ 2844 HISTORY LIMITATION EXCEEDED) 012460
GO TO 1027 012470

• 1524 CALL PEAK (TIME— .2,TIME— .1,TIME,P1,P2,P3,TMA X ,PMAX,1.) 01.2480

— T W ill .T MA K 012490
PM (I)=PMAX 012500
IF(I.NE.2)G0 TO 1(25 012510
IF(ZO.GT .  .2)60 10 1026 012520

1025 CONTINUE 012530
POSPAV ’ (PM(1)+PN (3) —2 .’PM02) )/(PM (1) +P!)1(3) .2.’PM (2)) 012540
GO TO 1021 012550

1026 POSPAV= (PM (1)-PM (2))/(PM(I)4PM(2)) 012560
1027 P2OPj.PMi2)~~PW (~~) 012570

TEND’TTME 012580
JO = ,3 012590

C 01.2600
C 0ELTA 0(1180) 01.2610
C 012620

XKB=OB/E 012630
XVRR=FUNB ( XTQI/DENR 01264.0
XKBS FUNO (XTS)/DENS 012650
BNUM=1,/A’( AB’COM”3,68’COM”2’C0’COM408) 012660
R NUM=REAL IBNUM) 012670
AI NUM ’AI MAG(BN UM ) 012660
0KB 1=SQ RT ((RNUM”2IAINUM”2) / (RDEN”2 .A IOEN’ 2 ) )  012690
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XKBOR 2.’XKBI 012700
BANUM A T A N2 (A I N U M ,RNUM) ‘DIR 01.2110
IFIBA NUW .LT.O .0 )BANUM=8ANUM •360 • 012720
PSIB’BAI4UM-PAOEN 012730
PSIBP=PSIO+ATAN2( WOO,CON) ‘DIR 012740
TOOR2=PER/2. 012750
TMAXI .A WAXI (TCDR2.2.1 012760
BMAXI’BT (TMAXI) 012770
BMAX O. 01.2180
PKIN=0. 012790
TEST=D. 012803
TIME=0.0 012610
f l2= — 999 . 012820
J = 1 012830
8’=BT (TIMEl 012840
IF (IOPT.LT,0)R3XX (J) = 03 012850

1031 81=82 012860
1032 02’B3 012670

TIllE=T !ME+.1 012860
83’BT(TIME) 012690
J = J + 1 012900
IF(IOPT.LT.0)R300 (J) = 83 012910
TFOBI.4E.—999.)GO TO 1036 012920
IF(83—8201033.1034,1035 01.2930

1033 ITEST —1 01294.0
CD 10 1038 012950

1034 81=—g9q. 012960
IF(TIMO . LT . T M AX I) G O  TO 1032 012970

P GO TO 1040 01.2960
1035 ITEST I 012990

GO TO 1838 013000
1036 IF ( IT EST .GT. 0 ) G O 10 1037 013010

TF(83.GT.O2IGO TO 1039 01.3020
GO TO 1036 013030

1037 IF (03.Lt.8216O TO 1039 013040
1036 IF(TIME .LT .TMAXI)G0 TO 1031 013050

CO TO 101.3 01.3060
1039 CALL PEAK)TIM !— .2,TIME— .1,TTME,81,02,83,TMAX,BM,i.) 013070

IF (ITEST.LT.0)GO TO 1028 013080
BMAX= 8M 013090
CO 10 1029 013100

1526 BMIN=RM 013110
1029 IF(TEST ,EQ.t. 160 TO 1043 013120

ITEST=—ITEST 013130
TEST= 1. 013140
CO TO 1038 013150

1Q43 BNEG 0. 013160
BPOS=O. $13170
IEIBMA XI.GT.0.)GO TO 1055 013180
BNEG=BM8X1 013190
GO TO 1056 013200

1955 BPOS’BMAX I 013210
1806 IF(BMAX.GI.0. )GO TO 1057 013220

SMOG’ AMINI(SNEG,BM009 013230
Go 10 1058 013240

1007 BPOS’A MAX I (BPOS,BMAX) 013250
1806 IVOOM1N.61•0.)GO TO lOSS 01.3260

PNEG ANI NI (BNOG.BNIN) 013270
CO TO 1060 013280

1059 BPOS=ANAX I (BPOS,BMIN) 013290

933

- ---- • - —



~
-

~
-- -- -- • • - 

~ - -v • - -~~~~~
, - - -P~~~~~~~~~--,-~~~~-~~~~~~~~~~ 

AFFOL-TR- 78—203
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1060 DBMAX BPOS—BNEG 013300
GO TO 1041 013310

101.0 DBMAX=B MAX I 013320
1041 IF (IOPT.GE.O)GO TO 1054 013330
1053 IF (TIME.GE.1END)CO 10 1054 013340

11111=111154.1 013350
J J + 1  013360
B3X X(J) = BT(TIME ) 013370
GO TO 1053 013360

o 013390
C ANGLE P/B 013400
C 013410
1054 POBN’COM ’ANUM 013420

PBANU M A EAN 2 IAIMAG(POBN) ,REAL(POBN ) )‘DTR 013430
IF (PBANUM.LT .0. 0)PSANUM=PBANUM+360. 013440
PAAD EN=ATAN Z(AIMAG (A DEM ) ,REAL (AO€Nl )’OTR 013450
1F(PBAOEH .LT. 0.0)P060EN P9800N#360. 013460
A POB=PBANUM—PBA TIEN 01.3470

C 013460
C KO/KIS 013490
0 01.3500

000XSS=XKPDR/XKPS 013510
C 01.3520
C W RITE OUTPUT 013530
C 013540

IF(A POB,LT,0.0)APDB=APOB+360 . 013550
IF(PSIP.GT.0.0) PSIP=PSIP—360. 013560
IF(PS10.GT.0.0) PSIB=PSIB—360. 013510
IF (IOPT.GT.0) GO TO 3 013580
W PITE (S,4) 013590

4 P081111(1)1 ,31HTIME HISTORIES FOR A STOP INPUTII 013600
1 1004HTIME,5XI5HP(T), ROLL RA TE,5XI8HPHI (T), ROLL ANGLE, 013610
2 50,I1HBETA (T), SIOESLIP1IOX ,3HSEC,1007H0E6/SEC,IAX3HOEG ,200, 013620
3 ‘HOEC//) 013630
WRITE (6,5)(TICOX (JI,P30X (J), POAXX (J ),83X0(J). J 1,JX) 013640

5 FORMAT 8X ,F6 .1 ,6X ,E li.4,100 ,E11.4,128, 011.4) 013650
IF(PLT.GT.O..ANO.J1.EQ.0) CALL PLTUP (OATA ,TIME X ,P3XX,P0300, 013660

I B3XX,JX. TITLE,RtJN,WORDII 013670
IF (PLT.GT.0..ANO.Jt.EQ.t) CALL PLTUP (OATA,TIMEX,P300,POAXX, 013660

1 83X0,JX,TIILE,RUN,WORO2I 013690
lP(Dt.1.&T.0 .) IPLT=1 013700

3 IF(J1.EQ.1) RETURN 013710
WRITE (6.i042) POSPAV,08MAX,APOP ,PSIP,PSIB,XKDKSS,XKP,XKB,POSPAV, 013720
I Y KPR ,XlcBR,DSIBP.XXPS,XI(BS,P2OPI.XXPDR,XKBDR 013730

It’42 FORMAT (/20,10)4POSCfPAV = ,E12.4,7X ,O 7HQBMAX ,E12.4,11X, I1HANGLE 013140
‘P/S = ,012.4,/6X ,O6HPSIP o,E12.4,8X, Q6NPSIB ,012. 4,140, 811K0013750
‘/KSS =,E12.k,/8X.O4HKP = .E1.2.4,10X ,O4NIcB ,012.1.,60, IONPHI 0S0013760
‘/°HI AV = ,E12.4 ,/70,OSHKPR = ,E12 .4,9X, O5H KOR ‘.012.4,150 , 013770
O THPSIBP = ,Et2.4./TX .O5HKPS ,E12.4.90,OSNKOS =,E12.4,150. 813780
‘07HP2~ Pt ‘,012.4.14X,O8HMKPPOR = ,t12.4,6X,O8HMKBPDR 01.3190
‘ ,E12.4) 013800
RETURN 013810
FND 013820
SUBROUTINE PEAK (Yj,Y2, Y3,Xj, 02, X3,PIV,P0V, PCTPK) 013830
A= (((Y2—Y3l’(X1—X2))— ~~~Y1—Y2)’ (02—03) 1)1 (0 )Y2—Y3) = 013840

I f  Y1’ 2 — Y 2 ” 2 ) ) —  ( (Y 1 —Y 2 ) ’ (Y 2 ” 2 — Y 3 ” 2 ) ) )  013850
B (i X2—X3 )—A ’(Y2”2—V3~~~2) ) / (Y2—Y3) 013860
C X I — B ’Y j — A ’ Y t ~~~2 01.3870
PIV — B F(2.’A) 013660
PDV’ (4. ’A’C —B”2 )/ ( 4 . ’AI 013690
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IF (ABS(1.0—PCIPK) — .000111,1,2 013900
2 POV POV’PCT PK 013910

PIV= PIV+SQRI I )PCTPK—1.0)’POV/A ) 013920
I PETURN 013930

END 013940
SUBROUTINE PL CTS (N) 013950
RETURN 013960
END 013970
SUBROUTINE OMULR(COEI,N,ROOTI,ROOTII) 013980
DOUBLE PRECISION COE1,ROOTI,ROOTI1 013990
CIMENSION 005IU4),RCOT1 (12),ROOIL1(12),CO0(7),ROOTR(6),ROOTI(E.) 014000
N N N +1 01.4010
nO I I1,NN 014020

I COE (L)=COEI(I) 014030
CALL SMULR (COE,N.ROOTR,ROOI I) 014040
00 2 t’j,N 01.4050
ROOTIII)= POOTR (I) 014060

2 ROOTII (TI=ROOTI(I) 014070
RETUR N 014060
END 011.090
SUBROUTINE SMULR (COE. N1,ROOTR,R0OTr ) 014103

C 014110
C 014120

• C 014140
C POLYNOMIAL ROOT FINDER SUBROUTINE . =.. 014150
C 014.160
C ITERATIVE METHOD FOR POLYNOMIAL EQUATIONS •... 014170
C 014180
C THIS METHOD APPROXIMATES THE FUNCTION F (ZI BY A QUADRATIC 014190
C WH ICH MAY ,IN GENERAL, HAV E COMPLEX COEFFIC IENTS AND DOES NOT 014200
C REQUIRE A KNOWLE CC E OF THE DERIVATIVE OF Ff7) THOUGH 01421.0
C THE FUNCTION Fl?) MUST BE EVALUATED ONCE PER ITERATION .... 014220
C 014.230
C THIS SUBROUTINE FINDS REAL AND COMPLEX ROOTS OF A POLYNOMIAL 014240
C Wt !N REAL COEFFICIENTS .... 014.250
0 014260
C 01.4270
C USE OF MULLER SUBROUTINE .... 014.280
C 1. CALL SMIJLR (COE , N1, RO OT R. POOT I)  .... 014290
C 2. COE IS THE TAG OF THE ARRAY OF COEFFICIENTS. 014.300
C THE COEFFICIENTS MUST BE ORDERED FROM HIGHEST DEGREE 014310
C TO LOWEST DEGREE = 014320
C 3. 61 IS DECREF OR THE POLYNOMIAL • 014330
C 1.. P0018 IS THE T A G  OF THE ARRAY WHERE THE REAL PARTS 014340
c OP THE COMPLEX ROOTS ARE STORED • 01.4350
C 5. RCOT T IS THE TAG OF THE ARRAY WHERE THE IMAGINARY 01436 0

L 

C PARTS OF THE COMPLEX ROOTS ARE STORED .. =. 014370
C 014360
C AL). ARIT HMETIC IS IN THE COMPLEX MOD E . ... 014390
C THEREFORE UNDER—FLOW IS NORMAL FOR REAL ROOTS .... 014400
C 014 410
C MULTIPLE ROOTS DECREASES ACCURACY OF THIS SUBROUTINE • 014420
C WHEN MULTIPLIC ITY IS SOUR THE ACCURACY DECREASES TO 014430
C ABOUT TWO PLACES •... 014440
0 014450
C RUNNING TIME ES APPROXIMATELY PROPORTIONAL TO 014460
C DEGREE SQUARED DIVIDED BY TWENTY .... 014470
C FOR DEGREE ELEVEN IT TA K ES SIX SECONDS .... 014480
C 014490
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C 014500
C 014010

C 014530
C 01454 0
C $14550
C 014560

DIMENSION COE( 1) ,ROOTR ( 1) ,ROOTI(1) 014.510
C 014580

N2 NI+t 014590
Pd4 0  014680
1 4 4 1+1 014610

19 IFfCOE(II)9,7,9 014620
7 N4=N4+1 01.4630

RCOTR (N4.)=O.0 01461.0
ROOTI (N4)=0,Q 014650
1=1—I 014660
IF(N4—N 1)t9 ,37 ,19 014670

9 CONTINUE 014680
0 014690
10 AXR=~I.8 01.4100

001=0.0 014710
1=1. 014720
N 3 1  014730
ALP1R=AX R 014740
ALP1I=AXI 014.750

F 11=1 014760
GO 10 99 014770

0 014780
11 BEI1R IEMR 014790

— 
BET1I TEMI 014800
AXR=0.85 014610
AL PZP A Y R  014820
ALP2I.4XI 014.830
1 4 2  01484 0
GO 10 99 01.4850

c 014860
12 BEI2R=IEMR 014870

• BFT2I TE HI 01.4860
• 008=0.9 014890

ALPIR .AXR 014900
A L P 3 I = AY I  014910
14=) 014920
CO TO 99 014930

C 014940
13 PET3P IEMR 014.950

RET 3I IEMI 014960
14 IEI=ALP1R—ALP3R 014970

1E2=AL~~1I—A L P3I 014.980
TF5=A IPIR—AL P2R 014990
TE6 AL~~31—ALP7t 015000
TFM=TE5 TES+TE6’TEA 01S010
T F3=(  IE1’TRS. T 02 ’TEA I /TEM 015020
IF4. ( T E2 ’T E S- T Ej ’ T E A ) /TEM 015030
TE1 TE3+1.0 035040
TSqvvTE3 IE3~~TT4 IE4. 0X~ 050
T E10=2.0 ‘1E3’1E4 01.5060
0E15=TE7’O ET3R—T E4’BEI3 I  015070
OEIS’IE?’BET3I+T04’80T38 015000
1 511=TE3’iXET2R—TE4’BET2I+BETIR—0E15 01S090
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TEI2=TE3 BET2I.TE4. BET2R.BETII—DEI6 015100
T07=TE9—i.0 01S11•
TEI=TE9’OET2R—TE10’PET2I 015120
TE2=TE9’BET2I+TE10’BET2R 015130
TEI3 TEI—eET1P—TE7’8ET38+TEIO’BET3T 015140
TE14=TEZ—BET1 I—T07’B(131—TE10’SET3R 015150
TEIS=DEIS’T E3—0E16 ’TE4 015160
TF16=0E15’TE440016’TE3 015170
TE1=TE13’TEI3—TEI4’TE14—4.0 ‘(TE1.1 TE15—T012’TE16I 015180
112=2.0 ‘TE1I’TEtl.—4 ,O ‘(TEI2’TE15+tE1t’TE16) 015190
TEM’ SQRT (TEI TEI+TE2’TE2) 015200
IF (TEI) 113, 113, 112 015210

113 TEl.’ SQRT(0.5 ‘ ITEM—TE l l)  015220
TE3 O.5 TE2/T04 015230
GO 10 111 015240

C 015250
112 7E3= SQRT (0.5 ‘(TEM+TEI)) 015260

!F(TE2) II O,200,200 015210
110 1(3=—TEl 015260
200 104=0.5 ‘TE2/TE3 01.5290
111 TE7=TEIT+TE3 01.5300

TES=TE14..TE4 01531.0
TER.T013—TE3 015320
TE1.0=IE1I.— 1E4 015330
T11 2.) ‘lEtS 01.5340
TE2=2.0 ‘TEIA 015350
IF (1E7’TE74TE8 TE8—TE9’TE9—TE1G’TE1al 204,204,205 81.5360

20’. 1E1 T09 015370
T06=T EIQ 01S380

205 TEM TE7’TE7+TEA TE8 015390
TE3=(TEI’TEThTE2’TE8) /TEM 01.5400

- - TE4=(T E2 ’T07—T EI’TE 8)  /TEM 01.5410
AX R=ALP 3 R+T E3 ’ 1E5—T04 ’T 06 015420
A XI .ALP3I+T13 1T6+TE4’TES 015430

• ALP4R A XR 015440
81P41=A0E 015450
1 1 4  01.5460
CO TO 99 015470

C 015480
15 N 6 1  015490

38 IF( 68S (HELL)+ ABS (BELL)—1.OE—20 )18,16,16 015510
• 16 TE 7= A8S(ALPIR—AXR)+ ABS(ALP3T—AXI) 015520

IF (TE7/( ABS (AXR) + A8S (AXI )) —1.. 0E—7) 16,16,17 015530

11 N3=N3+1 015550
A LPIR=OLP2R 015560
ALP1I=ALP2I 015570
ALP2R’ALP3R 015560
ALP2I ALP3I 005530
ALP3R=ALP4 R 015600
ALP 3 T=ALP4I  ~iS610
BET i=AET2R 015620
BFTII BEI2T 015630
80T2R.BET3R 01564.0
8E121=BET3I 015650
BET3R=T EMR 31.5660
BFT3I.TEMI 015670
IF(N3—I0O )14,18,18 $10660

16 N4 N4+1 015690
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ROOTR (N41=ALP4R 01.5700
ROOTT (N4)=ALP4I 11.5110
N 3 0  015720

41 !F(M4—N 1l30 ,37,37 0157J0
17 RFTTIRN 00514.0

33 1Ff A8S( ROOT I(Nk))—j. CE— 5110,10,31 015760
31 GO TO (32 . 10) .L  01.5170
32 AX P=ALP1R 015760

AXI=—ALP II 015790
ALP1I=—ALP1I 015800
11=5 015610
GO TO 39 015820

33 BET1R’TEMR 015830
SETII TEMI 01584.0
AX R=A LP2R 015650
AX I= —A L P 2 I  01566 0
ALP2I:—ALP2I 015670
H’S 015860
GO TO 99 01.5090

C 015900
34 BE12R TENR 015910

BET2I.TEMI 015920
AX R=AL P3R 01.5930

• A XI=—ALP3I 01.5940
ALP3I —A LP3I  015950
L’2 015960
M 3  015970

99 T EPIR=COO( 1) 01.5980
1(111=0.0 015990

— 00 100 I1,Nt 016000
TF1:TEMR’AXR—TEMI’AXI 016010
TEMI TEMT AX ReT EMR A X I  016020

100 TEMR T E1+COEII4 IO 016030
HELL’ TEl-fR 0 1.6040
BELL TEMI 016050

4.2 IF (Nie)102,103,102 016060
102 110 101 I t , M4 016070

TENt’ AX R—RDO TR ( I) 0 1.6060
TEM2 .8X I— ROOT I ( I)  01.6090
TE1.TEMI’TEMI.GT EM2’TEM2 016100
TE2= (TEMR TEMI+TEMI’TEM2) /TEI 01.6110
lIMO’ ITEMI’TEMI—TEMR’TEM2 )/T01 016120

101 TEMR TO2 016130
• 103 P.O TO (11,12,13.1S,33,34), M 0161.40

END 016150
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010013—O2AEDIUM FIGHTER. H=30,000FT, GG=20C, lI ’•9 , PYLON TANKS 8IS165LAT LA—I
.0006307 895. 220. 25000. 28. 36300. LOT 13—?
75000. —10000. 32.062 LAT 13—3
- .62 .0132 .025 LOT 13—4
— .0035 — .0085 .00463 .0098 .0051 LOT 13—5
.0051 — .0014. — .0051 — .0144 •003 .0025 LOT 13—6

LOT 13—?
5102— 0— O2LARG E TRANSPORT, H’30000FT, C6=25, N= .745, STA RT CRUISE 8/5/661*12—B 1
.00089066 74.3. 4900. 350000 .  200. 21000000. LAT 2— 8 2
34 000000 .  1700000. 32.062 LAT2 — B A
— .0145 •007 — .0003 .0028 LAT2—8 4
— .0017 — .0096 .0035 .00071 .00031 LAT 2— B 5
.0017 — .00061. — .0041 .000203 — .00132 1*12—B 6

LAT2— B 7
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*C • 4 10 RIO 0 0 1.1 0 04 0 4 )  4 .) UP RI a CrI-i .0 5 4 I I I 

~ + 4 * .0 * + .4 14 (Li LU . . 0 5... Lii C-iU) 14 4- LU LU LU Lii LI 0) ILl LU LU 0) 140 iL 04  0 0) 0 0 0 0) 4.-— 0) P. 0 0  ‘0 Z 0. -d Ill Z S 0 )  41 0 00  10 0 a ~0 2 0 0 ) 00  44 10 0 14 10 .0 0 0 45  LU + I * 4 .4 ~~ 0 0) 00 9 0’ 4) 3 IA .14 0) I — 4) o4 .0 0) -.0 00 0 I) 40 II II 
~ I 0) I-I LUX I-. 4- 0 ) 0 . 0 1 0 ) 4 0  114 .4 .4 10 (14 .4 .4 0. .4 N 444 (0 0 .4 . 4- 0 Cr0 ~ 2 .

~~~~
. 2 ... Cr 0)4.ID,-, 4.. .4 14 Li CO 0)Li 0. I I 0 LU I I (Li 0) S 0 P1-. .4. 0. 4.. 1 0 CC C (0 110Cr Z 2 2 4 )0 4 0 . 4 . 4 . 4  Cr O p Oii -4 44 

— - II 0 0 U)II It II II II II 0 II IL II 0 II II It 0 I I I S 2 I~ 5..
II 0 190 0 4 -10 4.4 0. 0. 4.. 0. 4-I RI LU1t51) - L IZ L U  4 - 4 2  1 (40 )0  0 (14 9 2 2 04Cr 4 - 4 0 Q 4 )~ J .4 .4 2 0 0. 0 0. 0. U.P 0) 0) 04

140

- - 
I - •  - ______--



AFTDL-IR-78-203 —

RUN NO. 013 AI LERON NUME RATOR ROOTS P

SI)ESLIP TO CONTROL OEFI.ECTION
I~OOTS (C QMPLEX FD~~1)

0.0 0.0
— .12560+00

51610+01.

1/181. .12533’oE+OD 1/192 — .516108E401
00 • 0. L~B = — .?665E100 CS = .3c ~59E*0I. 08 = .~4 97~~E+0C

ROLL A’~~LE 10 CONT ROL 0E~~LECTIO N
ROOTS (COMPL EX F3491

0.
— . 25200.00 — . 32~~234.0i
— . 262 00+00  .~~202O4- C- 1

i/TP 0. ZP .795788E—0 l WP .329281.1401 WP I4 0 /W [ . R  • .lU~.44 1E+01

AP .3232E+-3 2 OP .i.GTBE .02 CP .3PillE,03 OP =

Y A I  RAIl TO CO NT ROL ~aEFLEC11ON
ROOTS (COMP LEX E3~~1)

0.0
.2 ô 090+OO
.26090+01 .14~~~O +C1

— . 18090401

ZR ‘~ . 8 ? 3 2 5 7 E 4 3 ~ WA .298775 1401 1/T ~ .1809361 4- 1) 1

AR • .7 b7L .8E I -CO OR — .261 621.31 CR • — . 3SI~1. L.E-S-9U O~ = .1231.61+02
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AF FDL.TR-78-203

OPTION 2

T I M E  HISTORIES FO~ A 3 11P INPUI

TI ME ~~~~~ ROLL RAIl PHI (T), ROL L ANGLE 8116(1), 510ESLIP
SEC OEG/ ~~EC OEG DEl.

0 .0  .12011—07 0. .6 8 2 7 1 — 0 8
.1 .313315.01 .156014-1)1 .3056 E 02
.2 .6 160E101  .6239 1+30 — . 93 66 6 — 02
.3 . 1)0661 +01  .1386 1+01 — .13’ A E — 0 1 )
.4+ .1186E402 .21.331+11 — .11921—0 1
.5 .14530432 .375314 3 1 — .1~.1*E—02
.6 .170E E 4-02 .53341+01. .2016E— 01
.7 .19461+02 .716114-01 . 5 3 .96 — 0 1
.8 .217115-02 .9220 E1-31 . 9 7 o 8 E— C 1
.9 .237 81402 .1tI.SE+32 .1511.1+01

1.0 . 2 5 1 0 E+ 0 2  .1397 14-1)2 .2 110E.00
1.3 .271. i_ .-32 .16631+02 .27341.00
1.2 .29061+02 .191.6EG’2 .33451.00
1.3 .3052 14 12 .224314-32 .3906 1.00
1. 1. .3t8~~E G C 2  .2 55514-02 . 43 0 6 1 4 - 0 0
1.5 . 3 3 0 81+ 0 2  .2 8 8 0 E+ 0 2  .1.762 1+00
1.6 .34221.02 .321711-02 .502iEi-03
1.7 .3531-1+02 .356’+E+0Z .5162E+00
1.8 .36336402 .3923E512 .5196E÷00
1.9 .3 7331 102 .4 291 14 -02 .5t~42Ef00
2 .0  .3830 14 - 02  .4669 1+32 .5029E .00
2.1 .39261+02  .00571132 .488 8 E4-0 0
2 . 2  .1.3211402 .5451.1+02 .4 7 S4 E + 0 0
2 .3  ..IIL.E + 02  .6861 E032 .465 7 14-CO
2. 1. .,20L.E,02 .62771+12 .1.6231.C0
2.5 .1.2901+02 .670214-12 .1.6701+00
2 .6  .1+ 3 7 3 6 4 3 2  .7135 14-02 .4806 E.00

— 2.7 ..kL.9 + 0 2  .157614-02 • 5 0 2 9 Et 0 0
2.8  .1.5191102 .8025 15-12 .53281+00
2 .9  .1 .582 1+32  .84801+02  .5686 EI -Q 0
3.0 .L .5 3 8 E 4 - 3 2  .89411+32 .60771.00
3.1 .1.6661402 .94.0711312 .6.73E+00
3.2 .o7281 +32 .9878E+12 .6848E#C0
3.3 .P.76 L . E I - 2 2  .1035EG33 •7176E o00
3, 4 ,.7°SE+02 .108314-03 .71.37E000

• 3 .5  .1 .822 1402  .1131E1 3 •762 1E .OC
3 .6  ...81.7 6 + 3 2  .117914,3 .77221o00
3 .7  .- . 8 7 2 F + 0 2  .122814-33 .77 L .5E +0 0
hA . . 8 96 6 4 - 0 2  .1277 1+33 .77011+00
3 . 3  .1.9211012 .13261+33 .760 9 1+00
44 . 0 .1494 7 1+ 02  .137514-0 3 .749 10 +00

P ..i . . 9 7 5 6 + 3 2  .11.251+03 .7370 1.00
4 .2  . l a o I F . 0 2  .14.751+03 .72701+10
4 . 3  . 3 0 3 2E 1 1 2  •1525E+13 .72111o00
4~~ L4 .5060 6-102  .15751+03 . 7 2 07 E .0 C

. 5 0 8 8 6 + 0 2  .1626E433 .7266 1+00
4.6 .51 131+32 .16771.13 .73951+01
4.7 .513b1s-12 .11281+03 .75821.00
4.8 .o1551402 .1780E4-03 .78171+00
4.9 .5171E+~~2 .18321+03 .60851+00
5.0 .51821 +02 .18836+13 .8366t+0T
5.1 .5 1 9 1 4+ 0 2  .1930E+~~3 .8 o .0 l + 3 0
5.2 .51901+0 2 .19871+03 .88891+00

P 5 .3  .51961402 .20391+03 .9095 1+00
5 .4  .5 1971+32 .2 09 11513 .92.9 14- CC
5 .5  .5 196 1 + 0 2  .2 14531+33  .93.6E~- 0 &
5 .6  .5 1 9 6 6 + 0 2  .21950+03 .93851+00
5.7 .5190E402 •2247E4-03 .937314-00
5 . 8  .519f :+12 .22990+13 .93221+00
5,9 • 5 19 141+1 )2  • 23511+33 .924 7E+ 00

C 6 . 0  .12031+02 .2 4 . 03 1003  .9164E+00
6 .1 .52031+02  .24.550103 . 90 9 0 E +0 0
6 .2  .s216[+12 .25071+03 .904 . 2 14- 00
6 .3  .5 2 2 3 E+ 3 2  .2559 E+I3 .9 0 3 0 1 +0 0
6 .4  .523 11+02 .2611E003 .906 3 1+00
6.5 .523 81+02 .26641+03 .914.41+00
6.6 .524.41+12 .27161433 .92721o00
6 .7 .521. 8 6 + 0 2  .27 59E+33  .943 8 1+00
6.8 .52501+02 .28211+03 .965331+00
6.9 .249E+32 .2871.1+03 .984.31500

POSC/PAI •27.o- — ’2 O8MAK • .53321+00 A NIOLE P / B  • .96691i02
P S I P  • — .2035t. -S - 3  PSI8 • — .29921 +03 ~O/S(SS • .10341—01

SIP = 0. ‘(B • .57871.01 PHI OSC FPH I A A  ~ . 2 7 4 9 1 —02
KPR • -.5651~~+32 — .57541.00 PSIOP = — .20621+03
SIPS • .5633 1+’2 (A S  • — .52791 +81 P2~ Pt • .99961400

IIKPPO-( .60-)3E+30 MKB PO+ = .13906 +03
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A FFOL -T R—78. 203

RUN NO. 013 RU-53 11R NJ HEAA T OR ROOTS

StJlPtii..tP CO C0cA T I4.o.. QAFLE CTI ON
R0011 ( G1) H PLE X FO~Q.9(

0.0 L.C
922.0+00

— . 1668 0 + 00
.10960+02

1/Tn — .9 2 23 5 7 1 . 0 ”  11792 .16675915-11 1/ 193 =

48 • IÔISE+ jC 59 — . 189oE4-0 t  CS .1314.0401 05

ROLL A NG L E 10 CON FROL DEFLECTION
ROOTS (CO M PLEX F3~~1)

— .2 0 8 3 0 + 0 0  — .3 U9 5 0 + I 3
— .2 1 ) 5 3 0 +0 0  . 34 0 50 + 0 1

1/TP 0. • J94737E—01 NP .350160 +C1 W P H I / W OR • .1078721 +01

AP • .0624 E+12  OP .6 7 6 3 0 + 1 0  OP = .01)911+353 OP = 0.

~~1Il R A T E  T O  OUNT RO L O E F L E C T X O N
-

• ROOTS (CJKPLE X F0~.1)
3.0  3 .0
.521)20+00 .13o0D +C1
.52320+00 — .136005.01

— . 16580+31

ZR = — .3571314141)3 WR • .11.6528E+0i 1/TR = .1158071.31

AR .2026 111-Ct  OR = .125150+01 CR .8 3 1 8 5 E+ 3 0  DR .712,404-El
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AFFDL—TR-78 -203

OPTION 2

TIME HISTORIES F3-( A STEP INPUT

10 111 P T ( , ROLL RATE PHI(T9, ROLL ANGLE BETA (T), 010ESLIP
SEC DEl/SEC DEl 015

0 .0  .~~l,8 8 E — 0 7  0. . 6 89 7 1 — 0 9
.1 .15871+01 .7 993 1—01 . 6 2 7 0 E — 0 2
.2 .3121E1- -31 .31570.00 — . 5 3 3 9 E — 0 2
.3 .4 .621+6+01 .7330.1431 — .30701—01
.4 .6112 14-21 .12’sO E+01 — .6 .83 1—01
.5 .75921+31 .19251+01 — .1016 1+00
.6 .90621+0 1 .27581+01 — .135 41+00
.7 .10511+02 . .3737 E+01 — .16081433
.8 .11931.02 .‘+8 6 0 E +j 1  — .17381+00
.9 .1329E .02 .61210+91 — .171614-00

1.0 . 1 4 5 8 6* 0 2  .75161+01 — .1535 14-00
1.1 .15781+02 .9035E~ 01 — .12021+00
1.2 .1687 1+12 .106 7 E+ 0 2  — .7.161—01
1.3 .17601+02 .12L.IE.C2 — .18871—01
1.’. .18711.02 .1423E4-02 .1.0831—01
1.5 .19451102 .1611.1+02 .10011+00
1.6 .230sE.Da .181214-02 .154214 -DO
1.7 .20631.52 .20161+02 .19891+00
1.8 .2 1100+1)2  .222L. E4-3 2 .23121+00
1.9 .2153E~~32 .2 1+38 1+02  . 24 93 1+00
2 .0  .21931.02 .26551432 .25351+00
2.1 .2 2 3 3 1 + 0 2  .2 8 7 6 E + 0 2  .2.311+00
2 . 2  . 2 2 7 1 4 6 5 0 2  . J IO IE+02  .223 114 - C C
2 .3  . 23 17 6 + 3 2  . 3 3 3 1 1 - 2  .0.9 541+00
2.4 .2 3 6 3 1 +37  .3565 14- 32  .164 51+00
2.5  .2412 1402 . 3 8 0 4 1 532  .13 1 .5 14-00
2 .6 . 2 4 63 1 +0 7  .40481+02  .10941+00
2 . 7  .2 5 151+02  .42 96 14- 12  . 9 25 3 1 — 0 1  P
2 .8  . 25 6 6 1 4 - 0 2  . 4 5 5 1 E+ 0 2  .86191—01
2 .9 .2 6160+02  .1.810E.-02 .9 1511— 0 1
3.0 .2S61~~+02 •5073Ei-~~2 .108414-CC
3.1 .2702E +~~ •53 42E 4-C2 .135414-Or
3.2 . 2 73 6 1 +02  .56146.32 .1703 1+00
3 .3  .2 76 4 1 .0 2  .56801432 .20 .001460
3. .. .2 7 8 6 6 + 0 2  . 6 16 6 0 + 02  .2 5 0 9 14- C- C
3 . 5  . 2 8 0 2 0 . 3 2  .64 .6E+:2  .2 8 9 5 1 + 0 0

.2 b 1 2 6 1 - 3 2  •6726 E i -~- 2  . 3 2 2 6 1 4 - C C
3 .7  .2819~~+02  .7 0 0 8 1* 3 2  .34781400
3 .8  .26 2 3 1+32  .72 9 0 1 +3 2  .36 32 1+0 0
3 .9  .2821 i-02 •75 73 E . -32  .3 6 6 4 1 + 0 0
4 . 3  .25 3:1.02 .765 50 i - : 2  . 3 6 3 1 ) 1 4 - O S
14.1  .2 8 3 4 -~~+) 2 .813 9 1 4 - 3 ?  . 358 76 . 1 - 0 0

.�8I.3:,12 .842 3 E+~~2 .331514- IC
“ .3 . 2 0 6 0 6 4 - 3 3  . 67 0 7 1 4- 0 2  .3089 1+0 0
4 . ’. .2 8 6 9 1 * 32  .69941.32 .2 859 1+00
‘4 .5 . 2 8 S r - ~.02 .92811 132 .2 6 5 5 1 4 - C O
4.6  .2906:411 .0S7tE4~- 2  .2503 14 30

. 2 9 2 6 6 4 - 3 2  .9862 1+52  . 2 4 2 2 E 4 - O C
4. 8 .2 9 4 . 1 0 + 3 2  .101611-13 . 2 4 2 3 6 4 - O S
L ,9 .29 61 . 1+32 .10 1+5 15:3 .2 5 1 0 E4 - 0 0
5 . 0  . 2 0 8 1 1 4 - 3 2  .10751* 13 .26 75 1+00
5.1 .2 9 9 3 1 + 32  . 1 I O S E4 - 3 3  .29051+ 0 -1
5 . 2  .3 0 0  2 1.72 .01351+ 3 3  • 3178 14 - 0 0
5 .3  . 3 0 0 7 2 4 0 2  . l lbS E 5 3 3  .347 11+00
5 .4  . 3 0 C b E 4 -~~2 .11901+13 .3758 1.00
5.5 .30061 .12  .122 5E+ 13 . 4 0 14 0 +0 0
5.6 .300C 14-~~2 .125511-33 .42200+00
5 . 7  .2 -9 9 1414-0 2 . 12850 .33  .4 3 6 0 1 + 0 0
5 .8  . 2 9 0 7 6 + 3 2  .13151+13 .4 ,37 1+00
5.9 .03 5 1 1 4 3 2  ,i3~~5E.) 3 .41.23 1*00
6 . 0  . 2 9 7 5 6 + 3 2  .13741+03  . 4 35 3 0 + 0 0  P
6.1 . 2 9 7 1 1 4 - 1 2  . 1 4 0 4 E4 - 3 3  . 42 33 1+00
6 . 2  .2 9 7 1 : 1 - 0 2  .1434 1+31 . 40 8 1 1*0 0
6 .3  L L 2 9 7 3 E + - ~ 2 .1~~6 4 E 4 - 3 3  .390.91+00
6 .4  . 29 7 7 1 +32  .14931403 .3 7 6 7 6 + 0 0
0.5 .2 0 8 3 3 . 02  .15231+0 3  .3b4 bE.OC
0 .6  • 2’, 14 10. - ) 2 .15531+-: 53 .3 5 7 2 E4 -  00
6.7 .2-i9~ 1+ 2  .1583E4-1)3 .35551.00
6 . 8  . 3 0 0 7 5 , 9 2  . 26 13 E + 3 3  .3600 1 .00
6.9 .30160.32 .161+3E+03 .3?03E*G0
7.0 • •(J10~~*0 2  . 1 6 7 3 E 4 - 1 3  . 3 8 8 8 0 . C 0
7.1 .3 0 2 1 0  .3 2  . 17 0 30 5 1 3  • .05 11+06
1.2 .332 01+32 .17341133 .42 b51400
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AFFDL -TR -78-203

10
UI
In

C-,.’LU U)
OLU.0 PSI 0) PsI N O  0 0. 00  ‘• .0 (‘.4 .1400

0 0 00  0 00  000  06.) 0 0 0 0
+ I I I  + 44  4 4 4  50~~~ ~~~4~~~~ 4LU Ui Li 141 LU LULl LU LU 4.1 at U LU Li U LU0 0 00  P.. O OS 0 0  (Ps fl .4 5011
o 0 0  Pd 0. 0) it. 0 1 05 - .  0 0  40  0.4.1 0 .114) 0. 0 04 P.. ID N 0 0  0 -, 4’) I’dN N 4’) .4 ..4 N IA .4 .1 IA + + 0 II) P t”)

• • 44 • LU Ll) .I PSJ 4,4’.
0 I I I -O~~0 -

0 0
Or-

II ii II II II Ii ii Ii II II sO 4
11 1 1 11 11O 0 4 a t a t - a t  at~~Ca t  NO. 0, 010

0 4 . 0 0 0 0  D C C  X a t a t  • . • • .041-4 ). -.I Z  )‘ ..J Z 1 0 0 0  0,0. 0. 11)0 ( 0 6.)
0 5 0 5 0 0

11 11 Z
0 4 0 4 0 40) 4 ’) 0 4 4 ”)  .14 0 .4 0 0 0  1? — I- I-0 0 0  0 0 0 0  000  0 Z 2 Z4 I I I + * 5 + 4 4 0 LU IL) U)

ILL LUUJ W 0 11.1 4) L L I L U L U  04O 0 5 4 .0 tO ?’.. Pd 0 4 0 4  N
0 0 -~~ 4 ’) 0 50 5 0 LI’) .0 4) 11.1 14.1
0 0 . 40  0’ 0 Pd 4 NO  04 2 04 NIlL 44) 4’.. P51 ..i 50 54’) 44) 4’ —4 1.) 04 0 0 4.

. 4 4 .  ... U) I
(1) 00 0  LU

o — — — — LA
11.1(1) ‘0 P

Ii II II II II 44 II 14 II II II Ct~ LU 14) 04 U) 11
•.._ 4  0 4 0 0  415 0 0 5 0  NO. 0. 04.) 4 J . J  .4. 0 0 4 0 0 0  0 00  40 -0 -4 5 0 )  0.(0 .)

00 IX 6.) ) . .
•0 5 ) 5 1  Ci I )  _I 7 ‘S C.)

+ 4 11.1
0 ‘Ii N Pd .100 0400 LU Li 04 LI)= ‘.4. .0 1-5 ., .11 54. .4 .4 5.4 .0 Ill 0
+ I I I  * 4 +  + 4 +  l A O
.aJ ‘.4.4 Ii) Is) Ii La) Ui 441 Ui 6.4) 0 .4 LU0 0 00  0 P.O = I.. 4 41 10 Z a0 0 04 ) 3  N P .5 0 P~JO ’)  LA 4’) 0 0.dl 0 It’ .4 01 0 CII .4 4)5 C 4. .4 440 N 0 4 4  LA I’) Pd CU PU Pd • 44 Ui. . . . . . IA

I, I I I

50 II II .4 0.4 0 Ct’0 II II II II II II II II II ~I II . 4 . 00 0  p0.4.. ‘0 + 4 44
~ a t a t a t  0 4 0 . 0 .  0 LU~~~J U j ~~~“- 04 U. C -J Z 4.- .02  -i CIt at 04 ‘4 III ON
0 14. . 0 ( 3  (0 10 4 Z 5”) O N  1’)

C 0 . 4 0 3  I I
0 4)

141 0 ,. N ,.4 p.j (3

I—. .5 - U Pd 10 0 .4 444 .4 4
CI 0 ‘54 0 .4 4- 04 0 Li Li
4) 0 4 *  I I  I I  + 5  .4 0
— C) ‘SI Ii) (s-I 1.1 LI Li ILl ILl 0’ II II II II Co 0 o 0 tn t., I A’4  CI.

— 0 - 1 4  ‘0  0 0 4  LA .) Pd . . . at La
“ CSP 9 . 4  .4 44) ‘P5 ,14 .4’ 0 , 0 . I t L. C )  4)1

U. C * 10 01 .0 ‘0 ‘4) ‘CI 0. 4 04 04 0. 04 0
— . 4 4 .  44 • . ‘1) 44 c c c .  InI) 4 4 ,  c l i  - . , I  I — ‘9 54’44 0 14 14 15. 4’4 17’ 0415. 0 _I _J .1 * I/I . 4(/) -n Ii II Ii II II 44 II II II II II at II 50 50 50 Pd 4-. Is)Z 0 .4’ 0 4 2 0 4  Z to50 I N (L’) L’) 0 . 0 . 0. 0. 0. 0. 040 , 0. at at 1.1 Nat Pd • lii ). .i Z C -i Z (9 LU 0, 0. 0 0 0 0 0  04 44 N— SI LU (01.0 (3 LU ,.J _. Z I- N 4- i- (3 5004 at 04 50 50 I.. C,0 ‘0 41 04 0 0 11) LU

z • U at iC 04 141 U U.LIP 04 0. 04 .5 I-
~~ ,.J .,J 9.15’) ••~ ‘.4 s-I 0. 0 fl Is 1) 6.) ‘9 .-II—I ‘9 II 1). 0 Ill .4 2 

~~ (.3 ‘4.— - P  .4 p4 -p * ~~ UI Us Li Li * 0‘I  ‘1  0. Ui ‘II 04 44 0 Ci U) —L..I 0 ~ 414 04 LA It 0. 4.— 4 ’ ”  1- - .0 UI a,s- S — .4 -, 0 C ‘-s 4. -o 0)o &~ C 0. .4 04 ‘• 2 0 1.. 0 0 p4 .CI Z 0 • • 1.1 • . . 0 os- , ..I ,‘~ C 0 ‘4.-.4 - - 0 - 4  0 0’ CI 2 ...1 (0 0 00  I-I + * • Ui 44 * 14 —‘1 ‘.5 10 PU U — C) I” LU * LU
~ 1 1/’ ‘9 P51 I) Ct’ 175 0 ~~ 44114) P II 11 ,5 11 .1 ,5 II II II 11 11 11 1.5 Isp 541 II) ‘9II U.- 4-— 4-. LI .1 -4 II II .1 ~‘~I eO 04 04 0 0449 0 0 04 — 000  I— 0 0 . 0 .  i-I 13 0 0  .4 — .4 3 I’.0 s-I Pd 04 5~) m U. s--i (CI 1 0 0 4  I’I U. 00 0 • • • (0 0 0 C) . ‘-I

44 (9 04 4-. _J C! J .0 0 ..I 2 .0 4 0 ) 0 4  P51 5 4. 4 . s--i4- I 4 . 4 0 . 1- 1 . 4  U-, 54 - 14 4 ?  .1 4) 55 r% — 7 m .1 50 . 3 . 4  0,4, (1 ‘9 50 ~1 -_  
~ I I:~ .4

fl 7 — 5,5 3p 441 4 .3 LU II Ill
t~.. 2 II’) Cl 04 0 I_I 04 0 0 0 04 0 * 4.. 41. Up s-. .s r50 04 I S I I I .0 4. 4 * 4 + 4 .4 IL ILL U • . ‘, 4. sI i—I(1) at — Iii U) U) Iii Ui C LU 1410 -1 4) 14) 0 3  N 0 ‘.3 0 S 50i’. i.. 04 4’- 0 04 0 0 04 = O N  2 001 1€ 0 04 1.4 54 -, 0 -. -y
0 0 0 0 $1 00  0 0 .510 0 0,0 LU 4. 4 4 * (II 04 0 04 0o LU P .1 S 4’-. P.. s-4 Pd .4 1)4 114 5’, 40 - .4 Cl 0 0 0 .5 II II .51 04 s-I LUat 0 — 0 0 4 . 4 . 40 10 P.150 11) ..4 .0 0. NP d 4 4 1 .l 4’) .4 . 4’ 0 atat ‘9 . 4 4 ’  7 • .‘  04 P d 4 ’ I 13 Pd 4’ 4 1- 14) (9 50‘1 04 I 4 0 LU I I I U 04 I 0 N Pd 4’) t • 0 V ‘9 14- U ‘9-.4 04 04 04 I3 O 1 0 . iN Ol (0 00  044-4 4-4 0 . 0 .  II 0 0 -nII II II II II II 0 II II II 0 II II II 0 1 I I 4 04 5’. I.’UI ‘I Li 50 Cl00,2 5 6 . 0 4 0  0 0 4 4 4  040. 0. 0. 0. 04 U--iX N 4 - . - 4 7 U .  0 ,3 2 L L . 0 O  0 II) ‘9 1 04 ‘0-.3 .02 0 I’. 0 0. 0. U.50 50 at
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RUN NO. 2 — 3  A ILERON NLJ -’ IE RATD R ROOTS

SIJESLIP TO CO NTRO L D [FLLCTION
ROOTS ( CJ MPL EX FO~~1)

0 .0
1 0 9 60 + 0 0

— . ‘.39904-AG
— . I. ~ O+ 02

1/T 01 a — .11~~~5 3 E + 0 0  1/192 4- .‘ .39902 E100 i /T O O  a • L.18’396E,02

A G  .25b2E” . 2  98 = .1C8IC +CO CA — .3~.22E—0 1 DC 4- . A 6 ’, E — C 2

ROL. . A NGLE T O  CON T ROL OE F LECTtO N
ROOTS (C O MPLEX FO~~’~)

0.
— , 20 2 2 D+ o 0  .9 2 3 1 0 4 .C T
— • 2 0 2 2 0 + 0 0  — .92110+00

siTe u. 2’ a .2 12856 E1-00 NP a • 9N9eb’ .E.o0 WI ’*41/ NO R .S S I O S O E + 0 1

AP = • ‘s 75OE+1Q AP = .192204-01 CP • LI S B 9 C + O L  OP 0.

‘fAN ‘~ATE TO CONTROL OEF LECTION
ROOTS (COMPLEX FO~~’t)

a . o  0 . 0
.96900—01 • l4 Li ’45~~5-~~~
. 96 9 0 0 — 0 1  — .44 .50+00

— .

ZR = — .21290.1 +01 MR a . 45496 704 - 00  i /T R  = .817073144-CC

AR = .i0619E4-0~ BR •66133E— 0i CR = .E’1653E—02 DR = •17939E—t1
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OPTION 2

TINE HISTORIES F3~ A 1’EP INPUT

TIME ‘(TI e ROLL RATE PHI (T), ROLL ANGLE UETA(TI , S100SLIP
SEC DOG/SEC OEG

0.0 .13100—38 0. — .30200--Il
.1 .45?3E’~~1 •2 31 6 0—02 — .7658E=03
.2 .88130—0 1 .90360—02 — .2 ’ .890—02
.3 .127001-30 .19840—30 — .50760—02
.4 •1o430’OO .34450-31 — .84370—02
.5 .198~~E.0C .52510—0 1 — .12.80—01
.6 .23070+00 •7i.09E—D 1 — .1711E—01
.7 .260301-00 .98690—00 — .2225E—01
.6 .289411-00 .12620+03 — .27800—01
.9 .316201-CA •1565E+OL — .33680—01

1.0 .34160.00 .1894E+3j — .39810—01
1.1 .35560+00 .22 IL8E1-0.a .45100 0i
1.2 .368R0400 .2625E.I’~ — .52’.OE—E!1
1.3 .41010 +30 •3024E1-30 — .58891—01
1.4 .‘.307E+00 •3’.45E,3 — .65240—01
1.5 .45030+00 .3886E+00 — .7146E—01
1.6 .459001-00 .4345E.00 — .77500—01
1.7 •.8670.ac .48230+00 — .83290—01
1.8 .503601-00 .531,801.03 — .88790—01
1.9 .5196(1-00 .58300.30 — .93940—11
2.0 .531.70+00 .63570.31 — .98690—01
2.1 .249004Cc .6899E+3J — .10300+00
2.2 .562601-00 .7455E+00 — 10690.0B
2.3 .57531+00 .6024E+00 — .11020.00
2.4 .581201-00 .66050.31 — .11300.60
2.5 .598’E,00 .91980413 .1153El~30
2.6 . 6 0 87 0 1- 0 0  .96020+30 — .11710+00
2.7 .61830.00 .10420.01 — .118201-00
2.8 •b2 750 1 ’O Q .I1O4EID1 — .1188E.00
2.9 .63510400 .11670~~31 — .1IA SE.06
3.0 .6+2311-00 .1231E.0i — .1182E+O0
3.1 .6,660400 .129501-31 — .11710.00
3.2 .651.504-00 •iO6iEi-31 — .115’.E.OO
3.3 .65990400 .142611-01 .1132E.00
3.1. .66370 +00 .14920+0 1 — .11050+00
3.5 .661201-00 •1559E.31 — .10720+00
3.6 .6701E1-0C .162601-0 1 — .10.3501.00
3.1 .6722E+00 .1693E+31 — .99430—01
3.8 .67360+00 .17600.01 — .94910—01
3.9 .574.501-00 .18280.31 — .9002E-01
4.0 .6747E4~~” .08950+31 — .8480E—61
4.1 .674 30 1- 00  .1963E.’Jl — .79 28 E’ .OC
4.2 .67340*00 •2030E+31 — .7352E—01
4.3 .671901.10 .20910.10 — .67540—01
4.4 .67ClE4-~~C .2161.01.01 — .6t’COE—OI
4.5 .667601-00 .22310.31 — .55120—01

.66 1.80+00 .22980.31 — .48760-01
4.7 .66160.00 .2364E+11 — .42350— 0 1
4.8 .65811+30 •2430E.01 — .35~i .E—01
4 .9 .651.30+00 .24960.01 — .29560—01
5.0 .65020+00 .25610+01. — .23250—01
5.1 •Sl.SSEIOO .26260+31 ‘..17060~ 01
5.2 .441.50+00 .2690043 1 — .111e10—01
5.3 .63690 +00 •2751.E+31 .51450—02
5... .53220.00 .2518(431 .50910—03
5.5 .62740.00 .26610.01 .59240—02
5.6 .62270.AC .294.30.31 •1107E—01
5.7 .61190.00 .3005E.01 •1592E—0t
5.6 .61321.00 .30570.01 .20460— 01
5.9 .6086(106 .31260+01 .24660—01
6.0 .601.2(1-00 .31880.01 .26520—01
6.1. .59 9*.0C .32490.01 .32011—0 1
6.2 .59571.30 •3308E.0t .3513E—0i
6.3 .59160.00 •3368E+01 .37860-01
5.4 .58810+00 .34270+01 .40210-01
6.5 .56470+00 .34650+01 .‘IZIOE—0i
6.6 .58151+00 .35440+01 .43750—01
6.7 .57070+00 .360201.01 .4,950—01
5.6 .57610 1-00 .3659E+01 .457 70—0 1
6.9 .5739(1.00 .37111.01 .46230—01

147

~

‘44

~

L

~

4 ) -’ ~ ‘- - - -=~~==



~~~~~~~~~~~_ s~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ - -

AFFDL-TR—78--203

1.0 . 5 7 2 00 + 0 0  .377401.0 1,  . 4 63 3 E — 0 1
1.1 . 97 0 4 0 4 - 0 1  .38310.11 .4609E—01.
1.2 .50.910+00 .38880+31 .45520—01
7 .3  .566 2 0 + 00  .391*S1401 .4 . .0 .50—01 -
1.4 .567601-OC •4002E+D1 .43L .9E—01
7.5 .5674E1-flG .4.0590+01 .L.20bE—01
7.6 .567+0+00 .4115E+01 .40390—01
7.7 .0678E*00 .41720*00 .380 10-00
7.8 .5685E+00 .422901-I l .36’.20—Gi
7.9 . O o 9 l E + O C  .4 2 86 E4- C 1 .341 70— 01
8 . 0  .9 7 0 7 1 + 0 0  .434304 -3 1  .3 1 7 8 0— 0 1
8.3. .57220401 .44000*01 .2927E’Ol.
8.2  .57410+00 .44570+11 •2667E—&~
8.3 . 5 7 6 6 0 + 0 0  .45150*2 1  .2 4 0 1 E— 0 1
6 . 1. .578 11+00  .4 573 0+0 1  .2131 E—01
8 . 5  . U 8 0 5 1 4 - C &  . 46 3 0 0 4 - 2 1  - . 1 A 6 1 E — C 1
8.6  . 5 8 3 6 6 + 0 0  .4689E401 . 1 5 92 E — 0 1
8 .7  . 0 8 5 7 0 4 - 0 0  .47470* 11 . 13 2 7 0 — 0 1
8 . 6  . 5 B B L E - 3 0  .4 8060+0 1  . 10 6 9 0 — 0 1
8.9 .6 9 1 3 0 + 3 6  .‘ .865E4-31 .8 1 9 6 0 — 0 2
9 .3  .5 94 2 0 + 30  .‘.92404- 01 .5 8 1 3 0 — 0 2
9.1 . 0 9 7 2 0 + 0 0  .49840+31 . 3 54 0 0 - 0 2
9 .2  . 90 0 1 0 +0 0  .5043040 1  .11+ 5 7 0 — 0 2
9.3 . 0 3 3 1 0 + 1 3  .51040+11 — . 4 7 8 6 E— 0 3
9.1* .4 3 6 8 0 + 0 0  .514.04-01 

- 
— . 22 3 1 0 — 02

9 .5  .11891+01 .5 2 2 5 0 4 - 0 1  — . 3 7 8 7 0 — 0 2
9 .6  .61181*30 .5 2 8 6 0* 0 1  — .91330— 0 2
9 .7  .o14511- -T L. .531+70 1 - l i  — .62 5 8 0 — 0 2
9 .8  .0. 1711+36 .54 0 9 0 + 0 1  — .71950- 02 .
9 .9 . 6 19 4 0 + 0 0  .14710+11 — .7 8 1 7 0 — 0 2

10.0 .6 2 2 6 1 + 0 0  .5 5 3 3 0 40 1  — . 8 2 3 7 E — 0 2
13.1 .6 2U21+ _ l  .9 5 9 5 0 + 2 1  .8s1’.E 12
10 . 2  . 126 3 1+30  . 5 6 5 8 0 4 0 1  — . 4 3 . 6 0 — 02
10 . 3  .628i~~4 l1 -  . 5 7 2 00 + 1 1  — . 8 3 3 3 1 —0 2

— 10. ’. . 0 . 2 9 8 0 + 3 1  .1783 1431 — .7+780—02
10 .5 .0.313 0 4 1 0  .5845142 1 — . S o o 5 E— 0 2
10.6 .S 32~~F+2 i  . 59 6 - 9 0 4 ) 1  — .0.6 5 0 1 — 1 2
10.7  .433’ s C P . j C  .597 3 0 * 3 1  — . ‘ . ‘ . 090—u2
10.8 .EL 3~* 1 . r + 3 1  .6 0 3 5 6 4 2 3 .  — .29~~10 — 0 2
114 .9  . 0 . 3 1 6 0 + 3 0  .6 0 0 0 0 4 - I s  .12b7E C2
11. 3 .o3 5- . t 4- J [  . 610 .3 0+0 1  . 0 . 0 3 7 0 — 0 3
11.3. .6 3 5 0 . 1 4 6 0  .62276+11  •2 4 5 7~~— C 2
11. 2 .-i30.~~0 I-IC .6 2 9 3 0 4 11 . 4 , i C L — C 2

POS C / P A J  = .7 14,~ —
~~ 1 03+10 . 1 1 8 9 0 + 03  IN ILL 0/ 3  • .01.376 + 1 3

PlOP .1923 * .3 P310  — .3317 0 + 0 3  KL /<SS  =
<P = a .  <-3 .3 5 0 . & E .~~l PHI US C/PHI 15 a .7 1 8 1 .0 — C l

<P—I a — . 5 t 2 3 ~~U - 3  < <  = — .‘SL- ,3 0- I,1 P5II~ = .122 14+ L 3
<PS • .6 2 0 1~~+ .. <30 — .3 6 110+ 11 P2/Pi = .84190450

tIKPP DR = .112~~~* 3  ‘-9.0P) R • 1 16 6 E+ 0 3

RUN MO. 2 — B  0101- E R ,LJME~~t LT 3< < C O T S

S I) ESL IP  10 C O ’ sT ~~3. JEF LE CT IO M
RO O T S  (C - J M PL EX Fl-I ’ll

3 . 3  3 .0
.1-3910— 11

— . 9 0 9 6 0 4 0 )
— . 22~~7 0 t 0 2

1/131 .l 3 i3~~~~O l  j / ’ 9 2  • .905o090. I 1/133 • .I2L N b E . C0

80 = .23416—11 3 3  = .6 .j t l .: 3 lb = .- -~~19~~4 L l  us = — .6 21 0 — 5 2

<ILL 43610 10 C O N T R O L  D E F L E C T IO N
ROOTS ( C O O P L E X  0311 )

. 2 1 . 4 3 0 4 - U i
— . 130113411

1/TP I = 0.  0 / T ’ 2  — .21’.9 31E+- l i  1 /TP 3 - . j ,30-.~a’. 411

OP = .j 413~~+ i 3  .,“ — . i 2 0 0 1 .+l- l-  CP ‘ - 
~~ CI~ uP 0.

Y 4 +  ~ A 10 T O I3~s 1~~31. JLF L CCTIUN -
ROOTS ( C J ” P L E X  F1-~M(

0 . 0  .0
— .2 1 5 1 0 — I l  . 1 9 0 J 3 4 2 1
— .2 15 0 3 — 0 1  .1 -i~~9 1 4 - C C
— .

ZR = .1,95 0 - 0 4 3 0  -~ 4 • .2 - 3 1 0 9 3 o + 0 O  1/1< • .310701. 4 - C L

£ 4  a .52? ljl+3 3’. • .0 . 1 a p E +~~1 CR = .- ‘-,b~~L I 1  3<
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OPTION 2

TINE HO STOR I ES FOR 0+ 1.T EP INPUT

TIME ‘ (T I , RO LL RATE PNI (T), ROLL. ANGLE OE TA T P ,  SL O ESLIP
SEC 003/SEC DOG 006

0 . 0  .799.0—1 1+ 0. . 266 86 -06
.3. .1 1+ 4 8 2 — 0 1  . 75 1 3 0 — 0 3  .1. O ó S E — 0 2
.2 . 2 5 5 0 . 0 — 3 1  .2 182E— ’ 2  .1+ 9 5 E— C 1
.3 .3 3 0 5 1 — 0 1  . 0 74 3 0— 3 2  . 2 9 7 3 E — 5 1
• l. .3 66 4 0 - 0 1  . 9 2 6 9 0 — 0 2  .4 9 0 6 6— 0 1
.5 . 3 6 8 1 4 0 — 0 1  . 1 2 9 9 0— 3 1  .727 10—0 1
.0 .33 6 3 0 — 3 1  .16510— 11 . 1 0 0 3 0 4 6 2
.7 . 2 9 3 2 0 — 0 1  . 0 9 1 + 5 6 — 3 1  .13 16E+00
.8 .13 8 3 0 — 0 1  .21 1 .56—0 1 .16636.00
.9 — . 1 3 9 1 6 — 0 2  .2 2 1 0 E— 0 1  .2 0 4 0 E # 0 0

1. 0 — . 2 0 2 3 0 — 3 1  .21050-11 .2 1 + 4 3 0 + 0 0
1.1 . . 4 2 5 5 0 )1 .17940—I L .28596.06
1.2 — .68 201—11 . 1242 E—-31 .33130400
1.3 — .96900—0 1 .41910—02 .37736+00
1.4 — .3.26464 06  — .7 0 5 5 E— 0 Z  .42 * 504 - 00
1.5 — .162964-11’ — . 2 06 2 6 - 3 0  .1 .7240+00
1.6 —.19960+00 — .39730—01 .52066+00

— 1.7 ~ .Z3BI--E +0L — .51626—6 1 .5b890400
1.8 — .27916+01 — .8?+9E-3 1 .61680400 

—

1.9 — .32130+00 — .it75E4~~ .66410+00
2.0 — .34481+OC- — .1918E.-0J .710304-CC
2.1 — .‘09104-00 — .190504-1: .75510+00
2.2  — .4 5 4 ’ E + Z + i — .23360+3 :  . 79 8 3 6 + 0 0
2 .3  — ...99 3 4 + Q f l  — . 28 1 3 E + T - ~ .8396 0+00
2.4 ..5 ’.L . T E+ Q I  .33 35E+0 ~ . 67876+ 00
2 . 5  — .5 8 9- .~~4 - 3 C _ . 3 902 E + IT  . 9 153 0+0 0
2. 6 — .63360410 — .+513E+0 .91* 9 1+0+6 0
2 . 7 — .,7 7 0 1 + 0 0  — .5169E43 .9 8 0 5 0 + 0 6
2 .8  — . 7 1 9 16 + 00  — .5867E+I l  .00 3 9 0 4 0 1
2 ,9 — .7 5 9 8 6 4 - C O  — .66 0 7 E 4 - 2 ’  . 1 034 E + Ct
3 . 0  - .79891+36 — .73860+1 .  .1050.0+ 81
3.1 — . 53 5 0 0 4 0 0 — .6 20404 0 1  .1071+6+00.
3.2 — .3 7 0 9 0 4 - 3 0  — . 905 7 6 + 3 - :  .1089040 1
3.3 — .93390.00 — .99450+1 .I1O1E+00
3.4 — .93370430 — .10860+11 .1109E4-61
3 .11  — .96120+30 — .11810481 .11130+01
3.4 — .98536 +01 — .12780+00 .13.150+01
3. 7 — .11000.11 — .137804-31 .11130+01
3.8 — .1027 1+31  — . 1 1 +8 0 0 4 0 0  .11080+01
3.9  — . 1 04 2 0 4 - 0 1 — . 15836401 . 10390 +0 1
4 . 0 — .10 5~~EP 01 — .19860+31 . 00 8 8 0 4 - 0 1
4 .1 — .136 0 0 4 - T I  — .17940+31 .107 1+0+0 1
..2 — .1072E’ -C l  — .19010+01 .1057 Ei -01
4.3 — .10756+31 — .aoooo* :- i .10380401
4 . 4  — .11766+6 1 — .211601-01 .111604-01

— .10740+01 — .222 40+11 .99230+00
4.6 — .11686 +01 — .2331EG01 .9SbSE+-00
4.7 —.1061E+0j — .21.376401 .9393E4-00
4 .8  — .3.05- 31+1 1 — .254 304-11  .91050+0 0
4 .9  — . 10 3 70 + 3 1  — .26470+01 .8806 E~~00
5. 0 — .10 2 2 1 4 4 0 1  — .2 7 50 0+ 0 1  .8 4 9 7 0 + 0 0
5.1 — ,100 1E+31 — . 26 5 2 0 4 - 0 1  .8 1 8 0 E4 0 0
5 .2  — . 98 5 4 0 + 0 0  — .295164:1 .18590+00
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5.3 — .9 6 4 3 ’ . + O C  — .3 04 9 0 + 0 1  .75356 .00
5.4 — .341914-IC — .3144E+OL .72120+00
5.5 — . 9 1 7 0 0 + 0 0  — .3237E +0J .689004-00
5. 6 — . 8 9 2 4 0 + 0 0  — .3327E 1-01 . 65 7 3 0 4 - 0 0
5.7 — .86620 +00 — .3415E+00 .62620+83
5 . 6  — .8 393 1+06 — .3501 E+0 L  . 9 96 0 04 0 0
5.9 — .80180406 — .39830401 .2658 E400
6 . 0  — .7 8 1 + 10 + 1 6  — .3 6 6 30 + 3 1  .5 3 8 9 0+0 0
6.1 — .75621+00 — .37400+01 .5023E4- O Q
6.2  — . 72 8 4 0 + 0 5  — .3811.0+31 . 4 87 3 E + 0 0
6.3 — .7009 04-00 — .388604-31 .46400+00
6.4 — .0.739E+C0 — .3954E+Ci .4421.E+00
6.5 — .6+7 50+00 — .4020E+0i .1+2280+00
6 .6 — . 52 2 1 0 + 0 0  — .4 08 4 0 + 0 0  .1+0910+00
6.7 — .5 9 7 4 3 . 4 - 0 3  — .411+50+01 . 3 89 6 0 + 0 0
6.8 — .57410+Ci — .42030+11 .3761,6+00
6.9 — .55201+00 — .4260E1- 1’i. .3648E+00
7.0 — .53130+00 — .4314.0401 .3557E1-00
7.1 — .51220+00 — .4366E4- ’t .34886+00 19

7 .2  — .4 9 4 ’ E + O O  — .44160+30 .  .31+. I E4-0 0
1.3 — .47890400 — .444904-01 .31+150400 f
7.4 — .1.649E+00 — .4512E+0J- .3 400E4-0u
7.5 — ..5281+00 — .45586430 .31*260+00
7.6 — .4 4 2 6 0 + 0 0  — . 4 6 0 3 E4 - 0 1  .3462E+00
7.7 — .431.20+60 — .461*70101 .3517E +00
7,8 — .42780+00 — .46900 +00 .35910+00
7.9 — .1+2310+00 — .4732E+Ci .368104-60
8.0 .42080+00 — .4771*0411 .37860+00
8.1 — .42020400 — .48160+31 .39090400
8.2 — .+2130400 — .48596+01 .401.40400
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RU N NO. 2—I IOUPLINS NUMERA TOR ROOTS

P-U TO 1ILE~~O-’4, 0018 TO RUDDER

1/TP3 • 0.

AP0 .117771 )—3I  BPB = .2686730+00 GPj a (I.

P-s I TI A ILERON , PSO TO RUDDER

1/TPP • .911 1.92—01

A P P  • — .2580536 +8: SPF = — . 2~.’.20OE—C1

PSI 1 3 .IILEPC,N, 6610 T O  RUDDER

ZPS B • . 1 6 0 25 76 — 1 1  W P~~ • .31 2289E+01

AP S8 • .1186533— -2 BPSB = .1187730—03 CPSB • .t 1 9 7 2 9 D — ~~1

PHI TI OILERON , A C O ELE O 8TION TO RUDDER

1/TPAYI — .1=12230 +01, tfSPA’lZ .11*5801,64-61 1,/TPL13 = 0.
-

— 
APAY • .875C333 +II 9086 a . .881.84O+ 00  C PAY • — .t814400 +C2 DRAY 0.

PSI 10 OIL000N, A COELE SAT ION TO RUDDER

ZPSAY .5262620 +03 W PSAY .9779260+36 t/TPSAY = .511+ 2 5 E+00 .

— A P S A Y  S - .86164. 3 6 3 0  8PSIY = .8824830—31 CPSAY = .252 57~~O—13 JP~ iY • — .733 4+00+83

A C I E . E RA T I O N  TO A ILERON , 8224 10 RO-luIR

ZA YB a .9 9 8 1 5 3 6 — 1 1  W O O S  • .+40914E601 1/lAYS = 0.

8868 • .8616 ,6 3 +-J O RAYS = .1=66 1030+00 0095 = .1721790+1- 2 D A Y S  = .1721790 +32

PLEASE REIJON PIPER



- ~~~~~~
- -= .

~~~

. ~~~~~.

AFFDL-TR-78-203

REFERENCES

1. “Dynamics of the Airframe ,” Bureau of Aeronaut i cs , Department of
Navy Report No. AE-6 1—4 11 , September 1952.

2. I.L. Ashkenas and D.T. Mc Ruer , “Approximate Airframe Tranfer
Functions and Application to Single Sensor Control Systems,” WAD C
Technical Report 58-82, June 1958.

3. D.T. Mc Ruer , I.L. Ashkenas , and C.L. Guerre, Systems Technolo gy,
Inc. , “An Analysis View of Longitudinal Flying Qualities ,” WADC
Technical Report 60-43, January 1 960.

4. W .R. Kolk , Modern Flight Dynamics, Prentice-Hall ,Inc ., Englewoo d
Cl i ff, N .J., 1961 .

5. R.L. Sands , “Lateral-Direc tional Dynamic Stability Requirements
of MIL-F-8785A Including a Stick Fixed , 3 Degree of Freedom,

- 
- Lateral-Directional Dynamic Stability Digital Computer Program,”

Mc Donnel l Engineering Note 682, May 1969.

6. C.R. Wylie, Jr., Advanced Mathematics for Engineers and Scientists,
second edi tion , Mc Graw-H ill Book Company ,Inc. , New York , 1960.

7. D.T. Mc Ruer , I.L. Ashke nas , and D. Gra ham, Aircraft Dynamics
and Automatic Control, Princeton University Press, 1973.

8. T. S. Durand and R.J. Wasicko , Systems Technolo gy, Inc., “An
Analysis of Carrier Landing ,” AIAA Paper No. 65-791 , Aircraft
Design and Technology Meeting , November 15-18, 1965, Los Angeles ,
Cal i fornia.

152

~ U.S.Oovornm.nt Printing OffIce: 1979—657-084/297

~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


