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ROTORCRAFT LINEAR SIMULATTION MODEL
Volume ITI. User's Manual

. J. 5. Reaser
Lockheed-California Company

SUMMARY

This report describes a generalized format rotorcraft small perturbation
linear model, Rotor flap, inplane and feathering degrees of freedom, as well
as control and augmentation systems are defined in addition to the classical
vehicle six degrees of freedom. The model simulates a single main rotor air-
‘eraft although it can be readily expanded to simulate compound aircraft with
auxiliary thrust and Wiygs. The analysis concept can alsc be expanded to

model multiple lifting rotor configurations.

This report is divided Into three volumes. The first volume contains the
development of rotorcraft mechanical and aerodynamic equations. The second
volume presents the description of a computer program that can be used to
process the equations. The third volume contains the computer program

operating instructions and defines the input-output data format.

The model development and application assumes that the main rotor control
power, i.e., body moment due to blade flapping, has been established analytically
or experimentally. These data are used to define the equivalent spring rate

of the main rotor to body coupling.

The primary application is intended to be an anmalytic tool to assess the
handling qualities of a dynamically combined main rotor and body. To this end,
the rotor degrees of freedom appear explicitly rather than being included in
the classical six degrees of freedom through a quasi-steady reduction process.
The higher frequency response properties of the rotor are retained, and appear
in the handling qualities assessment., Control and stability augmentation sys-—
tems are therefore evaluated more realistically. The model does not address

the area of rotor dynamic stability.



The model has been implemented in IBM 360 and CDC 7600 series computer
systems. The IBM 360 implementation includes graphic as well as tabulated

output capability,



HT

VT

AR

SYMBOLS

rotor blade section lift 'slope, rad"l
horizontal tail 1ift slope, rad_1

vertical tail lift slope, rad_l

wing-body lift slope, rad_1

blade collective flap up angle, rad
longitudinal flap (up, forward) angle, rad
area, ftz; blade span axis

longitudinal feather {(nose up, forward) angle, rad
aspect ratio

wing span, ft

lateral flap (down, right) angle, rad

dissipation function, ft-1lb/sec; tip loss factor; body

subscript; blade subscript; blade chord (aft) axis

lateral feather (nose down, right) angle, rad



cosine component subscript; blade element chor@, ft; wing

chord, ft

wing mean chord, ft

blade vertical (down) axis

drag coefficient

drag coefficient, input value

control gyro fixed coordinate damping raie, ft 1lb/rad/sec
11ft coefficient

pitching moment coefficient

control gyro rotating coordinate damping rate, ft 1lb/rad/sec
body-wing side force coefficient

center-of-gravity subscript

nondimensional rotor thrust, disc axis

nendimensional rotor torque, shaft axis

nondimensional rotor drag, shaft axis

+

cosine axis cyclic fixed system damping rate, ft 1b/rad/sec

cross axils cyclic fixed system daﬁping rate, £t lb/rad/sec



Céss sine axis cyclic.fixed system damping rate, ft lb/rad/sec

dO collective blade lag angle, rad
dl longitudinal blade inplane (lag, forward) angle, rad
D rotor disc value subscript -
ey lateral blade inplane (lag, right) angle, rad
f
EX : longitudinal rotor inflow gradignt
EY lateral rotor lnflow gradient
fl(X) main rotor to wing wake effectiveness function
fBl first flap mode shape (fundamental mode), ft
f§2 second inplane mode shape (fundamental mode), £t
F fuselage subscript; reference axes; force, 1b
g gravity vector, ft/sec2
h height of main rotor hub above fuselage reference axes, ft
hTR height of tail rotor shaft above fuselage reference axes, ft
hVT " vertical tail center of pressure height above fuselage

reference axes, ft

H main rotor hub refesrence subscript

HT horizontal tail subscript



AB

AG

XZ
Tyy

ZZ

FB

o

induced value subscript

bladelfeathering moment of inertia about the feathering

hinge, slug ft2

blade flap-chord product of inertia about flap and feathering
9 A
hinges, slug ft

blade inplane-chord product of inertia about inplane and

2
feathering hinges, slug ft
blade flap moment of imertia about flap hinge, slug ft2

blade ipplane moment of inertia about inplane hinge, slug

ft2

blade flap~inplane product of inertia about flap and inplane
. 2
hinges, slug ft

helicopter roll moment of inertia, slug ft2
helicopter roll-yvaw product of inertia, slug ft2
helicopter pitch moment of inertia, slug ft2
helicopter yaw moment of inertia, slug ft

spring rate (general), ft 1lb/rad

control gyro fixed coordinate spring rate, ft 1b/rad

flap feedback spring rate, ft lb/rad



RUD

Xxes
KYCS

bee
bes
Oss

Do

ool

£eeye

control gyro totating .coordinate spring rate, ft 1b/rad;
pitch link stiffness, 1b/ft

rudder pedals to tail rotor collective gear ratio
longitudinal cyclic input.gear ratio or spring constant
lateral cyclic input gear ratio or spring constant

cosine axis control gyro spring rate, ft 1lb/rad

cross axis control gyro spring rate, ft 1b/rad

sine axis coﬁtrol gyro spring rate, ft lb/rad'

collective handle to collective control element gear ratio
length, ft

control gyro to swashplate collective gear ratio

control gyro to swashplate cyclic gear ratio

length from fuselage reference axes to horizontal tail

center of pressure, ft
swashplate to feathering gear ratio
length from fuselage reference axes to tail rotor shaft, ft

length from fuselage reference axes to vertical tail center

of pressure, ft

pitch horn crank arm, ft



22 swashplate crank arm, ft

23 pitch-flap coupling arm, ft

ga pitech-lag coupling arm, ft

L aircraft rollipg moment, £t 1b

m blade element mass, slug/ft

M ai;craft mass, slugs; aircraft pitching moment, ft 1b
MLIF blade flap-radius moment of inertia, slug ft2
MR main rotor subscript

MY blade feathering mass moment, slug ft

MIF blade flap mass moment, slug ft

MZL blade inplane mass moment, slug ft

Mpc . cosine blade flapping moment, ft 1b

Mpo coning moment, ft 1b

Mgs sine blade flapping ﬁoment, ft 1b

M;c cosine blade inplane moment, ft 1b

Més sine blade inplane moment, ft 1b

BMg/é blade inplane damping, ft lb/rad/sec



HT

number of blades; airecraft yvawing moment, ft 1Ib

initial value subscript; root value subscript; steady

component subscript

instantaneous roll rate, rad/sec

initial roll rate, rad/sec

instantaneous pitch rate, rad/sec; éeneralized coordinate
generalized force

blade ro?t flapping potential energy, f£ 1b

blade root feathering potential enerxrgy, ft 1b

blade root inplane potential enefgy, ft Ib

initial pitch rate, rad/sec

rotor shaft torque, ft 1b

instantaneous yaw rate, rad/sec; blade radial distance, It
main rotor blade radius, ft; rotor subscript

initial yaw rate; rad/sec

sine component subscript

shaft axes suﬂscript; area, ft2

horizontal tail area, ft2



VT

TR

TR

CcS

vertical tail area, ft2

wing area, ft2

kinetic energy, £t 1b; rotor thrust, Ib
tail rotor thrust, 1b

tail rotor subscript

instantaneous longitudinal velocity, ft/sec
potential energy function, ft 1b

initial longitudinal velocity, ft/sec
instantaneous lateral velocity, ft/sec
initial lateral velocity, ft/sec

trajectory velocity, ft/sec

instantaneous vertical velocity, ft/sec
work funection, ft 1lb; wing subscript
initial vertical velocity, ft/sec
nondimensional blade element radial positiom
instantaneous longitudinal axis

longitudinal aft stick deflection



bc

initial longitudinel axis

blade element chordwise position to trailing edge, ft
tail rotor hub lateral offset to right, ft
instantaneous lateral axis

lateral right-Stick deflection

initial lateral axis

instantaneous vertical {(down) axis

initial vertical (down) axis

angle of atack, rad

shaft angle of attack, rad

pitch-lag coupling

blade flapping up deflection, rad

blade droop from feather axis, rad

side slip angle, rad

climb angle, rad

control gyro up deflection, rad; infinitesimal inerement
cosine component control gyro deflection, rad

11



SW

o

i2

collective componeﬁt control gyro deflection, rad
sine component control gyro deflection, rad
pitch-flap coupling

swashplate up deflection, rad

cosine component swashplate deflection, rad
collective component swashplate deflection, rad
sine component swashplate deflection, rad

wake angle function, rad

blade inplane lag deflection,'rad

blade root sweep forward, rad

load factor

pitch euler angle, rad; blade feathering motion, rad;
3/4 radius collective angle, rad

root collective angle, rad; initial pitch attitude, rad
nondimensional disc total inflow

nondimensional induced inflow

nondimensional disc plane inflow

nondimensional shaft total inflow



b

My

OTR

Teol

Teye

¢o

nondimensional rotor total vector velocity

velocity normalized to rotor tip speed, nondimensional
vector nondimensional velocity

blade element nondimensional perpendicular velocity
blade element nondimensional tangential velocity
nondimensional forward velocity, réference axls system
nondimensional right velocity, reference axis system
nondimensicnal down veloeity, reference axis system
air density, slug/ft3

main rotor solidity

tail rotor solidity

collective actuator timé constant, sec

cyclic actuator time constant, sec

roll euler angle, rad

initial roll attitude, rad

main rotor wake angle, rad

vaw -euler angle, rad

13
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14

blade to control flap feedback lag angle, rad

control gyro to swashplate lag angle, rad

swashplate to blade lead angle, rad; initial heading, rad
control axis lag angle, rad

collective control natural frequency, rad/sec

cyclic control natural frequency, rad/sec

main rotor speed, rad/sec

tail rotor speed, rad/sec



1. INTRODUCTION

1.1 Contents of Manual

Volume III is a user's manual primarily concerned with the mechanics of
operating the program. The user is assumed to be familiar with the contents
of Volume I, and have at least an overview knowledge of the computation
structure given in Volume IIL. Input data required tc generate the matrix
medel, and instructions on processing this model with the included analysis

tool are described in this volume.

1.2 Depth of Presentation

It is assumed that the user has a limited knowledge of the program and
wishes to operate the same, and that he is primarily an engineer and second-

arily a programmer. Some experience with FORTRAN formatting codes is

desirable.

2., CONFIGURATION REPRESENTED BY THE LINEAR MODEL

2,1 Major Configuration

The linear model package models a single main rotor, pure or winged
helicopter. Modeling emphasis is toward rotors having high flapping stiff-
ness and flapping moment feedback. The system is represented by a 20 degree
of freedom matrix. A body-oriented reference is used with sets of degrees of
freedom allocated to mein rotor motion and control distinct from the classical

6 rigid body degrees of freedom. The matrix format is given in Table 2-1.

15



TABLE 2-1, WMATRIX FORMAT
DEPENDENT INDEPENDENT
DEPENDENT ROWS COLUMNS COLUMNS

1 Body longitudinal force 1 u 1 X.q
2 Body vertical force 2 W 2 Yoo
3 Body pitch moment 3 @8 3 6o
4 Body lateral force & v 4 6RUD
5 Body roll moment 5 ¢
6‘ Body yaw moment 6 r
7 Collective flap moment 7 a
8 Longitudinal flap moment 8 a;
9 Lateral flap moment 9 b1

10 Longitudinal inplane moment 10 d1

11 Lateral inplane moment 11 e

12 Collective feather moment 12 90

13 Longitudinal feather moment 13 Al

14 Lateral feather moment 14 Bl

15 Collective swashplate deflection 15 Ab

16 Long. swashplate deflection . 16 Ab

17 Lat. swashplate deflection 17 ‘As

18 Coll. control element deflection 18 60

19 Long. control element mom. or defl. 19 ﬁc

20 Lat. control element mom. or defl, )

20

]

16




2.2 Control Input System

The pilot input system matrix subset can be used to define static or
dynamic augmentation where physical relations or properties may be dynamically
interfaced with the pilot controls and swashplate drive. With augmentation

the swashplate is driven by the defined control law.

A mechanical gyro element with feedback from the blade flapping response
and body roll-pitch motions and input commands from the pilot cyclic stick is
given as an example of pilet input processing combined with multiple feedback
paths. This particular example has been included in the linear model. The
swashplate deflection is slaved to the control gyro motion using a first oxrder

lag.

1If the inertia and damper values are zero, the modeling gives a direct
conunection from the pilot to the swashplate serveos. If nonzero values are
used for inertia, mounting springs and dampers, a gyro controlled rotor con—
figuration results. Depending on the relative size of the inrertia and springs,
the gyro element can have attitude or rate response properties. These degrees
of freedom receive a feedback of rotor hub moment. The amount is specified

via inmput data, and is set to zero when a direct swashplate contrel is wanted.

17



2.3 Kinematic Control System

A kinematic control system is obtained from the system of Section 2.2 by
input data changes. Data are selected based on the augmentation coupling
matrix parameter definitions which may be either dynmamic or static (Forces,
moments, or displacements). The resulting element response is then used to

drive the swashplate.

3. PROGRAM INPUT AND USE

3.1 Model Matrix Generation

The model operation sequence consists of data read in, trim calculations,
matrix partial derivatives, and matrix compilation, as shown in Figure 3-1.
The trim algorithm balances longitudinal forces with angle of attack, vertical
forces with collective, and yaw torque with tail rotor collective. Arrays of
inflow, rotor, and non-rotating aercdynamic partial derivatives are then com-
puted. These elements are combined with dynamic terms to compile the system
20 by 20 matrix and forcing functions to be passed to the analysis section of

the program.

3.2 Matrix Analysis Procedures Using Control
System Analysis Package (CSAP)

r

The subprogram assembly CSAP as used here normally processes the matrix
generated by the linear model routine group. CSAP will minimally return the
assembled matrix and characteristic roots. Transfer functions, time histories,
and frequency response data may be selected by the user as detailed in

Section 3.4.

i8
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CSAP consists of a QR double iteration eigenvalue routine, the eigenvector,
and the transfer function routines. As used by itself, CSAP accepts matrix
elements as second order assumed, or as specified order. The latter mode is
used in the linear model, and is used in specifying revised matrix elements

following a N@M@AREEXCEPT. The sequence for the (412, 6E 10.0) format is:
K (00) dependent variable
(01) independent variable

(02) end of input changes (or input)

T matrix row, size alteration (with K = 02)
J matrix column

M polynomial (term} order

Am

: > polynomial coefficients

Ay /

The second order assumed input uses a (3I2, 3E 10.0) format. The input

sequence 1is:
K (00) dependent wvariable
(01> independent variable

{02) end of input

I matrix row, size alteration (with K = 02)
J matrix column
Ay
A . - :
1 polynomial coefficients
A
o

20



0f the @agn;x analysis options available in the CSAP the frequency and
time history 3§t30ns are useful with the linear model. The frequency analysis
gives the amplitude and phase of response of a selected dependent-independent
variable pair.‘ The response is tablulated from a start frequency f0 in a

geometric progression. The increment is the progression common factor.

£ = () @D
F or automatic plotting purposes the number of points, N, can be determined

from the specified last point, fﬂ.

The time history option converts the selected transfer function into state
space. The funection thus defined is modeled by a series of numerical integra-
tors with feedback to a common input and feed forward to the desired output.
With numerical integrators caution is required to keep to integration interval

shorter than the period associated with the highest frequency in the model.

3.3 Data Input Scheme

The data input sequence consists of 23 cards or card images depending on
the input device and assembly methods used. The first twenty cards establish
a configuration. The mext three determine matrix operations, if any, to be
performed. These last cards are repeated to specify all the matrix operations,
such as transfer functions, wanted. See Figuré 3~2. Additicnal flight con-
ditions or configuration changes can be implemented by repeating the first

twenty cards, See Figure 3-3.

As mentioned in Section 3.2 the CSAP capability can be used directly as
a linear analysis tool. To do this cards 2 through 19 in the following deserip-
tion are not used., Instead the required matrix elements are entered directly
with the one matrix square defined per card. See Figure 3-4. The two input
formats are given in Section 3.2. The same procedure ig used to add elements
or modify existing ones in the linear model mode, and is explained under the

Card 23 subheéding in Section 3.4,
21



Tt

-

CARDS

219
CARD 1
MATRIX DATA _— MODEL DATA

Figure 3-2. Basic card input

CARDS
20-23
TITLES
AND
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SPECIFICATIONS
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NOMORE

[
d

NUMERATOR
OPTIONS

|f DENOM. TITLE

%

f CHANGE CARDS

( NOMOREEXCEPT
l/ DENOM. TITLE

CARDS 2-19 —

CARD1

Figure 3~3. Typical input sequence
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CARD 1
MATRIX
INPUT

(

NOMORE

%

( NUMERATOR
OPTIONS

( DENOMINATOR
TITLE

[

K =02

Figure 3-4.

MATRIX
ELEMENT
DEFINITION
CARDS

Analysis stand alone input,




3.4 Detailed Input Description

MATRIX DATA

Card 1 Format (412)

N Dependent matrix size

INPUT Value of 2 gives normal operation of program. Values of
1 and 0 override internal matrix generation, and program
becomes strictly a matrix analysis tool. Zero defines
the second order assumed type of input (See Sec. 3.2).

INV Number of independent matrix columns. Usual value is 4.

TPUNCH Value of 1 will cause matrix element coefficients to be

punched on unit 7.
CASE IDENTIFIER

Caxd 2 Format (18A%)
TITLE Up to 72 alphanumeric characters

{Omit cards 2 through 19 if INPUT # 2)

FLIGHT CASE DATA

Card 3 Format (7F10.0)

VEKNOT Airspeed in knots, values 0.0 and 60.0 to 200.0.

RC Rate of climb in feet/minute.

PHI Tnitial roll right attitude in degrees. Symbol ﬁo.

THETA Initial pitch attitude in degrees. Symbol .

THETAC Root collective blade angle in degrees. Symbol Gc.

W Helicopter weight in pounds.

BETAS Tnitial sideslip to right, angle in degrees. Symbolﬁé.

Card 4 Format (7F10.0)

LOFI Longitudinal blade flapping in radians for neutral CG
from flight-test. Symbol ay -

LAF Lateral blade flapping in ragians from flight test data.

Symbol bl. )



FIX

ETA

EY

LCG

Card 5

RO

DIMENSTONS
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Card ©

NB

H

R

SIGMA

BC

HTR

LTR

Card 7

YTR

RTR

STR

Rotor to wing wake disturbance coefficient. 8ymbol £, (X).
Estimated values of 0.0 at hover and 1.0 at 100 knots up.
Depends on wing-rotor geometry. If data is not available
use 1.0 except at hover.

Normal load factor at CG. Symbolnr.

Longitudinal rotor inflow gradient. Symbol Ey. Values

0.0 at hover, 1.6 for 100 knots up. See reference 1.
Value rapidly reaches 1.6 with increasing speed.

Lateral rotor inflow gradient. Symbol EY' Normally 0.0.

Center of gravity position forward of mast centerline in
feet. Symbol Ecg'

Format (7F10.0)

Alxr density in slugs per cubic foot. Symbol P. Value
.002378 sea level standard.

Format (7F10.0)

Number of main rotor blades. Symbol N.

Height of main rotor hub above c.g. in feet. Symbol h.
Main rotor radius in feet. Symbol R.

Main rotor solidity. Symbola.

Main rotor blade chord in feet. Symbol c.

Tail rotor height above c.g. in feet. Symbol hTR
Tail rotor distance aft of c.g. in feet. Symbol ETR'

Format (7F10.0)
Tail rotor right offset from c.g. in feet. Symbol Yepg®

Tail rotor radius in feet. Symbol RTR'

Tail rotor solidity. Symbol Crg



LHT Horizontal tail center of pressure posgition aft of c.g. in
feet. Symbol EHT'

SHT Area of horizontal tail in square feet, Symbol SHT'

VT Vertical tail center of pressure position aft of c.g: in
feet. Symbol QVT'

HVT Vertical tail center of bressure distance above c.g. in
" feet. Symbol hVT'

Card 8 Format (7¥10.0)

SVT Area of vertical tail in square feet. Symbol SVT'

CBAR Wing mean aerodynamic chord in feet., Symbol &. Used as
reference length in body moment coefficients.

SW Wing area in square feet. Symbol Sw. Note CD , Card 19, is
based on this reference area. 0

WS Wing span in feet. Symbol b.

AR Wing aspect ratio. Symbol AR, Use minimum of 1. Zero will
cause overflow.

ANGLES

Card 9 _ Foxmat (7F10.0)

PSI® Blade pitch imput point counter clockwise from feather
axis in degrees. Symbol ¢O.

PSIFB Feedback return angle counter clockwise from feather
axis in degrees. Symbol ¢FB'

PSIS Cyclic input axis rotation clockwise from body axis in
degrees. Symbol L

PSIG Control gyro to swashplate coupling rotation counter
clockwise in degrees. Symbol ¢G'

TWIST Blade twist nose down from root in degrees. Symbol —81.

SWEEP Blade inplane root sweep forward in degrees,  Symbol QSW'

DROOP Blade droop from feather axis in degrees. Symbol Por*

27



LINKAGE RATIGS

Card 10

LRC

DEL3

ALPH2

LGCEL

LGCYC

KRUD

KTHED

Format (7F10.0)

Swashplate to blade gear ratio, positive for pitch horn
leading blade. Symbol QRC'

Ratio of reduction in blade pitch for blade flapping up.
Symbol 63.

Ratio of reduction in blade pitch for blade lag. Symbol Qye

Collective control element to swashplate collective gear
ratio, Symbol ﬂGCOL' Use 1. for non distributed collective

linkage ratios.

Cyeclic control element to swashplate cyclic gear ratio.
Symbol EGCYC' Use 1. for non distributed cyclic linkage
ratios.

Rudder pedal to tail rotor collective gear ratio. Symbol
KRUD' Rad./unit rudder input.

Collective handle to blade gear ratio. Symbol Ke .
Rad. /unit collective input. o

SPRINGS AND DAMPERS

28

Card 11

KXCS

KYCS

KC

KS

KFB

HSLA

HSLY

Format (7F10.0)

Longitudinal cyclic control element imput. FT lb/unit stick
for control gyro configuration. Rad./unit stick for direct,
kinematic control, Symbol KXCS' ’

Laterial cyclic control element input. Ft 1b/unit stick for
control gyro configuration. Rad./unit stick for direct,
kinematic control. Symbol KYCS'

Control gyro spring rate, cosine axis. Symbol Kc. Use 1.0
for kinematic control configuration. Ft 1b/rad.

Control gyro spring rate, sine axis. Symbol K_. Use 1.0
for kinematic control configuration. Ft 1b/ rad.

Feedback linkage spring rate in £t I1b/rad. Symbol L.
Use 0. for kinematic control configuration. :

Lateral hub stiffness in ft 1b/rad. Symbol aLR/ abl.

Longitudinal hub stiffness in ft 1b/rad. Symbol aMR/ aal.



The coefficients HSLA, HSL@ are best determined from whirl tower data of

moment vs blade deflection. Approximations can be made from force or mnatural

frequency considerations,

then the coefficients may be calculated as the centrifugal force acting on the

hinge offset arm plus. aerodynamic shears acting at the hinge.

obtained from the intercept of the tangent of the outboard section of the

flapping mode shape with the horizontal.

from the blade natural frequency and blade inertia. Only a fraction of this

calculated stiffness will be effective at the shaft, typically 25% or less.

Card 12

KR

GC

s

CR

IbC

Format (7F10.0)

Control gyro rotating coordinates sprimg rate, ft 1b/rad.
Symbol KR' Use 0. for kinematic control configuration.

Control gyro damper, cosine axis., Symbol C . Use 0. for

- kinematic control configuration. Ft 1b/rad./sec.

Control gyro damper, sine axis. Symbol Cg. Use 0. for
kinematiec control configuration. Ft 1b/rad/sec.

Control gyro fotating coordinates damper. Symbol Cr-
Use 0. for kinematic control configuration. Ft 1b/rad/sec.

Inplane damping in ft 1b/rad/sec. Symbol amglag.

FREQUENCIES AND PERIODS

Card 13
PMEGA

WB1

WB2

PTR
WCOL

WCYC

Format (7F10.0)

Main rotor rotation speed in radians per second. Symbol £2.

First flap mode frequency in radians per second. Symbolcuﬁl.
(Fundamental mode).

Second inplane mode frequency in radians per second.
Symbolsnﬁz. {(Fundamental mode).

Tail rotor rotation speed in radians per second. Symbol TR,

Collective system natural frequency in rad/sec. Symbol W, -

Cyclic system natural frequency in rad/sec. Symbol Weye®

29

First if an equivalent flapping hinge offset is known,

The offset may be

Secondly the stiffness can be estimated



Card 14 Format (7F10.0)

TAUCIC Cyclic actuator servo time constant, sec. Symbol Tove

TAUCOL Collective actuator servo time comstant, sec. Symbol T, -

INERTIAS AND MOMENTS

30

Card 15 Format (7F10.0)
IA Blade feathering moment of inertia in slug ftz. Symbol IA'
1B Blade flap moment of inertia im slug ftz. Symbol IB'
IC Blade inplane moment of inertia in slug ftz. Symbol IC'
R
1sP Cross axis generalized blade inertia ~/P m fﬁl f§2 dr
in slug ftz. Symbol ISP' o-
R
M1F Blade generalized flapping mass momenth/P m fﬁl dr in
slug ft. Symbol MIF' o)
R
M2L Blade generalized inplane mass moment‘fp m f§2 dr in.
2 o}
slug £t . Symbol MZL'
R
MY Blade Mass Balance-/p my dr in slug ft.
0
Card 16 Format (7F10.0)
R
2
ML1F Generalized blade inertiay/ﬁ n fpl r dr in slug ft .
Symbol MLIF' o
R
IAB Blade Product of Inertia J[~ my fﬁl dr in slug ftz.
Symbol IAB' o)

-



R

TAC Blade product of inertia h/QHW'fﬁZ dr in slug ft2.
Symbol IAC' o)

2

IG Control gyro diametral moment of inertia, slug ft .

Symbol Ig' Use 0. for kinematiec control system.

Card 17 Format (7F10.0)
IXX Helicopter roll moment of inertia in slug ftz. Symbol IXX'
IYY Helicopter pitch moment of inertia in slug ft2. Symbol IYY.
T IZZ Helicopter yaw moment of inertia in slug ftz. Symbol IZZ'
IXZ Helicopter longitudinal product of inertia in slug ftz.
Symbol IXZ'
AFRODYNAMICS
Card 18 Format (7F10.0)
ApW Wing zero 1lift angle of attack in degrees. Symbol o g
AQHT Horizontal tail zero 1lift angle of attack in degrees.
Symbol [+ .
o
HT -1
LSB Blade 1ift curve slope in rad ~. Symbol a.
AW Wing 1ift curve slope in rad_l. Symbol ae
AHT Horizontal tail 1lift curve slope in rad—l. Symbol Ay
AVT Vertical tail 1ift curve slope in rad_l. Symbol Bype
a
DEDA 3 Wing to horizontal tail wake coefficient. Symbol 8'“3 .
o
F
Card 19 Format (7F10.0)
DCVDB Body side force due to yaw coefficient in rad—l.
Symbol BCY/Bﬁ.
DCMBDA Body pitch moment due to ﬁit&h angle coefficient in rad“l.
Symbol BCMB/ao:.
M Wing pitching moment ccefficient. Symbol CM'
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DENOMINATOR TITLE

DCNBDB

MRTHED

Cb¢

TC

NUMERATOR TITLE

Card 20

TITLE

OPTION CONTROL

Card 21

TITLE

32

Card 22

K

L

) -1
Body yaw moment due to yaw angle coefficient in rad .
Symbol acN/aﬁ.

Blade aero and friction feather damping in ft 1b/rad/sec.
Symbol MRe.

Body drag coefficient. Symbol Eb. Based on wing reference
area, Card 8.

Blade tip coefficient. Symbol B. Value 0.97.
(11)

Format (20A4) )

Up to 80 alphanumeric characters

Format {(20A%4)

Up to 80 alphanumeric characters. Note: N@MPRE entry
gives characteristic roots only, and selects next case.

Format (312, 6EL0.0, 31I1)

Dependent variable (xx)

Independent variable (xx)

Option:

(00) Numerator roots only.

(01) Root locus. {(0S8/360 only)

(02) TFrequency response.

(03) Power spectral demsity. (08/360 only)
{04) Tdime history

(05) Wyquist plots. (0S/360 only)



DATA 1

DATA 2

DATA 3

DATA 4

DATA 5

DATA 6

IPLOT1

IPLOT 2

Gain - Option (01)

Minimum frequency {(rad/sec) - Option (02)
Minimum frequency {(rad/sec) - Option (03)
Finish time (sec) - Option (04)

Maximum frequency (rad/sec) - Option (02)
Maximum frequency (rad/sec) - Option (03)

Print interval (sec) - Option (04)
Note: 250 maximum points.

Frequency increment - Option {02)

Frequency increment - Optiomn (03)

Forcing variable step amplitude - Option (04)
Characteristic length (ft) - Option (03)

Integration step (sec)} - Option (04). Note: Must be
comparable to highest model frequency.

Velocity (ft/sec) - Option (03)
Forcing variable step duration (sec) - Option (04)

Y axis plot scale factor - (0S/360 only) - blank assumes
unity factor

(0) No plots
(1) All plots and linear X axis (Option 03)
(2) Phase plot only (Option 02)
Log X axis (Option 03)
Position plot only (Optiomn 04)
(3) Rate plot only (Option 04)
(4) Acceleration plot only (Option 04)

(0) ©No plot error messages,

(1) Prints plot scaling data and error diagnestics.
Use (1).
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IPLOT 3 (0) Numerator title on plot.

(1) Denominator title on plot.

NEW CASE CONTROL

Card 23 Format (20A4)
(No Card) More numerators repeat to card 21.
NOMARE New case data. Go to card 1.

NOMOREEXCEPT Code to revise matrix elements or add new ones (including
order expansion - contraction). TFormat is (4I2, 6E 10.0)
for linear model or INPUT = 1 (Card 1) specification.
Format is (313, 3E 10.0) for INPUT = 0 (second order matrix
elements assumed). The change cards follow, using the
specification given in Section 3.2.

(NOMORE) End of run.
(blank)
3.5 Program OQutput

The linear model program returns a set of tabulated data, and for 0S/360
installations can optionally return CALCOMP plots of selected frequency re-

sponse and time history functions.

The tabulated output first returns the input with data group titles and
coefficient symbols. Next the output of the trim calculations and repeated
factors are printed. The array of inflow derivatives is displayed on the
following page of output, and is titled GENERAL DERIVAfIVES. The row and
column guide is given in Table 3-1, The compiled derivative array of main
rotor terms follows, and is labeled DERIV ARRAY, The array guide for this
printout is given in Table 3-2. The fixed surface aerodynamics are then
printed as the FIXED SURFACE ARRAY and supplemental elements. The array key
is given in Table 3-3. The supplemental elements can be directly read from

the code name., For example PYVTPR is 8YVT/Or. The P always means partial.
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- TABLE 3-1, GENERAL DERIVATIVE PRINT KEY

ROW COLUMN
INDEX (NUMERATOR) (DENOMINATOR)

1 Al a

e} . * o]
2 p %1 a

c (8]

3 hls al

4 él

5 by
] .

by

7 6,

8 A

9 B,
10 u
11 v
12 ’ — w
13 p
14 q

The completed matrix is displayed under the title CONTROL SYSTEM ANALYSIS
PROGRAM, INPUT DATA. For a given row blank elements or unused high orders of

S are not printed. The row and column key is given in Table 2-1.

Depending on the output options selected the remaining information will
range from a default set about the characteristic equation to CALCOMP frequency

and time history plotsf

The characteristic equation in both factored and polynominal form are then

printed with the DENOMINATOR title,
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TABLE 3-2. DERIV ARRAY PRINT KEY

ROW COLUMN

INDEX (NUMERATOR) (DENOMINATOR)

! "o %

2 Mﬁc- éo

3 Mps ay

4 Méc él

2 Mg by

6 Xp b,

7 YR 60

8 ZR Al

9 Q% By
10 N u
11 v
12 w
i3 P
14 q

The polynomial that is printed is the characteristic equation with the

leading coefficient divided out. This coefficient is printed.

Additional information such as time to 1/2 amplitude (sec), damping
ratio (no units), and damped and natural frequencies (Hz) are supplied. Eigen-

vectors are listed for each root with a non-negative imaginary part.

OQutput similar in form to that printed for the characteristic equation,
except for eigenvectors, is given for each numerator requested. Additional
information depends on the numerator option selected. For no selection the

program print is controlled by specified new case or update information. The
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TABLE 3-3., TFIXED SURFACE ARRAY PRINT XEY
ROW COLUMN
INDEX (NUMERATOR) (DENOMINATOR)
1 XB u
2 ZB v
3 ZHT w
4 My, P
5 M q
6 Mot
7 Yoo
8 Yo
9 Ny
10 Ly
ADDTTIONAL DERIVATIVES
NAME NUMERATOR " DENOMINATOR
PXTRPU X TAIL ROTOR u
PYVTPV Y VERTICAL TATL v
PYVTPR Y VERTICAL TAIL r
PYTRPO Y TAIL l_(OTDR BTR
PZHTWD 7 HORIZONTAL TAIL v

Note: MW is not used.

frequency response option will provide the gain and phase response of the

selected transfer function.
(dB), and phase (deg).

The printout includes w(rad/sec), gain (%), gain

The time ﬁistory option will yield a step response time history for the

specified transfer function.

a function of time are listed.

Values for position, rate, and acceleration as

sample output is given in Figure 3-5.

Units are in the foot-pound-second system.

A
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4, OPERATION CONSIDERATIONS

This release of the linear model software is written almost entirely in

ANS FORTRAN to enhance portability of the program. However, the word length

of the particular machine used is an important factor in obtaining useful
results from the program.

The developmental ‘version of the program uses IBM DOUBLE PRECISION REAL

The release version is written for the CDC 7600 using
Use of the program on

{64 bit word size).
single word variables (60 bit word size for the CDC).

small word size equipment may require reconversion to double word length

computation, particularly in the matrix processing subroutines.

4,1 Computer Resources Required

Only
The

Minimal resources are required to operate the linear model program.
the normal FORTRAN input, output, and punched output devices are used.
I/0 operations are sequential, therefore, the actual device types are not

important; the logical I/0 unit numbers and function are listed in Table 4-1.

TABLE 4-1. 1I/0 UNITS

Unit# Function
5 Input
6 Print Output
7 Punched Card Output

Note that all installation—dependent software has been removed (including

graphic output) to enhance portability.
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On the parent installation's IBM 360/91 (32 bit word size), the linear
model program requires 260K bytes to compile using the FORTRAN IV (H) compiler.
188K bytes are required for execution and a typical case will use less than

10 cpu seconds.

It can be expected that these resource requirements will remain relatively
constant {(i.e., minimal) across machine types. It is estimated that the linear
model program will require less than 100K octal words to compile and execute
on the CDC 7600 (60 bit word size). Typical run times should be less than

‘10 cpu seconds.

5. REFERENCES

1. Castles, W., Jr., and De Leeuw, J. H., the Normal Component of the Induced
Velocity in the Vicinity of a Lifting Rotor and Some Examples of its
Application, NACA Report 1184, 1954,
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HINGELESS ROTDR HOVER DEMONSTRATION

VKNOT
LOFI
RO

[N ==

- »

woo

T800E-03

NB
YTR
SYT

4.00000E 00
=-1.07800E 00
6240000 00

PSIO

4,00000E 01

LRC

1.00000€E 00

RC
LAF

H
RTR
CBAR

5. 16000E 00
3.11700E 00
1.00000E 00

PSIFB

DEL3

6. 00000E~Q1

FLIGHT CASE DATA

PHI THETA
F1X ETA
0.0 0.0
0.0 1.00000E 00
DIMENSIONS
R SIGMA
STR LHT
SW WS

1.61000E 01
1. 20000E-01
1.48000E 01

7.00000E-02
1.44800E 01
1.000006E 00

ANGLES

PSIS PSIG

=7.00000E 01 0.0

LINKAGE RATINS

ALPHZ LGCOL

~3.00000E-01 2.73000E~01

Figure 3-5,

THETAC
EX

1.00000E 01
0.0

BC
SHTY
AR

2.860006-01
8. 67000E 00
1.00000E 00

TWIST

8.00000FE 00

LGCYC

2. 41400E-01

Program sample output,

W BETAS
EY LCG
5.0TO00OE 03 0.0
0.0 0.0
HTR LTR
LvT HVT

5.76000% 00

1.92250E 01
1.78600E 01

3.85000E GO

SWEEP DRODP

KRUD KTHED

1.35000E 00 1.00000% 90

» 7004 0
Ty NIDIEO

KIFIVO
gl GHVd



184

KXCS
KR

1.00000€ QC
0.0

OMEGA
TAUCYC

4.44000E 01
2.50000E-02

IA
ML1F
IXX

1.74000E-01
1.73800E 02
1.41900E 03

ADW
DCvDs

=3.00000E .00
—4.05000E 00

KYCS
cc

1.00000E 00
0.0

Wil
TAUCOL

4.94559E 01
2« S0000E-0Q2

I8
IAR
IYY

1.49800E 02
0.0
3.73400E 03

ACHTY
DCMBDA -

~3.00000E 00
4+ 26G00E QO

Figure 3-5.

KC
[

1.00C00E 00
0.0

Wwe2

3.11080€ 01

1C
TAC
1zz

1.41520€ o2
0.0
3.33000E 03

LSB
CH

5.73000E €O
=9.12000E-01

SPRINGS AND DAMPERS

KS KFR

CcR 100
1.00000E GC 0.0 .
0.0 T+.21000f 02

FREQUENCIES AND PERIDDS
OTR WCOL

2.32500E 07 1.6N00NE 02

INERTIAS AND MOMENTS

15P M1F
16
IXZ

1.53680F 02 1,47900E 01

0.0
0.0
AERODYNAMICS
AW AHT
DCNB DB MRTHED
2.50000E QO 4. 53000 00

~2.65300E ¢1 5., 00000E 01

Program sample output {Continued) .,

HESL A HELD

1.N07000F 25 1.0%000E 05

WCYC

1.60000E 02

M2L My
[
5 &
1.41400E 01 0.0 étf%ﬁ
&
o5
33
AVT DEDA3 fc>]

con TC E

3.6000E 00
7.22000E~-01

6.50000E-01
2.70000E-01



4

v
RS
LAMITR

0.0
0.0
0.66499E-01

MUY
DEDA2

0.0
0.33152E 00

LAMDAIC
LAMDAIC

LAMDAILS

g
LAMD
CLW

G.0

~0 +51806E~01
0.0

MUBAR2
DLMTR

0.0
0.30372E 00

A 1ERD
CAP A ONE

«0
-0

&09TE=-OL

*

oQ W ©OOo
o0 NO

AA
OMRTR
Bl

0.81433E 03
0.724T0E 03
0.0

MUTRBR
CLHTY

0.0
0.23719E 00

A LEROD DOT
CAP B ONE

4.T4946E-03
0.0

0.0
0.0
0.0
3.2

6097E=-01

TRIM CALCULATIONS

LAMT
[#2]
ALPHS

—0.51806E-01
0.12565E-01
0.0

PRELTMINARY CALCULATIONS

LAM

0.51806E~01

ATR
TTR

0.30523E 02
0.30868E 03

LAML

0.33695E 00

GENERAL ODERIVATIVES

A ONE
v

0.0
~4. T136TE-Q4

Q.0
3.18567E-05

3.26097TE-01
=La56026E~04

A ONE DDT
v

0.0
4« TL36TE~04

~T34453E-03
—1.56026E~0%

0.0
~3.1856 TE-05

AD
Al

0.45159E~01
Q.0

LAMSQ

0.26839E-02

B ONE

Li

0.0
3.27549E-04

-3.26097E-01
0.0

0.0
0.0

Figure 3-5. Program sample output (Continued)

TMR
MUX

0.50150E 04
0.0

LAMZTR

0.60744E 00

B ONE DOT
P

.
o0

o0 OO0
)
(=]

«0
=T+34453E-03
=T .34453E-03

THED
L AMS

0.16400€ 00
~0.51806E~01

DEDA1

0.66305E 00

THETA ZERD
Q

-2.108T6E-OL
0.0

0.0
=7.34453E-03

0.0
0.C



£y

DERIV ARRAY ~ MATN RCTOR DERTVATIVES

A IERO A ZERQ DOT A ONE A ONE DOT B ONE B ONE DOT THETA ZERN
CAP A ONE CAP B ONE u v W 4 Q
BETA O 0.0 —0.28302E 04 0.0 0.0 0.0 0,0 Q. 1250L6F 08
0.0 C.0 —=0.11465E 03 ~0.11465E 03 0.11465E 03 a.0 G.0
of
BETA C 0.0 0.0 0.0 0.26858E 04 0-11925E 06 0.0 0.0
~0.11925€ 06 0.0 ~0.97289E 01 0.56737€ 02 0.0 0.0 0.26858E 04
BETA S 0.0 0.0 ~0.11925E 06 0.0 0.0 0.26858E 04 0.0
.0 —0.1192%E 06 0.54737E 02 0.27289E 01 0.0 0.26858E 04 0.0
ZETA C 0.0 0.0 0.0 ~0.7T9246E 02 ~0.35185E 04 0.0 0.0
-0 .12900€ 05 0.0 0.28728E-01 0.62487E 01 0.0 0.0 —0.79246E 02
ZETA X Q.0 0.0 0.35185E 04 0.0 0.0 —0.79244E 02 0.0
a.0 =0.12900E 05 0.62487E 01 =0.2872BE~-01 0.0 -0.T9246E 02 0.0
ROTOR 0.0 0.0 —0.26460E 04 0.30703E 02 0.13632E 04 0.25541E Oi 0.0
=0.13632E .04 0.24183E 04 =0.15736E 01 0.505R6E 00 0.0 0,25641E O1 0.30703E 02
ROTOR 0.0 0.0 0.12632E 04 0.15926E 00 0.26460E 04 -0.19070E 01 0.0
0.24183E 04 0.13632E 04 —-0.50586E 00 -0.15815E 01 0.0 ~0.19070E 01 0.15926E QO
ROTOR 0.0 0.914635E 03 0.0 0.0 0.0 0.0 =0.40686E 05
0.0 0.0 0.44007E 02 D.44007F 02 -0.44007E 02 0.0 .
RGTOR 0.0 —0.32619E 03 0.0 0.0 0.0 0.0 ~0.51179E 05
0.0 0.0 -0.17279E 01 ~0.LT279E 01 0.17279E 01 0.0 0,0

Figure 3-5. Program sample output (Continued)

RIrTVOS 9004 d0
TVNIDIEO

Bl 4ovd



vy

X BOOY
7 BGoDY

Z HOR TL

x

BODY
WING
HOR TL
TL RTR

BODY

z % < X X

BODY

L WING

PXTRPU =

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

~<0.14181E~01

FIXED SURFACE ARRAY
v
0.0
0.0
0.0
Cel
0.0
0.0

~0.25840E 01

PYVIPV = 0.0

Figure 3-5.

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0

0.0

PYVTPR = 0.0

PYTRPO = 0.24219E 04 PIHTHD = —G.639520 00

AR

fﬁﬁ ?Kﬂ)é ’

@_{N&

Program sample output (Continued)



ROW COL

1

Sy

1

12

10

1.00000E 0O
1.00756€-02

=1l.62T09E-02
-8.65037E 00

0.0
0.0
—2.T9255E-01

0.0
0.0
=2« 19644E-03

0.0
40 242T78BE-02
~3.17T65E 01

0.0
3.21005E-~03

1,21011E-02
~1.4T908E 01

0.0
0.0
1.83951E-03

0.0
6 .93452E~03
=84 3617TE 01

0.0
=5+ M31LE~D4

0.0
=T 64939 00

[+]
o
65383E-01
0
o)
4

9462E-02

1397 00

CHPrO OO OO
« ..
Qo

(=N =3
()
(=N =

—3.78750E~01

cot

3

13

2

2

9

13

13

11

~2.46354E-01
3.21725€ 01

0.0
8.65037E 00

0.0
1.00000E 00
2. 79254801

0.0
1.70441E-03
0.0
0.0
3.54332E-03
1.88379E OV

—l.T5T44E-02
0.0

0.0
«le533460E 01

0.9 .
=1.00710E-02
0.0

0.0

0.0
—8.79397E 00

0.0"

5.18902E—04

0.0
~5.87316E~02
~T.65382€-01

~l.16021E 00
“~1.T9295E 01
0.0

0.0
0.0
1.82660E 02

0.0
1.03027E 02
0.0

Figure 3~5,

oL

4

14

13

14

L4

13

CONTROL SYSTEM ANALYSIS PROGRAM

INPUT DATA
coL

0.0 5 —%,28348E-02
~3.21005€-03 0.0

0.0

~1.534606 01

0.0 7 —3.75409E-01
0.0 -5.81482E 00
—~2.79255E-01 0.0
1.00000E 00 & 0.0
5.36486E-02 0.0

0.0 6. 99053604
0.0 14 0.0

0.0 0.0
-1.88379E 00 3.34190E 00
1.00000E 00 5 1.58331E-01
2.64325E-02 -3.21725€ 01
0.0
—-8.65037€ 00

0.0 5 1.00000F 00
0.0 9. 7024 6E~02
1.62397E-02 0.0

c.0

0.0
~4.95707E 00

0.0 5 —8.592746~02
~1.54368E-02 0.0

0.0 7 1.000008 00
0.0 1-88934E 01
7.65383E-01 2.44588E 03
n.0 5 0.0

0.0 ~1.030278 02
-3.78750E~01 0.0

0.0

2.0

7.9092TE 02

0.0 5 «1.16021E 00
0.0 ~1.79295E 01
. 49462E-02 0.0

Program sample

ot
&6 0.0
1.528T1E-02
12 0.0
0.0
2.5817BE 02
5

12

0.0
T«15043E-03
0.0

0.0
~3.15232E-01

0.0
0.0
=2.01648E-01

1 .00000E QO
2.86802E-01

0.0
0.0

-8.,33728E 02

-1.00000E 00
=1.7T9295E 01

—4.T4525E 02

-88000E O]
6068E 02

-1 Q0
0 Eo

output (Continued)

cot.

8 -1.94828E~01

1.67908€ 01

5 0.0

0.0
-8 ,.80538E-92

=1.01062E-03
-8 .65037E 00

Q.0
~5.79131E~-04
=4.95707€ 00

6.42311E-01
0.0

0.0
~8.88000E 01
~T.G606EE 02

~1.00000E 00
-1.79295E 01
—4.T4525E 02



9%

10

11

12

13

14

15

16

17

18
19

20

10

10

10

15

i6

17

18
19

20

0.0
0.0
=1.82660E 02

0.0
0.0
~2.02997E-04

-1 «00000E OO0
-5.58%932E 00
1.00365€ 03

0.0
~9.99152E-02
4. 41544E-02

B8000E 01
8166E 02

LI )
00

e
DOe

TBETE 04

.. e
oo~

TESTE 04

(=2

~1.97857E 04

2. 50000E-02
1.00000E 0O

2+50000E~02
1.00000£ 00

2.50000E~02
1. 00000E 00

1.00000E 00
1.00000E Q0

1.00000E 00

11

11

11

12

10

11

18

19

20

0.0
4.11397E 00
0.0

0.0
5.5996TE-01
0.0

0.0
-8.88000E 01
—2.481646E Q2

L4

5.15562E-01
0.0
0.0

=1.00000€ 00
—5.58932E 00
1.00365€E 03

1.00000E 00
2.87356E 02
2.T5T14E 04

0.0
0.0
-2.91833E 04

0.0
0.0
~2.91833E 04

0.0
—3-T3000E-~01

0.0 .
—=2.41400E-01

0.0
=2.414006-01

Figure 3-5,

14

13

14

15

13

13

0927E

4
o]
]
58324E
0
aQ
[+]

0.0
—-2.56000E

=1.00000E
~2.87356E
=2.56000E

0.0
8.8B000E
L.27586E

1528~
1544E~

02

0z
02

a1

0L

04

oo
02
04

o1
Ok

5

14

14

~5.15562E~01 8
0.0
0.0

996 TE-01

Vo
LR IR
owo

0.0 -]
~8.8B000E 01
~1.27586E 04

-1.00000E 00 16
~2.87356E 02
—2.56000E 04

0.0
~3.794T0E 00
0.0

0.0
0.0
1.68485E 02

0.0
0.0
~1.96107E 04

0.0
0.0
1.64554E 04

Program sample output (Continued)

9 0.0
0.0
-1.68485E 02

? 0.0
~3.79470E 00
0.0

17 0.0
0.0
=1 .64554E 04

17 0.0
0.0
~1.96107E 04

4004 {10
IVNIDIg0

o
qoVq !



Ly

INDEPENDENT VARTABLE DATA

ROW COL
4 4 =2.0T4T6E OL
5 4 ~1.32T18E 01
& 4 1.88761€ 01
18 3 1.00000E 0O
12 1 —9.39693E-01
20 1 3.42020E-01

coL

2 —3.42020E-01

2 =9.39693E-01

Figure 3-5,

coL coL coL

Program sample output {(Continued)

coL.

ALFIVOD M00d 10
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8%

DENCHINATOR

HINGELESS ROTOR HOVER DEMONSTRATION
LEADING COEFFICIENT =

POLY
1.00000€
1.04848E
5.26940E
l.66943E
3.T44TLE
6.37910€
8,65460E
F.60954E
8.83013E
6. T5965E
4.33075E
2.29665E
9.98277TE
3.50935E
9.60900E
1.98311E
3.14337E
3.87224E
3.41234E
2431273E
T.63214E
1.70198E
1.03034E
6.61850E
2.39793E
T«10644E
1.,62200E
1.54907E

00
03
a5
08
10
12
14
16
18
20
22
24
25
27
28
30
31
32
33
34
34
a5
a5
34
k2
33
33
32

S 27
S*R2b
S*¥25
Sk%Z4H
Sx»23
Sx%322
S%x%2]
S®%20
Se%x]9
Skxlg
Sx%x17
S5*%*16
S**15
S5**14
Skxl3
S*%x]12
5%%11
5**10
Sx%
Sk*
S**
Sk ¥
Sk
Shk
S
S %
SEx
Gk

OMFENWEIEANG DD

1.504583E-05

REAL
=1.46843E 02
=1.46843E 02
=1.46T37E 02
=l.46TITE 02
=1.46864E 02
=} .46B64E 02
=6 43TTSE 00
-6.43TT5E 00
=2.,20749E 00
—-2.20749E Q0
=6.32465E 00
—b +32465E 00
—=4.86333E 00
~4.86333E 00
-1,81172€ 00
=1.611732€ 00
-1.86088€ 00
~1.86088E Q0

1.82800E-02

1.82806E-02
~9 . TOB4EE-02
-9 . T0848E£-02
-2 .L0267E~01
-2.1026TE~0)
=4 .00000E O1
-4 .00000E 01
—4 .00000€E Ol

Figure 3-=5,

IMAG

=1.29569E 02
1.29569E 02
-B.51610E O1
8.51610E 01
—4.07533E 01
4.07533E 01
~5.84971LE 01
2.849T1E 01
=7.5620BE 01
7.56208E 01
=5.44739% 0}
5.44739E 01
=1.35494E Q1
1.35494E 01
-1.37087E 01
1.37087E 01
-2.81395E 00
2.81395E 0OC
~3+73053E-01
3.73053E-01
~4,32602E-01
4.32602E-01
~3.60263E-02
3.602463E-02
0.0

0.0

Q.0

TIME TO 172
4,72033E-03
4.T23TSE~D3
4. T1966E-03
1.07669E-01
3,13998E-01
1.09595E-01
1.42225E-01
3.82588E~01
3,72483E-01
=3.7917T1E 01
T.12961E 00
3.29651F 00
1.73287E-02

1.72287E-02
1.73287€-02

DAMPING RATIO
T.49833E-01
8.64894E-01
9.63589E~01
6.52207E-02
2.91T91E~02
1.15329E~01
3.37B3LE-OL
1.21020€E-01

5 .51600E-01

-4 89440E-02

2.189T4E-01

9.85637E-01

FREQUENCY (D)
2.06216E O1
1.35538E 01
&.48460BE 0O
1.56763E 01

1.20354E 01

8.66979E 00 -

Z2-15645E 00
2.181808% 00
4.4TB54E-01
5.93732E-02
6.88506E-02

5. T3376E~03

Program sample output (Continued}

FREQUENCY (N
3.11680E 01
2,70020€ D1
2+42573E 01
1.57097E 01
1.20406E 01
8.72803E 30
2429115E 00
2.,20078E Q0
5+36926E-01
S.94444E-02
T«05631E-02

3.39527E-02

004 d0
T NIOTEO

)

n
Vd

RITIV
i e



6%

ETGENVEC TORS
REAL TMAG ROW ROwW ROW ROW ROW

—4.00000E O1 0.0 1 1l.07359E—04 2 —4.T&317E 00 3 ~1.75727E-04 4 -3,17841E=03 5 5.02286E-05
& 4.00669E-01 7 ~2.82314E~01 8 2.16T2TE-04 9 —~3.05460F~09 10 =3.4T445E~05
11 3.38913E~06 12 -1.13221E 00 13 ~1.52407E~04 14 =9.5633TE-05 15 ~1.00000& 00
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

~4.00000E 01 0.0 1 1.07359E-04 2 ~4.74317E 00 3 -1.75727E-04 4 -3.17861E~03 5 5.0228&6E~D5
6 4.00669E-0) T =2.82314F-01 B Z.16727E-0&4 9 —3.05469E—09 10 ~3.47445E-05
I1  3.38913E-06 12 =1.13221E 00 13 =1.52407E-04 l4 =9.56337E-05 15 -1 .00000E 0N
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

~4.00000E O1 0.0 1 L.0T7359E-04 2 ~4.T4317E 00 3 -1.75727E-04 4 -3,17B61E-03 5 5,022B6E~05
6 4.00669E-01 T =2.82314E-01 8 2.16727L-04 9 -3.05469F-09 10 ~3 24 TH45E~05
11  3.38913E-06 12 —1.13221E 00 13 —1.52407E-04 14 ~9.56337E—D5 15 —1.00000E 00
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

#NOTE =~ SOME VECTORS MAY BE MISSING ICDNVERGENCE PROBLEMS}
AND REPEATED ROQTS WILL YIELD IDENTICAL VECTORS

EIFTVOD ¥00d 0

Figure 3-5. Program sample output (Continued)
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0%

NUMERATOR DEP VAR

ROLL DUE YO LATERAL STICK STEp
LEADING COEFFICIENT =

PoLY
1-00000E
7.19850F
2.48547E
5.58372E
9.51513E
1.30187E
1.42873E
1.25911E
G+ 194 T9E
5.40182¢
2.54TL1E
9. 55704E
24685858
5.38338E
T.5T4OSE

T.32500E.

' 5.13227E
B.B8454E
4a13164E
1.73158¢&
6.1T616E
T.53840E
1.80597E

00
Q2
o5
o7
09
12
14
16
17
19
21
22
24
25
26
27
28
28
28
28
27
26
24

S*»22
Sk¥21
Swx2Q
S¥%}9
Sx%18
S*»17
S¥xig
S*=%]15
S%kx14
5%%13
Se¥]2
S*xx%x11]
S5*%]10
Sk*
Sx
Sxx
Skx
Sk
Skx
Sk
Sk
Shk
SH%

CrHMpWR VS e D

3.754312E 01

REAL
~1.46728E€ 02
=1.46T28E 02
—1.52579E 02
~L.525T9E 02

2.10767TE 00
9.10767E 00
-2.T358%E 00
=2.T3589E 00
=6 .32487E 00
—6«3248TE 00
=1.75368E 01
=1.7T5368E 01
~3+99986E 01
=2.03841€ 00
=2 .03841E 00
—~1.69910E 00

3.17624E-02

3.17624E-02
=1.98767E~01

~3 144088 E=01 0.0

-2, 44432 E~03 0.0

—4.00000€ O1 0.0
Figure 3-5.

IMAG
-B8.5164TE 01
8.51647E 01
—6.01586E 01}
5.61664E O1
=1.24693E 02
142456938 02
~T.53433E 01
7.53433E 01
=5.44711E 01
S.44T11E 01
~1.75723F 01
1.75723€ 01
Q.0
-1.,32804E 01
1.32804E 01
Q.0
~4.06555€-01
4.08555E~01
0.0

5 / INDEP VAR 2

TIME 7O 1/2
4.72402E-03
4.542B6E—03
~7.61059€~02
2.53353E-0Q1
1. 09591 £-01

3.95252E—02
1.73293E~02

3.40042E-Q1
4. 07949E~01

-2.18229E 01
3.48BT24F 00
2.01445€ 00
2.B83575E 02
1.73287E-02

DAMP ING RATIO
8.648T1E-01
9«1 T444E-~01

=T 28469E—02
3.62884E-02

1.15339E-01

7.06393E-01

1.51714E-01

~T«T5093E~02

FREQUENCY (D}
1.35544E 01
1.05311E 01
1.98454E 01
1.19913€ 01
8.66934E 00

2.TIS6TLIE 00

2.11363E 00

6. 50236E-02

Program sample output (Continued)

FREQUENCY (N}

2.70011E 01
2.64689E 01
1.98983E 01
1.19992E 01
8.,72759€ 00

3.95116E 00

2.13839E 00

6.52198E~-02

KIrIvad 9004 4o
Bl govd TVNIDIHO
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ROLL DUE TO LATERAL STICK SYEP

TIME
2.000001E-02
4.000002E-02
6.000003E02
8.000004E-02
1.000000E~01
1.200001E-01
1.400000E-01
L.600001E~01
1.800001E-01
2.000001E-01
2.200001E-C1
2.400001€-01
2.600001E-01
2.800002E-01
3.000001E-01
3.200002E-01
3.400002E-01
3.600002E-01
3.300002E-01
4.000002E-01
4.200002E-G1
4.400002E-01
4.5600002E-C1
4.B00003E~01
5.000002E-01
5.200003E-01
5-400003E-01
5.600003E-01
5.800003E-01
6.000003E~01
6.200003E-01
6.400003E-01
6.600003E~01
6.800004E~01
7. 000003 E-Q1
7.200004E-01
7+400004E-01
7.500004E-01
T.800004E-01
8.000004E-01
8.200004E~01
8.400005E-01
8.600004E-01
8.800005E-0D1
9.0G00005E~01
9.200005E-01
9.400005E~01
F.600005E-01
F+800005E-01

STEP RESPONSE DEP VAR 5 / INDEP

POSITION
2.45214TE-D6
3.96397T5E~-D5
1-890668E—04
543327T9TE-D4G
1.118639E-03
1.988188E~03
3.189996E~03
4.T41713E-03
6.643586E-03
8.896459E-03
1.148263E-02
1.436859E-02
1.752171E~D2
24090325 E=02
2. 446833 E~02
2.817822E-0D2
3.199675E-02
3.5887T7T6E—D2
3.982454E-02
4.378819E~02
4. TTO140E-OZ
5. 17331 4E-02
5.569995E-02
54965971 E~02
6.36118T7E~D2
6.7T55918E-02
T« 150340E-02
T.5445TLE-02
TeF38635E~D2
8.332342E-02
8.T25244€E-02
9.1168TOE-Q2
9+ 506494 E-02
9.893161E-02
1.02760% €01
1.065410E-01
1.102648 E-~D1
1.139231E~01
1.175085€~01
1.210157E-0L
1.244403 E~01
1.27T7T96E-01
1.310329E~01
1.342012E~-D1
1.372860E~01
1.402904E-01
1.432172E-01
1.460705E-01
1. 488544E—01

Figure 3-35,

VAR 2 FOR A STEP SIZE OF

RATE
5.080563E~04
3.BB5369E-03
1.180184E~02
24295455E-02
3.593107E-02
5.14 7505602
64883132802
B.632195E-02
1.039048E~C1
1.212320E-0C1
1.370884E-01
1.512536E~01
1.637401E£-01
1.740250E~01
L.82168BE-C1
1.885251E-01
1.930137E-C1
1.958737E-OL
L. 976696E-01
1.985569E-01
1.9806809E~01L
1.984862E-C1
1.981879E-01
1.97802TE—C1
1.97T4TT4E~01
1.972864E-01
1.971659E-01
1.970888BE~0O1
1.969805E—C1
1.966984E-01
d.961871E-01
1.953879E~01
1.941644E-01
L.924618E-01
1.903124E~01
1.877040E-0O1
1.846274E-01
1l.811498E-01L
1.773559E-01
1.733190E-01

1l.691160E~013,

1.648241€-01
1.505289E-01
1.563122E-01
1.522180E-01
1.482673E-01
La444952E-01
1.409229E-01
L. 3T5293E-C1

ACCELERATION
7.709253E-02
2. TB3TH4TE-QGL
4.98 4464E~01
6.020201E~01
7.0727556-01
8.396534E-01
8.785021E-01
8.7334256-01
8.826693E-01
B8.3T2694E-01
T.4T7T9498E~-01
6 .69 T365E=01
5. TZBI959E-Q1
4 .56 6354E-01
3.616922E-01
2. T20996E-01
1.787843E-01
1.129574E~01
6.T36881E-02
2.226743E-02

—534T7561E~03

-1.238843E-02

—1.763439€-02

-1.922921€-02

=1 +255404E~02

~T + 245645€~03

—4 .T83049E~03

-3.3807326-03

6. T6T612E~D3

=1 .969228E-02

-3.177948E~02

—~4 .94 5356E-02

=T<32T163E~02

—9.645921E-02

=1.186064E£-01

-1.423808E-01

=1 .646252E-01

—1.824124E-01

=1.963969E~01

~2.066810E 01

~Z.130123E~01

—2.154194E-01

~2.133629E-01

=2.07T9383E~01

—2.013394E-01

~1.9336856-01

~1.835479E-01

-1.738092E~01

~1 « 65 T7584E-01

9.999994E-02

INTEG.

INT. 15

Program sample output (Continued)

5.000003E-03

AIITVOD ¥00d d0
o ADVd TVNISTEO



[4]

1.000000E
1.020000E
1. 0400C0E
1.060000E
1.080000E
1.100000E
1.120000E
1.140000E
1.160000E
1.1B0000E
1.200000€
1.220000E
1.240000E
1.260000E
1.280001€E
1.300000E
1.320001E
1.340000E
1.360001E
1.380000E
L.400001F
1.420000E
1.440001E
1-4560000€
1.480000€
1.500000¢&

1520000

1.540000F
1. 560000
1.580000E
1. 600000E
1.620001E
1.640000E
1.660001E
1.6B0000E
1.T70OD001E
1.720000E
1.740001E
1. T60006E
1. 780001E
1.800000E
1,820001E
1.840000€
1.860001E
1.880000E
1.900001E
1.920001E
1.940001E
1.960001E
1.980000E
2.000001E

STEP DURATION =

00
00
[s]0]
00
00
o]
00
00
00
00
00
00
00
00
00
00
00
00
Q0
00
00
a0
00
]}
00
00
00
00
00
00

Q0.

Q0
00
oo
00
00
00
00
o0
o0
o0
00
00
00
Q0
00
00
Q0
00
00
(114}

1.515720E~01
1.542253€6~01
1.56T955E-01
1.592165E=01
L. 614023E-D1
1.632981E-01
1l 648650E-01
1.660519E-01
l. 668320E-01
1. 672043 E-01
L. 6TL665E-0L
1.667312E-01
1. 659300€E-01
1. 64T9T2E-01
1.63371LE~0L
l.614982E~01
1.598222E~01
1-57T7809E~01
1.556152E~01
1=-5335T4E-01
1.510314E-01
1.486583E=01
L.462533E-01
1.438248E-01
1. 41376TE-0O1
1.389122E~01
1.364309E-01
1.339317E-01
1e314142E-01
1.288784E-01
1l+263257E-0L1
1.237603E=-01
1.211872E~-0Q1
1.186132E-01
1.1604T7T3E-0L
1. 134993 E-~01
1.109787E-0L
1.084960E-01
1. 060608 E-01
1.036816E~0]
1.013659E~01
9.911865F-02
¥ e 69442 LE=02
Q. 4ABLLTEE=-D2
9.2B2076E-02
2.08T133E=-02
B«8%943BE-02
B.718699E-02
B« 544606 E~02
B.3767T41E-02
B 214796E-02

0.100E 01

*SCALE*= 0.202E 02

1.342847£-01

1.309656E=01

1.255292E~01

1-158267E-01

1.0235976~01

Ee599095E—02

6.924B44E-02

4.92651BE-02

2.883692E-02

8.382425E-03
~1.2037L4E=02
-3.121561E~02
~4.861656E=-02
—6.433731E-02
~7.787335E-02
-B.905232E~02
~9.826040E-02
~1.054798E-01
~1.107B49E-01
—1.147401E=01
-1.1762056-01
~1.195143E-01
~1.208389E~01
~1+219160E-01
-1.227897€-01
-1.235978E-01
—1.244766E-01
-1.253898E-01
-1.263171E~01
=1.272226E-01
-1.279714E-01
—1.284832E=01
-1.287203E~0L
~1.285557E~01
-1.278955E~01
~1.267547E~01
—1,2512956-01
~1.229938E~01
~1.203912E-01
~1.174024E-01
~1.140969E~01
-1.105542E-01
~1.068531E~01
~1.030774E~01
-3.931952E=-02
~9.564334E-02
~9.2080186-02
—B.B6TOBLED2
~L.545113E—02
~8.241957E~02
~7.955289E~02

Figure 3-5.

-1.587498E-01
-1.9564727E=01
~3.664339E-01
~5 .986114E~01
~7.271920E-01
-g.i8io24E-01
—-9.55618675E-01
~1.022755E 00
~1.0L8360€ 00
-1.0285386 00
-1.000583E 00
-9.131355E-01
-8.296109€-01
~T.366383E~01
—6.152158E-01
-5.074259E-01
~4 o 12488 5E~01
~3.095744E-01
~2 . 265014E-0]
-1 .TOTY10E=01
-1.173067E-01
~7.622844E~D2
-5 .909675E ~02
—4 544 685E~02
-4, 029000E=02
4 .19 2786E =02
=4 .53 5446E~02
-4 .55 1592E-02
—4 . 669381E-02
—4.257891E-02
=3.171429E~02
=1.940670E~02
~3.096163E-03
2.061364E-02
4.525490E-02
6.8B03856-02
9.400821E~02
1.190614E—-01
1.403872E~01
1.579280E~01
1.718779€-01
1.81733BE~01
1.576407E~D1
1.890265E-01
1.86150BE~01
1.811921E~01
1.747160E~01
1.658B78E-01
1.5605576~01
147266 TE~DL
1.394273E-01

Program sample output (Continued)
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NUMERATOR DEP VAR

PITCH RESPONSE TO LONG. STICK
LEADING COEFFICIENT =

POLY
1.00000E
T« LO44KGE
2. 44889E
5.43141E
Ye16394E
1.24989E
1.3T367E
1.2145%9E
8.92582E
5.28694E
2.51979¢€
9. 59283E
2.754T1E
5.72455E
B.52095E
8. 88349E
6. TI3THE
1.97786E
1.04888E
5.90253E
1.756B1E
1. 66230E

~2. T0L46E

00
02
05
o7
o
iz
14
15
ir
12
21
22
24
25
26
27
28
29
29
28
28
27
25

Sx%22
S*=*x21
S*¥%20
Shu) S
S5**18
Sx%17
Sk*16
Sux15
S**¥14
S%%x]13
Sxx12
Sk¥x1]
S*k%¥10
Sx%
Sk
Shx
Sk
SE®
ShE
Sk*
Sk %
Sk
SEx

QWSO8

1.426716E 01

REAL
=1.54230F 02
=-1.54230E 02
~1+46T32E 02
~1.46T32E 02

1.26965E 01

1.26965E 01
=2.T651TE 00
~2.T6517E 00
—6+32651E 00
=6.32651E 00
=3.99987L (L
=1.6607T9E 01
—=1.466079E 01
-1.90952E 00
«1.90952€ 00
—4.18478BE 00
=4.T0321E-02
-4, TO321E-02

L.40607E-Q2
—2+17439E-0L
2 +1T439E-01
~4 400000k D1

IMAG
“6.54129E 01
b.54129€ 01
-8.51721E 01
8.51T721E 01
—-1.22295€E 02
1.22295E 02
—T.53761E 01
T«53TH1E 0L
=5.44TH6E 01
Setts TOOE 01
0.0
=1l.81269E 0Ol
1.81249E 01
~1+3T289E 01
1.37289E 01
0.0
~4487T055E-01
4.87055E=-01
0.0
-4.58973E-02
4,58973E=-02
0.0

3 7 INDEP VAR 1}

TIME TO 1/2
4,494 23603
4,T239]1E-03
=5.45935E-02
2.506T0F-01

1.09542E-01
1.73252E-02

4,17359E-02

3.62996E-01
1.65635€6-01

1.4737TE 01
“4,92946%E 01

3,18778F Q0
1,732B7E-0Q2

DAMPING RATIO
9.20621E-01
B .64858E-01

~1+03264E-01
3eb66604E-02

1.15357F~01

£ .T5539E-01

1.37T61E-01

F.6117IE-02

9,78440E~01

FREQUENCY
1.04108E
1.35556E
1.94639E
1,19965E

8.6T022E

2.88498E

2.18503E

{D}
01
01
01
o1
00

oo

[s]+]

T.751T72E-02

T.30478E~03

Figure 3-5. Program sample output {(Continued)

FREQUENCY (N}

2.66630E 01
2.7T00228 01

1.95685E 01

+ 1.200458 01}

8.72B49E O

3.91277E 00

2.20606E 00

T.TBTT7E-Q2

3.53691E~D2

O Yoog A0
IVNIDIYo

n
Vd

W



A

FREQUENCY RESPONSE

OFP VAR 3 / INDEP VAR 1
PLTCH RESPONSE TN LONG. STICK

FREQ (RPS) GAIN GAIN (DB} PHASE (DES) FREQ {RPS) GAIN GAIN (D6) BRASE {DFGY
1.00000E-01 1.26340E 00 2.03081E 00 9.33712E 0l 2+ F9B23E~D1 8.21827E o0 1.62956k 01 D24t 01
1.03000E-01 1.30600E 00 Z.3188%E Q0 2.30231F 01 2.98518E-01 9.26G10E 0O 1.93323E J1 826960k 01
1.06090E~01 1.35049E 00 2.60983E 00 9.26792E 0Ol 3.07473E~01 1.05809E 01 2.04904E 01 vedazOll L3
1.09273E~01 1.39698E 00 2.90382E Q0 9.23394E 01 3.16697E-D1 . L.E3055E Q1 * 2.18020E 0Ol J.42908L Gl
1.12551E-01 l.44562E 00 3.20110E Q0 9.20034E 01 3.26198E~0L l.4b6414E 0} 2.331178 01 3.59306F 01
1.15927E~01 1. 49656 00 3.50188E 00 9.16711E 01 3.35984E-01 1.794066E 01 2.50796E 01 §.59637TE Ol
1.194058E~01 1.54996E 00 3.40639E DO 9.13422E 0] 3. 46063E-01 2.28357¢ 01 2.71723E 01 F.46325L (1
1.22987TE-01 1. 60600E 00 4.11491E 00 %.10168E 01 34 56445E-0L 3.G0934E 01 2.95694E 01 1.0594LE. 0z
1.26676E-01 1. 66490E 00 4 42TTHE OO F.06944E 01 3.67138E-01 3.83570F 01 3.16769E€ 0l l.2Tu24f 02
1.3047TTE~0OL 1l.7268TE 00 4.T4520E 00 2.03748E Ol 3.78152E-01 3.81427E 0Ol 3.16282E 01 1.5B239E €2
1.34391E~01 1. 79219E 00 5.06767E 00 9.00579E 01 3. 8949T7E-0O1 2.85538E 01 2.91133E 01 ~L.76479E 02
1.38423E-01 1. 86113 QO 5.39552E Q0 B.97T434E 01 4.01181E-01 1.99631E 01 2.60045E 01 -l.66b46t 02
L.42575E-01 1.93401€ 00 5.72918E 00 8.94312E 01 A, 13217E-01 1.41745F 01 2.30302E 01 ~1.61097t 02
l.46852E~01 2.01121E 00O 6.06913E 00 8.9120BE 01 4,25613E-~01 1.02389E 01 2.02051E 01 =1.58LB2E 0z
1.51258E-01 2.09312E 00 5.41588E 00 8.88122E 01 4.38381 E-01 T.44964E 00 174427 01 ~L.55T21E 02
1.55796E~01 2. 18022€ 00 6.7T7T001E 00 B.85050E 01 4.E51533E-01 5.43959E 00 1.47113E 01 ~1.00052E 02
1.60469E~01 2.27305E QO T7.1321BE 00 8.81990E 01 44 6307B8E-01 4.026E58E 00 1.20994E 01 ~1.45T76EE U2
1.,65283E-01 2.37220E 00 T.50303E 00 B.78940E 01 4. 79031E-01 3.11065E 00 9.B5675E 00 -1.36170E 02
1.T0242E~01 2.4T7839E 00 7.88339E 00 B8.75896E 01 4493401 E-01 2.60021E 00 8,30017E 00 ~1.243058 02
1.75349E~01 2,59242€ 00 8.2T409E 00 B8.72855E 01 5.08203E-01 2.37684E GO 7.52000E 00 -1.1265:¢E 02
1.80609E—01 2.71522E Q0O 8.67610E 00 8.698156E 01 5. 23449E-01 2.31152E 00 T.27795E ©0 =1.02907E 02
1.86028E-01 2. 84790E 00 9.0904%9E 00 8.66T73E 01 5.39153E-01 2.30923E 00 T.26933E 00 =-9.77905f 01
1.91608E~01 2.9917T4E 00 9.51848E 0O B.63729E 01 5. 55327€E~01 2.31955E 00 7.30808E 00 =2.238833E 01
1.97356E-01 3.14827E Q0 F.90144E 00 8.60679E 01 5. 71986E-01 2.32193E 00 T7.31698E 00 -9.147B%E 01
2.032TTE-DL 3.31929€ 00 1.04209E 01 B.57625E 01 Se 9146 E~-01 2.3105%2E O¢ 7.27421E 00 3. 00493 6E 01
2.09375E~01 3.50698E 00 1.08%87€ 01 8.54566E 01 6.06820E-01 2.28563E 00 7.18014E 00 ~3.92471L Ul
2-15656E~01 3.71393E 00 1.1396T7E 01 8.51508E 01 6.25024E-01 2. 24964E 00 T.OLZ28E 00 ={.4B495E 01
2.22126E-01 3.94336E 00 1.19173E 0l 8.48457E 01 6.43775E~-01 2.20528E 00 6.86929E 00 =E.87164E OL
2+28790E-01 4. 19918 00 1.24633E 01 8.45425E 01 6. 63088E-01 2-15502€8 00 6.66902E 00 ~8.8757%F 01
2.35653E-01 4. 48630E 00 1.30378E 01 B8.42431E 01 6.82981E~01 2.10049E QO b.44806E 00 —E.b915%E 01
24427 23E=01 4.81087 00 1.36445E 01 8.39505€ 01 7. 03470E-01 2. 044488 00 6421167E 00 -8,91526E 01
2.50004E-01 5. 18076 00 1.42879€ 01 8.36691E 01 Te24574E-01 1.98700E 00 5.963%95E 00 ~ba.94434C C1
2.537504E-01 5.600619E 00 1.49734E 01 B.34059E 01 T 46311E-01 1.92934E 00 5.708B15E 00 -8.97712E 01
2.65230E~01 6. 1006TE 00 1.57075€ 01 8,31711E 01 T.68700E-01 1.87213E 0C 5.446T2E 00 -7.01253E 01
2.T3186E-01 6.68237E 00 L.649846E 01 B8429806E 01 T+ 91760E~O1T 1.81585E 00 5.18161E Q0 ,—%.04980F 01
2.81382E-01 T.3T637E 00 1.T3568E 01 B.28585E 01 §,15513€E-01 1.76084E 00 4.9143%9E 00 —-3.08840E 01

Figure 3-5. Program sample output (Continued)



11

FREQUENCY RESPONSE

DEP VAR 3 / INDEP VAR 1
PITCH RESPONSE TO LONG. STICK

FREQ (RPS} GAIN GAIN (DB} PHASE {DEG) FREQ {RPS) GAIN GAIN (DB}
8.39978E~0D1 1.70729€ 0O 4.64613E 00 ~2.12825F 01 2-43445E 00 5. 56678E-01 -3.65295E OO
8.65177E-01 1.65535¢ 00 4.3TTB0E 00 ~9.16695€ 01 2.507T48E 00 6.39315E-01 =3.88571& 00
be%1132E-01 1.605128 00 4.11013E 00 =9.21048E 01 2.582T0E €O 6421756E-01 =4412760& 00
9.17866E-D1 1.55663 00 3.84368E 00 —9.252B0E Ol 2.6601BE 0O 6. 03945801 =4,38005E 00
9,45402E-01 +1. 509888 00 3.5788TE 00 —%.29592E 01 2.73999E 0O 5.85826E-01 -4 .648463E 00
9.73T44E~-O1 1.46488E Q0 3.31606E 00 —9.33990E 01 2.82218E 00 5.673586-01 ~44.92286E 00
1.00298E Q0 1.421608 00 3.05557E 00 =%.3847%E 01 2.90685E 00 S.48515E~01 ~5.21624E 00
1.03306E 00 1.37999¢ Q0 2.T9750E 00 =-2.43072E 01 2.99405E 00 5.29290€~01 ~5.52613E 00
1.06406E 0C 1.34000E 00 2.54207E Q0 ~F.47TTIBE 0L 3.0838T7E 0O 5. 09TOOE~QL -5.853T0E QO

1.09598E Q0
1.12885E 00

1.30159€ 00
1. 26470E 00

2+28948E 00
2.03974E 00

=2.52607E 0]
~9.57578E 01

3.17639E 00
3.27T16BE 00

4.89T81E-01
#.569591E-01

-5+19996€E 00
~6.56560E 00

1.16272E 00 1.22928E 00 1.79301E 00 =-%.62702E 01 3.36963E 0O 4.49208E~01 ~6.95104E 00
1.19760E 00O 1.19527¢ 90 1.54932E 00 ~%.68000E 01 3+4T092E 00 4.28728E~01 -T.35636E 00
1.23353E 00 1.16240E 00 1.30862E 00 “2.T34BBE 01 3.57505E 00 4,08259E-0] ~T.781288 00
L.27053€ 00 1.13123€ 00 1.07100E 00 ~9.79183F 01 3.6B230£ 00 3.87921F-01 =-8.22514E 00
1.30868E 00 1.10109E 00 8.36490E-01 ~2.85104E 01 3.79276E 00 3.467824E~01 -B8.68718E 00O
1.34791E 00 1.07215E 00 6.05082E-01 ~3.9127THE Ol 3.30654E 00 3.48090E-01 ~%.16616E 00

1.38834E Q0
1.42999E 00

l. 04433E 00
1. 01758E Q0

3,.76736E~01
1.51396E-01

4« 02374E 00
4o laast5€ 00

~3.9T7TT2Z1E 01
=1.00446E 02

3.28B627E~01
3.10129E-01

=9, 660658 00
~1.01692E 01

1.4T289E 00 9. FLULLE-D) =7 .09369E-02 =1.01153E 02 #e268T8E 00 2.920481E-01 -1.06899E 01
1.51708E 00 9. 6TLIOBE~D] ~2.90497E-01 ~1.018%94E 02 4. 396B4E 00 2.74751E~01 -1.12212E8 01
1.56259E 00 9. 43266E~01 ~5.07318E~01 —1.026T4E 02 4,.52B75E 00 2.58185€E-01 =1.17T614E 01
1.60947TE 00 9.20288E-01 —-7.21521E-0G1 -1 .03495E 02 4 b6461LE 00 2+42421E-01 ~1.230846E 01
1.65T7TTSE 00 8+98121E-01 =92+33301E-01 =1 .04359E 02 4o BOAS9E 00 Re 2T4TIE~O] ~1.28412E 01
1.70748E 00 8. 76715E-01 —1.14283E 00 -1.05272E 02 4s94868E OO0 2.13362€E~C1 =1.34)76E 0}
L.75870E 00 Be.56010E~01 =1.35043€ 00 -1.06236E 02 5.09714E 00 2.00067E~0L1 =1.39765E 01
L.81146E 00 8.35946E-0) =1.55644E 00 =1.07255E 02 5.25005E 00 1.87579E-01 ~1.45363E 0}
1.8658LE 00 Be LO4TOE-OL -1.76120E 00 -1 .08332EF 02 5.40755E 00 1.75879E~D1 ~1.50957E 01
1.92178E 00 T.97517€-01 -1.96520E QO =1.09473E 02 5.56977TE 00 1.64934E~01 =1.56538E 01
1.927943€E 00 7. 79027601 —2.168%5E 00 -1.10679F 02 5.73686E 00 1.54715E=-01 =1.462093E 0Ol
2.03882E 00 T.60934E-01 -2.37306E 00 -1.11957¢ 02 5.90897E 00 1.4516TE-01 =l.67615E 0Ol
2.09998E 00 Te 43166601 —2.5TB28E 00 ~1.13308E 02 6.08624E OO0 1.36312E~01 ~1.73093E 01
2.16298E 00 T+256586~01 -2.78537E 00 =L.14738E 02 6.76882E 00 1.28055€~01 =-1.78521E 01
2.22787TE 00 T.08329E-01 ~2.995308 00 ~l.16248E 02 6445688 00 1. 20377E-0L ~1.83891E 01
2.294T0E 00 6.91108E-01 ~3.20908E 00 ~1.17843E 02 6. 65059 00 1.13242E-01 ~1.89198E 01
2.36354E 00 6. T3917E-D] =3.42787E Q0 ~1.19524E 02 6, 65010 QO 1.06615E~01 =l.94436E Ol

Figure 3-5.

Program sample output (Continued)

PHASE
=1.212%2ZE
-1.23149€
=1.25094F
~1.2T7125E
—1.29239¢
~1.31430E
~1.338693E
~1.36016E
=1.38396E
“l«40BL5E
-~ a%3265E
=1.45729E
~1 4819 b6k
=-1.508651F
=L .53080E
=1.5547 3¢
~l.57817€
—~L.60103%
~1e62324E
b TL-ETY #1
~l.66545k
—L.68539E
=1 .70454E
~1eT2289E
=1.74048E
=1.75732€
=1.7T7346E
~1.78894E

L.T7961EE

1.78186E

1.76802E
1.7546GE

L.74153E

1.72875E

1.7161 7€

1.70373E

(DFG)

a2
02
02
714
0z
02
02
02
0z
02
0z
02
62
02
G2
02
0z
02
02
02
02
o0z
02
0z
02
0z
b2
02
02
0z
oz
02
02
o2
0z
o2

AIIIVAD 900d A0
Gl HOVd TVNIOIZO



9s

DEP VAR

PITCH RESPONSE TO LONG.

3 / INDEP VAR 1

FREG (RPS}

T.055460E
T.26727E
T.48528E
7.70984E
T.94113E
8.17937E
B.424T4E
8.6TT48E
8.937B1E
9.20594E
9.48211E
9. T665TE
1.00596E
1.03614E
1l.06722E
1.09923€
1.13221E
1.16618E
1.20116E
1.23720E
1.2T431E
1.31254E
1.35192€
1.39247E
L.43425E
1.4T7728E
1.52159€
L.56T24E
1.61426E
l.66268E
1.71256E
1. TH394E
1.B14686E
1.87136E
1.927508
1.98532€

00
09
00
[+]+]
00
o0
00
00
00
00
[1]¢]
00
01
o1
c1
131
01
o1
ol
01

01

01
01
ol
01
01
01
ol
[+3§
01
01
ol
ol
0l
01
ol

GAIN
1.00460E«01
9. 4T463E-02
8.94411E-02
Ba45156E-02
Te99416E~02
Te5692TE~02
T«17T434E-02
5. 80699€-02
6. 46493E-02
6« 1460BE-02
5.84821E-02
5.56930E~02
5.30729E-02
5.06014E-02
4. B825T9E—02
4. 60222E-02
4.38T26€-02
4« AT8T2E~-02
3. 9T425E-02
3,77LQCE~02
3.56505E~02
3.35099E~02
3.122T4E-02
2. 87813602
2. 62309E~02
2+36F10E-02
2.12588E-02
1.89847E~02
1.688T8E-02
1.49732E-02
1.324056=-02
1.16852E-02
1.02995E-02
9.0T274E-03
7.992108E-03
T 04420E-03

STICK

GAIN (DB)

-1.99601E
-2 .046BBE
—2.09692E
=2 .146)12E
=2.19445E
—2.24)89E
—2.28B44E
~2+33409E
—2.3TB8TE
—2.422 b0E
—2.46595E
-2.50840E
~2.55025E
~2.59167E
—~2+632B6E
-2.67T406E
—Z2.TL561E
~2.T579LE
~2+80149E
—2.84T09E
=2 .89587E
—2 94965
-3.01093E
—~3.08178E
-3.16237E
—-3.25083E
=3.34492¢
=3 ,443 198
-3.544B5E
-3.64937E
~3.75619€
~3.B6472E
=3,97T436E
-4 J0B452E
~421946TE
=4 .30434E

Figure 3-5.

o1
o1
01
ol
ol
oL
o1
01
01
o1
01
139
01
01
01
0l
ol
01
01
01
Ol
(138
23
Ol
ol
0l
o1
o1
134
0l
01
oL
ol
ol
01
01

FREQUENLY RESPONSE

PHASE {(DEG)

1.69133E
1.6T871E
1.66637E
1.65361E
1. 64G55E
1.62707E
1.61307c
1.59841E
1.58298E
1.56662E
1.54918E
1 .53050E
1.51040E
1.48867E
1l.46513E
1 .43955E
1-41170E
1.38133E
1-34814E
1.311B1E
1.2T199E
1.22853E
1.18194E
1.13389€
1.08675E
1.04223€
1.00085E
9.62557E
9.27178E
B.94T14E
B.65212E
8 .38 708E
B.15187E
T+94566E
T.T&T1LE
T-61447E

02
[vF4
0z
02
02
02
02
0z
0z
02
02
02
02
Q2
0z
02
02
02
02
02
02
02
o2
0z
02
02
02
01
ol
ol
01
ol
01
o1
01
n

FREQ (RPS)

2.04488E
2. 10623E
2416941E
2e 23449F
2.30153€
2+37T057E
2e40]69E
2514948
2. 59038E
2. 05609E
2eT48L4E
2. E3058E
2.91549E
3.00296E
3,09305F
3, 185B4E
3.28141E
3.37985€
3.48124E
3.5B568E
3.69325E
3.80404E
3.91816E
4.035T0E
4. 156T77E
44 2B14TE
4. 40992E
Lo S4221E
4, 6TB848E
4.E1883E
44 56339E
5. 11229E
5.26566E
5 42363E
5.58633E
5.75392€

01
01
01
01
01
0}
01
01
0l
01
0t
01
01
01
01
01
ol
o0i
ol
01
01
[}
01
01
01
01
o1
01
ol
0l
01
01
431
0l
01
ol

GAIN

6+21491E-03
54 49081E~D3
4.65925E-02
%.30851E-03
3.62816E-03
3.40856E~03
3, 04243E-03
2.T217T1E-03
2 44049E~03
2.193405-03
1L.97581E—03
1.78377E~03
1.61383€E«03
1.46307E~0D3
1,32896E~03
1.20937€-03
1.10244E-03
1. 00657E-03
Qe 20425E-04
B.42R)TE~04
7+727T49E~04
T.09343E-04
6£.51857E-04
5.99622E-04%
5.52112E-04
5.08808E~-04
Lo 6F2F2FE-04
44 33193E-04
4, 00176E~04
3,69953€-04
3,42271E~04
3.16901E~04
2.93639E-04
2.72306E-04
2.52755E-04
2. X4B58E~04

Program sample output (Continued)

GAIN (DB}

~4.41313E
4. 520736
=4 .562686E
~4 . T3134E
—4,B3402E
~4.93473E
-5,03356E
~5.13032E
~5.2 2505€
-5.31777E
~5.40851E
“5,49732E
~5,58428E
“5.66947E
~5.75297¢
«5,B34BYE
~5.91529E
-5.99431E
-6.07202€
-6,14853E
~6,22392E
-6 ,29829F
—6.3T169E
-6 . 444 23E
—6.51594E
~5.58689E
—~6.65711E
~6.T2664E
~6,79550F
-6.B6371E
~60 931 24E
-6.998158
—7.06437E
—7.12988E
~7.19460E
—7.25839E

0L
ol
01
[+33
[+}%
ol
0l
01
o1
01
()3
0L
0ol
0l
01
o1
63
0ol
21
0l
01
231
433
o1
ol
0l
ol
01
ol
oL
0l
0l
01
0l
01
0l

PHASE
T.48572E
T.378B6TE
T.29106E
Ta2206LE
TalobZ4E
7.12269E
T.0909 &F
T+.06814F
7.05238E
Teus1950
7.05530¢E
7.03100E
T.027T6HEE
T«02412€F
7.01929E
7.01219E
7.0019%E
6.98796¢
6.96954E
649461 2F
6.%1723E
6.8L254E
6.84172E
&+ TF44GF
6. T40064E
&.68001E
66124 3E
6. 53TTYE
bet559ZE
6365672
5.2T009E
6.16590F
b.U540TE
5.934TYHE
5.80821E
5abT45YE

(DEG)

0l
01
01
a1
ol
01
01
01
0%
ol
[131
«l
01
01
01
ul
o1
0l
vl
01
01
ol
01
01
01
01
ol
01
0L
ol
2%
01
(73]
0i
01
ol



Ly

FREQUENCY RESPONSE

DEP VAR 3 / INDEP VAR 1
PITCH RESPONSE TO LONG. STICK

FREQ (RPS) GAIN GAIN (DB)
5.92653E 01 2. 18502E=04 ~7T«32109E 01
6.106433E 01 2.035B6E~04 ~7.38250E 01
6.28745E 01 1.90029E~04 ~T.44236k 01
G4 THOBE 01 1. 17T7T8B6E-04 ~7+50020€ 01
t«67D36E 01 1. 668TBE—O4 -T7.55520E 01
6.87046E 01 1le 5THL9E~04 =T+60534E 01
T.07557E 01 1.50581E~04 “~T.04446E 01
T.2888T7E 01 1. 49839E~04 ~T+648T5E Ol
T.50753E 01 1. 64792E~04 ~7T.56613E 01
T« T32T5E 01 1. 5654904 ~T.61070E 01
T-264T3E 01 1.38111E-04 ~7.Ti954E 01
B.2034TE Ol 1.29232E-04 =T.TTT26E Q1
Ba&49TBE OL 1.25181E-04 =T.80492E 01
8.T0327E 01 1. 24322E~Q4 =T7.81090E O1
B.96436E 01 1.26307TE~04 —-7.79714E 01
9.23329E 01 1.30607E~04% ~T«T6807E 01
9.51029E 01 1+33803E-04 =T.T4TOTE O1
F.79559E 01 1.25091E-0C4 ~T.BO555E 01
1.00895E D2 9+ 6T330E~05 =-8.02885E 01
1.03921E 02 b+ 42 535E-05 =8.38421E 01
1.07039€ 02 4. 07402E-05 -8.,7T7T995E 01
1.10250E 02 2+ 59TB2E-05 ~9,17T0764E O1
1.13558E 02 1. 69490E-05 , ~9.54171E 0Ol
1.169464E 02 1. 14752E-05 —9.88048E 01
1.204T3E 02 8.25392E-06 ~1.01667E 02
1.2408TE 02 be 40F04E~DS -1.03783E 02
1.27810E 02 5.54260E-06 ~1.05124E 02
1l.31644E 02 5. 06021E~06 —-1.05917€ 02
1.35593E 02 4. T6TSBE-06 =1.06434E 02
1.39661E 02 4+ 53665E-06 ~1.06865E 02
1.43851E 02 4« 313TGE-D6 -1.07303E 02
1.48L67TE 02 4, 0BL124E~06 =1.07784E 02
1.52611E 02 3.83667E~-06 -1.08321E 02
1.5TL90E 2 3.58356E—06 —1.08914E 02
1.61905E 02 3.3268BE=-06 ~1.09559E 02
1.66T62E 02 3.07147E-0& ~-1.10253E 02

Figure 3-5.

PHASE (DEG}

5453409E
5.38T28E
5.23546E
5.08157E
4493 168E
4o THREIE
4.T10L2E
4 .68404E
4.22517E
2.84997E
2.26992E
1 . B4950E
1.33143F
6 .48 009E
-2 .B2 168E
~1.5603B0F
~3+544L0E
—6.24241E
~3.23277TE
~1.175891E
=1.37260E
=1.54016E
=1.TO315E
1.72174E
1.52800E
1.32473E
1.13332E
9. T0421E
B.38885E
T=33428E
6.4T3T5E
5.75278€
5.13219E
4. 58486E
4.09204€E
3.64064E

0l
[+)1
o1
01
01
o1
531
0l
01
01
0l
01
01
Qa0
[o]e]
031
428
o1
01
02
02
02
02
02
02
02
o2
01
01
01
01
01
01
03
13
01

FREQ (RPS!

1. 71765F"
1.76918BE
1-82226E
1. 87692E
1.93323€
1.4912Z3E
2. 05096E
24 11249E
2.17587E
Z2.24114€
2.30838F
2.27T63E
2.44B95E
2.52242E
2.59809E
2.6T604E
2.T5631F
2.+ 83900E
2.92417E
3.01185%E
3.10225E
3.19531E
3.29117¢
3.38990E
3.49160E
3.59634E
3.70423E
3. 81536E
3.92981E
4. Q4TT1E
4. 16914E
4o 29421E
4. 42303E
4o 555T2E
4469239E
4. F331EE

02
02
02
0z
02
02
0z
02
0z
0z
02
02
02
0z
0z
02
0z
02
02
02
02
02
02
02
02
0z
02
02
02
02
02
o2
02
62
02
0z

T GAIN

2.8214CE-06
2.+.57T9B9E~06
2+34926E-06
2+13112E-06
1926 4TE~06
1.735E5E-06
1.5593BE-06
1.39692E~06
1.24B10E-06
1.11239E=-06
GabP150E~07
B.TTEHETE=DT
T TT194F=07
6, 86H49E-0T
6.05951E=GT
5433¢BBE~CT
4,69311E-CT
4. L2100E-07
3.613756-07
3.16496E=07
2. THBEHE-O7
2.4192T7E-0Q7
2, 11203E-07
1.84203E-07
1.60519E-07
1. 39768E-07
1.21613E-07
1.057u5E-07
9.18907E-08
T.98065E-08
6. 92T64E-08
6. 010b64E~08
5.21271E-08
4. 51692E-06
3.91598€-08
3,39233E-08

Program sample output (Continued)

GAIN (DB}

~1.109%1E
=1.1176BE
-l.12581%
~1.13428E
~1.14305E
~le15210E
~ls16141E
~1.17097E
=1.18075E
-1.19075E
=1.20095E
=1.21133E
=1.22190€
-1.23263E
~1.24351E
=1.25454E
~1.26571E
=1.27700E
-1.28841%
=1.29993¢E
-1.31155E
=l.32326E
=1.33506E
=1.34694E
-1.35889E
=1.37092E
-1.38300E
—-1.39515E
—l.40734E
~1.41959E
~l.43188E
~le44421E
=1.45659E
=1 e 466 99E
-1.48143E
-1.,49390%

[ 4
02
02
0z
02
0&
02
02
0z
02
02
02
02
02
02
02
0z
02
02
oz
0z
o2
02
02
02
0z
02
[+
oz
02
02
02
Q2
a2
02
02

PHASE (D
3.22141€
2.82766¢
2.45462F
2.09b66F
1.7571 8¢
l.42827c
1-11046E
5.02651E
5.04084E
2.lal44E

-6.75984¢

—3.4147¢L

—6.07706E

~8.66503E

-1.11805E

~1.36244E

-1.59977E

~1.83016E

~2.05371E
~2.2T054E
~2.4807 6k

2 ,oBa4BE

—2.84185F

~3.07301E

-3.25610F

-3.43T27E

«~3 . 61066E

~3.77845E

—3.94076F

—4,09783E

~4e2497 1E

4,396 6E

~4.535650€F

— e b TEBAE

—4.B80931E

—4.9379 7€

EG)
38
¢l
0l
oY
01
ol
ol
a0
Go
[¢14]

=Gl
GO
o0
00
13
01
01
ol
ol
01
01
01
(93
01
61
63
[}
ol
01
ol
oL
01
01
¢l
0ol
ol
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NUMERATOR DEP VAR

YAW RESPONSE TO RUDDER INPUT
LEADING COEFFICIENT =

POLY
1.00000E
1.04811€
5.26550E
l. 66T46E
3.T3846E
6.36506E
8.63049E
9.5TT09E
8.79412E
6. T2660E
4.30549E
2.28051E
F.89749E
3.47248E
9.48040€E
1.94829E
3.07258E
3.76214E
3.27960E
2. 19901E
6.88682E
1.47613E
5. 42924E
4e 40B53E
1.12034E
3.35329E
T.11667E

00
03
05
08
10
12
14
16
18
20
22
24
25
27
28
3¢
31
az
33
34
34
35
34
34
3
33
32

SH*26
Sk¥25
SwxZ4
Ska23
SKMZ2
Sk%Z)
S*%20
Sx#19
S*%18
S5%%17T
S5%xls
Sx%x15
S*¥x14
S*xx%x13
S%%x]2
S®E*L1
S*x10
%
S¥x
Sk *
SH*
Sx
Sk#
S*x
Sk*
SHx
Sk

CHMNWENE IO

2. 840064E~04

REAL
=1.46843F G2
~1.46843F 02
=1.467134E 02
=1l.46T34E 02
~l.46864E 02
—~1 .46864E 02
=6 .43820F 00
-5.43820E 00
=-2.20672E 00
=2.20672E 00
=6 .32596E 00
~b.32596E 00
—~4.8545TE 00
~4.85457E QO
«1.80903E 00
~1 .80903E 00
=-1.644B1E Q0
~1.84481E Q0

1.4556TE-02

1.45567E~02
~2+62838E-02
-2 .42838E-02
=2 43645E-01
~4.00000E OL
~4.00000E 01
~4.,00000E 01

Figure 3-5.

IMAG
=1.29570E 02
1.29570& 02
—8.51384E 01
B8.51386E 01
—4.07540E 01
4.0T7T540E 01
=9.84956%9E 01
9.84969E 01
=T.56200E 01
T.56200E 01
“H.44b693E 01
5.44493E 01
=1.35425E 01
1.35425E 01
=1.37094E 01
1.37094F 01
~Z.82852E 00
2.82852¢€ 00
=3, T4410E-01
3.T4410E~0C1
—4.084B0E-01
4.08480E-01
Q.0

-

coo
coo

& / INDEP VAR 4

TIME TC 1/2
4,72032€~03
4.72382F-03
4. TLHHSE-03
1.076562E~01
3.14108F~01
1.095728~01
1.42782F-01
3.83159F-01
3.75728E-01
~4. 76169t 01
2.63T17E 01
2. 84490F 00D
1.73287E-02

1.73287E-02
1.73287t-02

NAMPING RATIC
T+ 6G832E-01
%, 64948F-01
9.63568E-01
6.52253E~02
2.q1693é—02
1.15362E-01
3.3T444E-01
1.30822E-01
5.06294E-01

=3 .BB849BE-02

6.42125E-02

Program sample output (Continued)

FREQUENCY {D)
2.06217E 01
1.355028 01
6.48621E 00
1.56763€ ol
1.20253€ 01
£ .66907TE 00
2.15535E 00
2.18191E 00
4.50173E-01
5.95802E-02

6.50106E-02

FREQUENCY

(N)
3.11680E 01
2+69999E 01
2.42574E U1
1.5T097E Q1
1.20404E 01
8,72733€ 30
2.289465E 00
2.20082E 00
5.374460E-01
5.96342E-02

6.51460E-02



65

FREQUENLY RESPONSE

DEP VAR & / INDEP VAR 4

YAW RESPONSE TO RUDDER INPUT

FREQ (RPS} GAIN GAIN (DB
1.00000E-0O1 Teb44%4E 0] 3.T6669E 01

1.03000E-01
1.06090E-01
1.09273E-01
1.12551E~01

7.59021E 01
T«53353€E 01
T.47438E 01
T.41268E 01

3.76051E 01
3.75400E 01
3.T4T15E 01
3.73995E 01

1.1592T7E~01 T.34837E 01 3.73238E€ 01
1.19405E-01 7.28140E C1 3aT2443E 01
1.22987E~01 T.21174E 01 3.TLH08E 01
la266T6E~DL 7.13931E 01 3.70731€ 01
1.304TTE-OL T.06407E O1 3.69811E 01
1.34391E-01 6.98599E 01 3.6B8456E 01
1.38423£-01 6.90505E 01 3.67833E 01
1.42Z575E-01 6.82F19E 01 3.667TT2E 01
l.468526-01 6. T3441E 01 3.65660€ 01
1.51258E-01 6. 64466E 01 3.64494E 01
L.55796E~01 6.55192ZE 01 3.6327T4E 0}
1.60469E-01 6.45622E 01 3.61996E 01
1.65233E~01 5.35747E 01 3.6065TE 01
1.70242E~01 6.25573E 01 3.59256E 01
1.75349E~01 6,15093€ 01 3.5778BE 01
1.80609E-01 6.04206E 01 3.56251E 01
1.86028E~01 5.93212E 0% 3.54642E 01
1l.21608E-~01 5.81804E 01 3.52956E 01
1.97356E~-01 5.70084E 01 3.51188E 01
2.0327TE=01 5.58039E O1 3.49333E 01
2.09375E~01 5.4565TE Q1 3.4T3IH5E 0O}
2.15656E-01 5.32952E 01 3.45337E 01
2.22126E-01 5.19885E 01 3.43181E 01
2.28T7T90E~01 5.06445E 01 3.40906E 01

2.35653E-01
Z2442T23E-01

4.92612E 01
7. TB351E O3

3.36501E 01
3.35949F 01

2.50004E-01 4.563629E 01 3.33234F 01
Za57504E-01 4.48397E 01 3.30332E 01
2.65230E~01 4.3259TE 01 3.27216E 01

2.T3186E-01
2.81382E-01

4. 16149 01
3.98960FE 01

3.23850E 01
3.20186E 01

Figure 3-5,

PHASE (DEG!}

=3.12198¢E
-3.20571€E
—3.29116E
=3.37636E
-3 . 46728E
=3.55793E
—3.65030E
~3.T4436E
=3.84014E
~3.93T60E
=4 .036T2E
~i4 4 13750E
4. 23991E
—f - 34395E
—h o 4HISIE
~4+ 55 681E
-4 b6 560E
~ts o TTH94E
~4 o BBTBZE
~5.,00124E
~5.11618E
«5 .23 265E
=5.35063E
—S.4T016E
-5.59124E
=5.71388E
=5.83811E
=5.96395E
—6.09142E
—6+22052E
=6..35123E
~6 « 48 349E
~6+61715E
—6.75194E
~6.88T38E
—7.02263E

01
o1
0l
01
0l
01
43
01
43§
01
o1
ol
ol
o1
m
o1
0l
01
01
0l
01
ot
01
01
01
0l
ol
01
ol
01
01
01
ot
01
[¢3 8
01

FREC (RPS)

2. 89823E~01
Z2.98518E-01
3. 0T4T3E~-01
34 16697E-01

" B.26198E-01

3.35984E-01
3.46063E~01
3. 56445E-01
3.67138E-01
3. 78152E-01
3. B949TE~01
4. 011B1E~01
4.13217E-01
4.25613E~01
4,.38381E-01
4 e 51533 E-01
4. 65078E-01
4.T903LE-01
4. 91401E~01
5.082036-01
5, 23449E-01
5.39153E~01
5,.55327E~01
5.71986E-01
5,891 46E~01
6. QORZOE-01
6. 25024E=01
£, 43TTSE-01
b.63088E-01
6. B2981E~01
T 034TOE-O1
7.24574E~01
7.46311E-01
T.68700E~0L
7.91760E-01
B.-15513E~01

GAIN
3.B0905E
3.61842ZE
3.41555E
3. 1977TE
2.96112E
2.69922E
2.39987E
Z.037T88E
1.59494E
1.25533E
1.11718E
1.01758E
1.03620E
1.23030E
1. 5407BE
1. 88524€
2,20791E
2.4TBBSE
2.68697E
2.83349E
2.92627E
2.97547TE
2.99096E
2.98125E
2.95310E
2.91174E
2.86109E
7« BO4O5E
2. T42THE
2. 6TET4E
2.61319E
2+ 54695E
2+48061E
2eb14865E
2.34939¢
2.2B505E

01
01
01
ol
01
01
01
o1
01
01
01
01
(438
01
0l
[+31
ol
o1
[533
01
01
(931
ol
01
[s3
01
[+3]
01
o1
1) §
01
01
[¢3
01
01
031

Program sample output (Continued)

SAIN (DB}

3.16164E
3.11704E
3.06692E
3,00969€
2.94291€
2.86248E
2.76038E
2.61B36E
2.40549E
2.19752E
2.09624E
2.01513E
2.0308%E
2.18002€E
2.37548F
2.5%073E
2.68796E
2.78850E
2.85853E
2.90464E
2.93263E
2.94711¢
2+95162E
2.94B79¢
2+94055€
2.92830E
2,.91306E
2.89557E
2.87637E
2.85596E
2.83434E
2+61204E
2. T6G12E
2.76571E
2.T4191E
2.71779E

01
o1
01
01
o1
ol
o1
01
01
01
o1
o1
o1
01
ot
01
133
01
oL
01
01
o1
0k
01
01
01
01
o1
o1
01
oL
01
01
(153
o1
01

PHASE
=T.15631E
-T.28609E
~T+40806L
=T.5156¢E
~T.5974 1k
~T.b63433E
~T.59564E
~7.45806E
~T«39376E
~T.653817€
~Tu6445¢6E
-6 32990F
-4 . 43490F
—2.87416E
—2.066 b
—~1.b8TT16E
=2.01984E
—c+316840EF
—Z2.bETELE
=3.07501E
-3.45181E
=5.H0491E
—4,12927E
—4 4242 9E
=4 .6915LE
—44933061¢
~hel53lel
~5.35290F
=5.535.5€
=5.TUL3IEE
—5.8b615E
=5.9981HF
=~bek2vb ot
=6.25Z3EE
—6.30b&TE
=477 1k

(DEGY

ot
01
o1
01
01
ol
01
01
01
01
01
ol
01
o1
01
01
o1
01
o}
01
01
01
o1
o1
ot
01
01
01
o1
01
o1
o1
oL
01
Ul
o1

REIIVAD 900d Jd¢
ﬂii-ﬁiifﬁii E;ygiggg;i )
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ALTTVOD 400d 40
ST FHVL TVAIDIHO

FREQUENCY RESPONSE

DEP VAR & / INDEP VAR 4
YAW RESPONSE TGO RUDDER INPUT

FREQ (RP5S) GAIN GAIN (DB) PHASE {DEG} FREC (RPS) GAIN GAIN (DB)
B.399T70E-01 2.22183E 01 2.09342E 01 =6+57420E 0L 2.43445E QO T+69658E 00 1.77260E Q)
8.65177E~01 2. 15983E 01 2.668B4E 0L -6 .66879E 01 2.50T48E 00 T.46961E 00 1.74659E 01
§.91132E-~0] 2.09916E 01 2.64409E 01 -6.75805€ 01 2.5827T0E 0O T« 24955E 00 1.72060E Q1L
F.17B66E-0L 2. 03986E 01 2.61920E 01 =6+ 84245E 01 2-66018% 00 7.03558E 0O 1.69460E 01
9.45402E-01 1.98196E 01 2.59419E 01 ~6.92244E 01 | 2. T3999E 00 b.HZH1TE 00 1.66861E 01
9.73764E-01 1.92549E 01 2.56908E 01 -6.99837E 01 2.82218E 00 6. 6Z4701€ 00 1.64263E 01
1.00298E 00 1. 87045 01 2.54389€ 01 -7.07059E 01 2.90685E 00 6. 43169E 00 1.61667E 01
1.03306E 00 1.81682E 01 2.51862E 01 -7.13938E 01 2.99405€E 00 6. 24268E 00 1.59074E 01
1.06406E Q0 1. 76461E 01 2.49330E 01 -7.20501E 01 3.08387& 00 6.05930E V0O 1.56484E 01
1.09598E 00 1.7138B0E 01 2.46792E 01 =7+26769E 01 3.1T639F 00 5.8B8153E Q0 1.53R988 01
1.12885E 00 1.66435E 01 Z2.4424%E 01 =T.327T64E 01 3.27168E 00 Z.705828F 0O, 1.51316E O}
1.16272€ 00 1.61627E 01 2.417T02E 01 =7.38503E 01 3.30983E 00 5.54235E 00 1.48739E 01
1.19760E 00 1.56949E 01 2.39152E 01 =7.44004E 01 3.4T70928 00 5.,36C55E 00 1.46165c 01
1.23353€ 00 1.52402E 01 2.36598E 0O} =7T.49283E 01 3.57505E 00 Fe223B0OE 00 1.43597E 01
1l.27053E 00 1. 47981E 01 2.34041E 01 ~7.54350€ 01 3.6B230E 00 £.07LBIE OO0 1.41034E 01
1.30865E 00 1.436B4E 01 2.31482E 01 =T.59221E 01 3.79276E 00 4.924565E 00 1.38475€ 01
1.34791E OO 1.39508E 01 2.28920E 01 ~T.63905E 01 3.90654E 00 4.TB191E 00 1,35920€ 01
1.38834E 00 1.35450E 01 2.26355E O} ~T+68411E 01 4,02374E QO 4.t4351E 00 1.33369E 01
1.42999%E 00 1.31506E 01 2.23T769E 01 —7.72752E 01 4004458 00 4.50926E 00 1,30621E 01
1.47289E 00 1. 27673E 01 2.21220E 01 ~T.T&934E 0L 4. 2687T8E 00 4.3T903E 00 1.28276E 01
1.51708E 00 1. 23950E O1 2.18649E OL ~T.B0965E 01 4.39684E 00 4.25265E GO 1.25732E 01
1.56259E 00 1.20332E 01 2.16076E 01 ~T«84851E 01 4452875E 00 4.12997E Q0 1.23189 01
1.60947E 00 1.16817E 01 2.13501E 01 —T.88601lE 01 he 66461E 00 4401092E 00O 1.2064%E 01
1.45T75E 00 1.13403E 01 2.10925E 01 ~7.92219€ 01 4480454 00 3.895318 00 1.18108F 01
1.70748E 00 1.10084E 01 2.0834TE 01 ~7.95711E 0] 4. 9486BE 0C 3.7¢303E 00 1.1556&8E 0L
1.75870E 00 1.06863E 01 2.05766E 01 ~7.99081E 01 5.09714E 00 3.6T3IF5E 00 1.13027E 0}
1.81146E 00 1.03733E 01 2.03183E 01 ~8.02335€ 01 5.25005E 00 3.56802E 00 1.10485E Ol
1.86581F 00 1.00692E 01 2.00599€ 01 ~8.05475E 01 5.40755E 00 3.46512E 00 1.07944E 01
1.92178E 00 9. TT378BE OO 1.98012E 01 -8.08506E 01 5« 5097T7TE 00 3.26516€ 0Q 1.05401E 01
1.97943€ 00 9.48689E 00 1.95425¢ 01 -8.11429E 01 5.73685E 00 3.26803E Q0 1.02857E 01
2.03882E 00 9.20812E 00 1.92834E 01 ~8.14249€ 0] 5.90897E 00 3.17369E 00 1.00313€ Ol
2.09998E GO 8.93739E 00 1.90242E 01 -0.1696TE Q1 6, 08624 00 3.08201F 00 9.7T668E 00
2.162%98E 00 B.6T445E 00 1.874648E 01 -8.19585E 01 6+ 26882E 00 2.99293€ 00 9.52192E 00
2.22787E 00 8441909 00 1.85053& 01 ~B.22106E 01 6. 45688E 00 2.90639E 00 9.26TOTE CO
2.29470E 00 8. 1711E GO 1.62456E 01 ~8.24530E 01 6.65059€ 00 2.82231E 00 ?.01209E 00
2.36354E 00 T.93037E 00 1.79859E 01 ~B8.26853E 01 5. 55010F 00 2.T4064€ 00 8.75703E CO

Figure 3~5. Program sample output (Continued)

PHASE (DEG)

—-3.29G37L
-6.3122¢F
~R.3327 3L
-5.3522 6E
-8.37090F
—E.308668
=8.40656E
=H.42166E
~E.43bS EE
~-8.45157E
-8 .46549E
=B84 THT9E
—6.49155E
—85.50342E
—d.51569¢E
=3.52719F
~&.53E36F
~8.54936L
—b.56000E
~b.5T706 3L
-2.5%8101E
—e59126E
~B.60136E
~Beb1133E
—B.bellSE
-8.6308 5E
~8.564043F
~B.b498LE
—8.55%1'0F
—B.566820F
—b.67T15E
-B8.68593E
—B.69451E
~6.T02973C
-8.71116F
~b.71921)E

Ci
01
ul
01
N
ol
0%
0l
Gl
7§
[¢3
ol
o1
01
01
01
01
43}
12}
01
01
01
01
o1
Gl
1)}
ol
ol
01
031
01
01
01
o1
o1
131
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DEP VAR 6 / INDEP VAR 4

YAW RESPONSE TO RUDDER INPUT

FREQ {RPS)

T.05560E
T.26727E
T.48528E
T T09B4E
T.941138E
8.17937E
Be424THE
B.6TI4BE
8.93781E
F.20594E
G.48211E
Q.THL5TE
1 .00596E
L.03614E
1.06722E
1.09923E
1.13221€
1.16818€E
1.20116E
1.23720€
1.27431E
1.31254E
1.35192E
1.39247E
1.43425E
1-47728E
1+52159E
1.56724E
1.61426E
1.66268E
1.71256E
QL. TEIG4E
1.814686E
1.87136E
1.92750E
1.98532E

]}
00
00
00
00
00
00
Q0
00
[*]]
00
(]
01
01
0l
01
01
o1
01
433
o1
01
Q1
o1
ol
(1%
01
o1
o1
o1
ol
ol
01
a1
1
01

GAIN
2.566128E
2.58418E
2.50926E
2. 43650E
2. 346583E
2.29T17E
2.23047E
2.16567TE
2.1027T4E
2.04161E
1.98224E
1.92458E
1.86H857E
1.81417E
1. 76131E
1. 7T1000€
1.66014E
1. 61172E
L. 56467E
1.51895E
1.47455€E
1.43145E
1+38971E
1.34937E
1.31042€8
1. 27275
1. 23621E
1. 20071E
1. 166)9E
1.1320608
1.09993E
1.06B16E
1. 03726E
1. Q0723E

00
00
00
110}
00
1]}
00
oo
00
00
00
00
a0
00
Q0
00
00
00
00
00
Q0
00
00
00
00
00
00
oo
Q0
00
[t4]
00
00
oo

9. 78046E-01
9. 49679E-01

GAIN (DB)
8.50180€E 0O
B.24645E 00
T+99093E 00
7.73532€ 00
T.47968E 00
7.22386E 00
&.96795E 00
6. T11H6E 0O
6-45570E 00
6.19947E 00
5.94314E 00
5.68672E 00
5.43019E 00
5.173%8E 00
4.9167T2E 00
4.65990E 00
4.40291€ 00
4.14578E 00
3.86846E 00
3.63085E 00
3.37316E 00
3.11852€ 00
2.B584TE 00
2.60263E 00
2.34824E 00
2.09483E 00
l.84185E 00
1.5887T9E 0O
1.33537E 060
1.08153E 00
8.2T284E-0L
5«72T03E-01
3,17777E-01
6 w26125E—02

~1.92815€-01
—4.48464E-01

Figure 3-5.

FREQUENCY RESPONSE

PHASE {DEG}

~-8.T270TE
=8.T3474E
—8.74221E
—8.7T4948E
-8.75660E
=8 .7T6348E
-B.77021E
—8.T76T72E
~8.TU305E
-8.789918E
~8.T9513€E
-B.80088E
=8 .B0b643E
-8.8117BE
~8.81L696E
~8.82193E
~B.8266TE
-8.8311%9E
—B.B83545E
-8.83932E
~B.B42T6E
-8 +B84551E
~8.847T53E
=8.84904E
-8.850628
—B8.85267E
~B.085542E
—B8.85864E
~8.86223E
—8.86602E
~8 +869ILE
-8.87379E
~8.8TTE6E
—8.6814TE
~8.88517¢
-8.88879E

0l
01
ol
(D8
ol
ol
01
01
ol
0l
ol
01
o1
ol
01
o1
0l
01
01
o1
ol
ol
01
03
01
ol
£33
ol
)
[
01
0l
01
o1
13
01

FREQ (RPS)

2.04488¢
2. 10623€
2.16941E
2.23449E
2.30153F
2-3705TE
2« 44169E
2. 51494 E
2459038 E
2. 66809E
2., T4814E
2« B3058E
2.91549E
3. 00296E
3.09305E
3.18584E
3.28L41€
3.37985E
3.48124E
3.58568E
3.69325E
3. 80404E
3.91816¢E
4. 03570F
4.156T7E
4. 2Bl4TE
ha 40992E
4e54221E
4o 6TB4BE
4. B1883E
4o F33I9E
5-11229¢
54 26566E
5. 42363E
5.58633E
5.7T5392F

"l
01
01
01
0l
0l
01
01
01
o1
01
01
01
01
01
01
1)
01
01
o1
oL
(3
01
0l
01
01
12
01
01
12
03
0}
01
0l
01
01

GAIN
F.22120E-01
B8.95347E-01
B, 69334E-01
8.44067C~01
8.19529E-01
Te95696E-01
T.T2550E-01
T.50073E-01
T.48246E=01
T.GTOB4E~OL
6.B64T4E-01
6. 6549TE-DL
6. 4TOBIE~01
6.28247TE-01
6.09954E-01
5.92193E-0L
5.T7494BE~01
5.58205E~01
5.419528-01
5.2616TE-0L
5.10840E~01
4,95961E-01
4.81512E-01
4.67T485E~01
4.535866E-01
4. 40645E~01
He27RL2E-DL
4,15352E-01
44.03253E-01
3.91512F-01
3.80127€-01
3.69086E-01
3.58386E-01
3.46013E~01
3.379340-01
3.28121E-01

Program sample output (Continued)

GAIN {DB)

=7.04250E~
~9.60173E~

=1.21627E
~Le hTR24HE
=1.72871E
=1.98506E
—2-2414TE
=2+49793E
=2« T5hbbE
-3.01095E
~3.26752E
=3.52404E
-3.T78072E
~4,03738E
=44 29406E
~4,55073E
—4.80742E
~5,06413¢E
-5.32078E
~5.57T53E
=5.83429E
~6.09104E
=6 34T86E
-5+ 60465E
—b.86144E
~7.11822E
—7.37494E
=T.63L6TE
~7.B8845E
~B.14509E
—£.40143E
~B.&5TH4E
=8.F1296E
3+ 16809E
—9.42334E
-9.67931E

01
01
0u
00
Qo
00
Q0
00
Q0
[$1¢]
[o.s]
00
[s]¢]
Q0
o1
00
00
00
0o
00
00
G0
00
00
00
00
00
00
00
00
00
00
00
[o1s]
[93¢]
00

PHASE
-8.89230E
~6.895464E
—0.H9HG OF
—BL.YLELLT
~8.90517F
=-3.90081LF
=-5.91094¢
~d.91367E
—5.9103 1E
-B.718B8LE
~H.92131¢E
~8,92369¢
=-8.9259&F
—5.928] SE
-8 .2302%F
-5.93232E
~8.93430F
~E.3362LE
-£.93805E
—~3.9394 LE
~B.94151E
—8.94314F
~Be9u4yThE
~6e94623F
—84Y4T65L
—B.94897E
—3.9502 \E
-8.95137¢
=8.95240L
-8.95330C
~65+9541 CE
—be9546CGE
-8.95560E
~8.95673E
~b.95b35E
~B.26026E

tNEG)

01
[#33
73
01
GL
vl
1
01
433
[¥33
oL
vl
01
01
o1
o1
0l
43
ol
s 1
438
¢33
01
[©D3
03
431
01
Qi
01
01
ol
431
0l
0l
Gl
ot

ST H9Vd TYNIDIE0

RITTYND ¥00d J0
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FREQUENCY RESPONSE

DEP VAR & / INDEP VAR 4
YAW RESPONSE TO RUDDER INPUT

FREQ [RPS) GAIN GAIN (DB}
5.92653E 01 3.185T4E-01 —=2.923580E 00
6.10433E 01 3.09287-01 ~1.01928E 01
64+28T745E 01 3.00264E-01 =1.04499E 01
6.4T608E 01 24 21505E-01 =1.07071E 01
6.6T0A6E 01 2.82998E~01 ~1.09643E 01
6.67046E 01 2. T4T3T7E~01 ~1.12216E 01
7.07457E 01 2.66712E~01 —=1.14791E C1
7.28887E 01 2« 58905E~01 =1.17372E 01
7.50753E 01 2.51337E-01 —~1.19949E 01
T.T3275 01 2. 44110E-C1 —1.22483¢ 01
T.96473E 01 2.3T023E-01 ~1.25042E 01
8.20367TE 01} 2.30117E-01 ~1.27610€ 01
8.44978E 01 2.23410E-01 —1.30180E 01
5.TO3AZTE 01 2. 16899E~01 = LeA2T4BE OL
8.96436E 01 2+ 10580E~01 —=1.35316E 01
9.23329E 01 2. 04446E-01 =1.37884E 01
9.51029E 01 1. 98494E-01 —~1.40450E 01
Y. T9559E 01 Le 92736601 ~1.43016€ 01
1.00895E 02 1.87104E-01 =1.45584E 01
1.03921E 02 1.816506-01 ~1.48153E 01
1.0703%9E 02 1-76354E~01 =1.50T7232E 01
1.10250E 02 1. 71217E~01 ~1.53291E 01
1.13558E 02 1.66228E—01 ~1.55859E Ol
1.16964E 02 1.61386E-01 =1.58427E 01
1.20473€ 02 1.56685E-01 =1.60995E 01
L-240BTE 02 1.52120E-01 —=1.63562E 01
1.27810£ 02 1« 47T690E-01 ~1l.66130E 01
1.31644E 02 1.43387E-01 ~1.68698E 01
1.35593€E 02 1.39211E-01 ~1.71265E 01
1.39661E 02 1.35157E-01 =1.73832¢ 01
1.43851E 02 1.31220E=-01 ~1.T6400E 01
1.4BL6TE 02 1.27399E-01 ~1.78967E Ol
1.52611E Q2 1.23688E-01 =1.81535E 01
1.57190€ 02 1.20086E-01 =1.54102E 01
1.619G5E 02 1.16588E~01 =1l.86669E 01
L.66TH2E Q2 1.13193E-01 ~1.89236E Q1

Figure 3-3.

PHASE (DEG)

~B.96219E
-5,96389E
—8.96541E
—8.96672E
-8.96791E
—8.9690LE
-8 .96999E
-8.97060E
~B.96971E
~8.96985E
~8.9T 168E
—-8.97294E
-B.9T3%E
“B . 9TLT5E
-8.97553¢
-B.9T623€
-8.97691E
~6.97769E
~B.9T853E
~B.9792TE
-8 .97990E
-8.98049E
-8.98105€
—8.98159E
-8.95210E
-8.98262€
«B.98311E
~8.98358E
-8 .98 405E
=B %0 H49E
—B.98494€
~8,98538E
-8.98579E
~B.9B618E
~8,98657E,
-8.96697E

01
01
ol
01
01
01
a1
(131
29
01
01
01
1}
01
ol
ol
0l
[}
o1
0l
0l
01
0l
0l
01
133
0l
01
[+)

01

01
01
01
01
0l
ol

FREQ {RPS)

1.71765€
1.76918E
1. B2226E
1.87692F
1. 93323 €
1.99123E
2.05096E
Z2.11249E
2.1T587E
2241 14E
2.230838E
2.23T763E
2.44895E
2452242E
24 59809 F
2. 6TE04E
2.T5631E
2+ 83900E
2.92417F
3.01189E
3, 10225¢€
3.195321E
3.29117E
3.38990E
3.49160E
3.59634E
3.70423E
3.81536E
3.92981E
4. 047T1E
4al6914E
4e29421E
4e42303E
4o 55572
f e 69239E
4.83316E

02
02
02
02
02
02
02
02
02
02
02
074
02
02
02
02
02
02
02
02
02
02
oz
0z
0z
02
02
02
02
02
02
02
0z
G2
0z
02

GAIN
1.09897€E-01
1.06696E-01
1.03589E-01
1,00572E-01
G THH21E~D2
9. 4T3T9E-02
9. 20373E-02
0.93569E-02
B.67543E~02
8.42270E-02
8.1T7735E-02
7.93%20E~02
T 70796E-02
7.48350E-02
T+26553E-02
T.05389E~02
6.84B845E~02
6.64900E-02
5+45531E-02
6.26T30E-02
6. 08475E-02
5.90T755E-02
5.7T3547E-02
S.56641E-0D2
5. 40624E-02
5.24877E~02
5.09590E-02
4. 94T4TE-02
4.80337€-02
44 66348E~02
4.52762E-02
4o 395TEE=-Q2
4o 26TT1E~C2
4elb342E-02
4. 02275E-02
3.%055TE-02

Program sample output (Concluded)

GAIN (DB}

-1.918036
-1.94370E
-1 969385
-1.99505¢
~2.02072E
-2.045640E
~2.,07207¢
—2.09774E
-2.12342€
-2.14910¢
—2.1747TE
~2.200458
-2,22612E
~2.2517%E
~2.27746E
-2.30314E
~2.32881E
-2.35449E
-2.38017€
-2.40584E
-2.43151%
-2.45T19E
~2.48285E
~2.50654%
-2.53421E
~2.55988E
~2.585568
-2.61123€
-2.63691E
—2.66258E
-2.6B826E
-2,71393F
-2.739618
-2.76528E
~2.79095€
-2.B1663¢8

o1
01
oL
o1
01
o1
01
a1
o1
ol
ol
01
01
01
o1
o1
o1
ol
01
01
o1
o1
ol
01
o1
oL
o1
01
01
ol
0l
ol
ol
01
oL
o1

PHASE (DEG)

-8.98734t
~5.94TTIE
-8 .98B08F
-8.96845¢
~8.9B87TE
~8.9891% OE
~8.98942E
~8+ 69T HE
-3 9900 TE
-~0.99037TF
=£.990621
~3.9908 3E
-8.9911zt
—d.¥91alL
-8.991606E
-8.99192E
=3.9921&E
-8.99240F
=i 9926 3E
~8.99286E
=5 .99306¢%
-8.993L7F
=-6.997%4 TE
—1.F936LE
—csYYI3BeE
=1.9940 3E
~8.99419E
~Be9943EL
~8.99450F
—~11 . P94 T 2E
~8,994891(
—8.99504E
—5.9951TE
-H5.99531E
~da9¥9547F
—b.395%6 1E

ol
01
ol
ol
ol
01
o1
Gl
01
01
Gl
01
Gl
01
01
01
o1
ol
G1
01
01
01
01
01
131
Gl
01
o1
01
(")
Cl
01
(33
o1
o1
[
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