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FOREWORD

This report was prepared by the Kaman AviDyne Division of
Kaman Sciences Corporation, Burlington, Massachusetts. It
presents the final documentation of the effort conducted for
the NASA Electronics Research Center, Cambridge, Massachusetts,
under Contract NAS 12-2097, as modified. The work reported in
this document was performed in the period from March, 1969
through February, 1970.and was monitored for the National Aero-

nautics and Space Administration by Miss Ann Muzyka.

The study was performed under the direction of Dr. N. P.
Hobbs, General Manager of Kaman AviDyne. Mr. John Zvara acted
as Program Manager, and Mr. William C. Hoffman served as Project
Leader and Principal Investigator. Prof. A. E. Bryson of
Stanford University and Prof. N. D. Ham of the Massachusetts
Institute of Technology were Technical Consultants for the

study.
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ABSTRACT

A simple perturbation feedback scheme is developed for
automatic guidance of a VIOL aircraft with a velocity-command
flight control system. By neglecting the delay required to
attain a commanded velocity and by using ground range to touch-
down rather than time as the independent variable, a reduced
model having two state variables — altitude and crossrange — and
three control variables — components of commanded velocity —
was obtained. The model was linearized by taking first-order
perturbations about a nominal trajectory. By minimizing a per-
formance index which was quadratic in both the state and the
control variables, an effective linear feedback guidance law

was developed.

To implement the guidance scheme, the nominal state variables,
the nominal control variables, and the feedback gains would be
pre-calculated and stored as functions of range to go in the on-
board computer. During flight, the actual state variables would
be measured and their deviations from nominal used to calculate

optimal corrections to the stored nominal control variables.

The performance of the guidance concept was evaluated by
means of a six-degree-of-freedom digital simulation of the NASA/
LaRC YHC-1A tandem rotor helicopter with the NASA/ERC velocity-

command flight control system. A simple nominal trajectory was
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used, consisting of piecewise-constant vertical and forward

acceleration segments. Simulation results indicate that the
scheme can successfully handle a variety of off-nominal con-
ditions, including initial condition errors, winds and uncer-

tainties in the aircraft characteristics.
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SECTION I
INTRODUCTION

1.1 BACKGROUND

In the past few years, the possible commercial use of V/STOL
aircraft to help relieve the national air traffic problem has
received wide attention. Responding to this interest, the NASA
Electronics Research Center began its V/STOL Avionics Program,
which has an overall objective to "develop and demonstrate the
avionics system technologies that would make V/STOL aircraft
all-weather operations both technically and economically feasible
on civil air route structures and in air traffic environments

representative of the 1975 to 1985 time period' (Ref. 1).

During Phase 1 of the program, the feasibility of using an
I1GS*/nav-aid system for terminal guidance and navigation of
V/STOL aircraft was evaluated. In subphases la and 1b of this
effort, use was made of a Gemini inertial platform and computer
onboard an H-19 helicopter. Flights were made both with and
without position updates from a ground-based radar, and test
results were used to determine update requirements as a function
of sensor performance. Phase lc has involved flight test of the
Gemini system onboard a CH-46C helicopter to provide velocity
and position determination in support of a Langley Research
Center investigation of variable stability helicopter and V/STOL

characteristics.

#Inertial Guidance System.
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The objective of Phase 2 of the program now in progress is
to evaluate and demonstrate the technical and commercial feasi-
bility of using integrated, digital strapdown/nav-aid system
concepts for flight control, guidance and navigation of V/STOL
aircraft. Whereas Phase 1 of the program explored a particular
technical concept (aided inertial guidance system terminal navi-
gation), the concern in Phase 2 is with a total (integrated)
guidance, navigation and control system concept applied to the
enroute problem as well as the terminal problem. Navigation
and guidance is to be accomplished in three dimensions. (In Phase
1, navigation only was done in three dimensions.) Program
activity will consist of analysis, simulation, development of an
experimental flight system and flight test. Major outputs are
planned to be new V/STOL avionics system and subsystem technology,
and test data verifying performance estimates based on analysis

and simulation.

1.2 SCOPE OF INVESTIGATION

This report describes a study of the guidance subsystem
that was carried out in support of Phase 2 of the V/STOL Avionics
Program. The study objective was to develop and evaluate auto-
matic guidance modes and associated software for V/STOL aircraft.
The initial part of the effort, which was reported in Ref. 2,
was restricted to the longitudinal axis of the guidance system,

i.e., the vertical plane. The present report describes the



three-dimensional guidance analysis and documents the entire

investigation.

Fig. 1 is a block diagram of the automatic V/STOL avionics

system showing the flow of information and the relationships of

-

the three principal subsystems (navigation, guidance, and £li:

FLIGHT
OBJECTIVES ) DISTURBANCES
VELOCITY CONTROL
» GuiDANCE | coMMANDS CzwfggL DISPLACEMENTS V/STOL ——wwt:>AmCRAFT
> \ &
_»  SYSTEM , SYSTEM AIRCRAFT MOTIONS
-
ATTITUDE
INFORMATION
VELOCITY
INFORMATION NAVIGATION | MEASUREMENTS ‘ =
SYSTEM SENSORS K
POSITION INFORMATION

Fig. 1. Block Diagram of V/STOL Avionics Systems

control). The function of the guidance system is to control the
position and velocity of the aircraft in order to achieve certain
specified flight objectives, e.g., to transport passengers from
one airport to another under zéro visibility conditions. To
perform this task, the guidance system requires position and
velocity information from the navigation system. It uses these
data to generate velocity commands for the flight control system,
which provides the direct control of the vehicle maneuvers by

displacement of the appropriate aircraft controls.



In the development of the guidance concept, both the navi-
gation system and the flight control system were assumed to be
ideal, i.e., the exact position and velocity were always known
and the response to velocity commands was immediate. The simu-
lation used to evaluate the guidance system's performance included
a detailed representation of the flight control system and the
aircraft dynamics, but neglected imperfections in the navigation

system.



SECTION II

ANALYTICAL DEVELOPMENT

This section presents the analytical development of an
automatic guidance concept for a VIOL aircraft which has a
velocity-command flight control system. A simplified mathe-
matical model of the controlled aircraft is formulated, and
linearized about a nominal trajectory. A linear, feedback guid-

ance law is then synthesized for this simplified system.

2.1 SIMPLIFIED MODEL OF CONTROLLED. VEHICLE

As mentioned in the Introduction, the purpose of the guid-
ance system is to generate velocity commands to the flight con-
trol system. The dynamics of the flight control system and the
aircraft introduce delays in the response to these velocity
commands. However, the response time of the controlled vehicle
(on the order of a few seconds*), is generally short in comparison
to the characteristic time of the guidance function (on the order
of tens of seconds). Thus, relative to the time scale of the
guidance system, velocity commands are very mnearly instantly

achieved.

The guidance analysis commenced with the simplest possible
representation of the controlled vehicle — a perfect autopilot.
That is, the aircraft's true velocity components were assumed

always to be equal to their respective commanded values, i.e.

*From NASA/ERC velocity-command flight control system studies.



x=V_ =YV , (1)

C
7 =V =V 2)
y ¥ V. (£}
z=V_ =V (3)
Z ZC

where x, y and z are the position coordinates of the aircraft

in the inertial coordinate system illustrated in Fig. 2. The

AIRCRAFT C. M.

X .
X
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/
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Fig. 2. Coordinate System and Nomenclature
for Guidance Analysis
origin of the coordinate system is at the runway touchdown point;
the x-axis is in the horizontal plane, parallel to the runway and
positive in the landing direction; the z-axis is positive down

along the local vertical; and the y-axis forms a right-hand



orthogonal system. Vs Vy and v, are the three components of

inertial velocity; Ve Vy and V, are the corresponding velocity
c c c

commands. Eqs. (1) through (3) describe a simple dynamic system
with three state variables (x, y, z) and three control variables
(VX > Voo, V, ), with time being the independent wvariable.
c Ve c
The vehicle model can be reduced further (since time is not
of great importance) by using a monotonic function of the position

coordinates as the independent variable. For most trajectories,

the ground range to go, R, is convenient for this purpose

R = /x2 + vy (&)

Differentiating Egq. (4) with respect to time and using Eqs. (1)

and (2) gives¥

R = (xV, + yVy )/R (5)
c c

Dividing Eqs. (2) and (3) by Eq. (5), we obtain*

dy/dR

Rvyc / (XVXC + yvyc) (6)

dz/dR

ha
p—

RV_ /(xV_, + yV_ ) (7
Ze Xe Ve

where x is determined by
X:—«/R -y‘ (8)

from the definition of the coordinate system.

*Since the right hand sides of Eqs. (5) - (7) become indeter-
minate for R = R = 0, this simplified model is not valid for the
final hover and touchdown.
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Thus, Eqs. (6) through (8) completely describe the approximate
motion of the controlled aircraft. The two state wvariables are

y and z; the three control variables are VX R Vy and Vz ; R is
c c c

the independent variable; and the third position coordinate x is

a dependent parameter given by Eq. (8).

2.2 PERTURBATION EQUATIONS

The simplified equations of motion, Eqs. (6) and (7), are
nonlinear; however, the synthesis technique to be applied later
requires the equations of motion to be linear in both the state
and control variables. This may be accomplished by taking first-

order perturbations of the equations about a nominal trajectory.

Using vector-matrix notation, the perturbation form of

Eqs. (6) and (7) may be written in the standard form
dx/dR = Fx + Gu (9)

where the state vector X and the control vector u are defined

by
[8y
X:: ‘1@
x=1 ] (10)
dV
XC
u =| 8V (11
u . (11)
6VZ
C

and the matrices F and G are given by
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R(yNVX XNVy ) Vy , 0
cN cN cN
F = ) (12)
XN(XNVXC + yNVyC ) VzC , 0
N N N
—XNV 5 XNVX , O
c c
N N
(XNVXC + yNVyc ) -xNVZC s -yNVéC R xNVXC + ygvyc
N N N N N 0

(13)

In the above equations, the perturbation quantities are defined

as
5() = () - () (14)

where the subscript N denotes the nominal value of the indicated

quantity.

2.3 QUADRATIC SYNTHESIS

Having described the approximate motion of the controlled
aircraft in the vicinity of the nominal trajectory, we may now
apply the quadratic synthesis technique (Ref. 3) to find a linear
feedback guidance law. A convenient performance index to choose
for this purpose is one which is a quadratic function of the

control and state variable perturbations:

Re

[§TA§ +.ETBE] dr

N
st
()]

N2

_1,.T 1
J =5 Sf?9R=Rf + 7f

R;



where R; and Rp are, respectively, the initial and final range.
The matrices Sy and A weight the penalties associated with
terminal and enroute state variable errors, and the matrix B

penalizes control deviations during the flight:

6yf y 0
Se = (16)
£ -2
0 R 6zf
5y -2 , 0
A =1 " (17)
Re =Ry | o0, 57 2
V.72, 0 0
%e
m
1 -2 .
B = 0 o5V 0 18)
Rf - Ri 3 yc 2 ( >
m
o , o0 V"2
z
| Cp
The parameters 6yf, Bzf, 6ym, 6zm, 6VXC s 6Vyc and BVZC must

jul m m
be chosen to provide satisfactory enroute and terminal guidance

within acceptable limitations on GVX , 8V_ and 6VZ .
c c c

The minimization of the performance criterion, Eq. (15),
subject to the perturbation equations of motion, Eq. (9), yields

the linear feedback guidance law

5u = -C(R)8x (19)
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where the feedback gain matrix C(R) is defined by

¢ = B~ 1cTs (20)

1

and B~ ~ is the inverse of B [Eq. (18)], GT is the transpose of

G [Eq. (13)] and S is the solution of the matrix Riccati equation

1.T

ds _ Ts + sea~1cTs - A (21)

® -SF - F
with the boundary condition

2.4 IMPLEMENTATION OF THE GUIDANCE CONCEPT

In expanded form the guidance law, Eq. (19), is

\V4 =V - C - - C z -z (23)
we " Ve, T ey v -y =Gy, (-2 (23)
V =1V - C (v - v) - C (z - z\) (245
Ve YCN Vy,y N Vy,z N

V. =V -C - -C -z 25)
Z. zCN Vz,y (y yN) Vz,z (z N) (

Figure 3 is a block diagram showing the configuration of the
velocity~-command guidance system with the simple model of the
controlled aircraft used in the analysis. In the simulation
described in the next section, and in actual implementation,
the contents of the dashed block 'Controlled Aircraft' are
replaced by the flight control system and the actual ("'bare')

helicopter dynamics.
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+
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Fig. 3. Velocity-Command Guidance System With Simple Model of
Controlled Aircraft

In addition to Eqs. (23) through (25), the guidance function
must include the necessary calculations to comply with the
guidance/flight control interface specification. Consequently,
the guidance system outputs must be the components of the
"velocity-to-be-gained'" (i.e., difference between the desired
and actual velocity components) resolved into a 'Vertical Heading"

reference frame, which was selected by the flight control system
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designers for the convenience of a manually operated mode. The
"Vertical Heading' frame has its origin at the aircraft center

of mass and is defined as follows: the x axis is the projection
of the body-fixed x axis onto the local horizontal plane; the =z
axis 1s vertical and directed downward; and the y axis completes
the orthogonal triad. Thus, the transformation from the inertial
frame to the 'Vertical Heading' frame involves a rotation through
the yaw (or heading) angle ¢ about the z axis. As a result, the

guidance system outputs are given by

VXG = (VX - VX) cos U + (VY - Vy) sin (26)
c c
VyG = —(VXC - VX) sin ¢ + (Vyc - Vy) cos (27)
vV, =V, -V, (28)
G c

Figure 4 is a flow diagram for the implementation of the
guidance algorithm, Eqs. (23) through (28). The inputs required
are the three inertial position coordinates (x, y, z), the three

inertial velocity components (VX, v VZ) and the yaw angle y .

y)
The outputs are the three components of velocity-to-be-gained in

the Vertical Heading frame (VX » Vo, 5V, ). Fixed data storage
G

Me
is required for twelve guidance quantities: the independent

variable (R); the five nominal trajectory histories (yNﬁ Zys

Y% , V , V ); and the six feedback gains (C C
X Z \Yj H vV ?

oy ey ey x Yy
CVz,y’ CVX,z’ va,z, CVZ,Z)' From the results of the simulations
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CALCULATE

INPUTS

X, Y, Z, Vy, Vy, Vz,

y

y

Rz, /X % X+Y*xY

I=2

RSP, (1)
?

YES

u"i
= YES
2
o
L
fred <
e
(%]
=
(@]
s
! ) 4
A R—P (I-1) Al A
TR (M -P, (I-1) ! "0
P = P(I=I) + A%Py(I), K2, 12
) ]
) Y
AY = Y—P, STORED GUIDANCE TABLES
Az = z-Pg P, (I) =R,
w
a Vx, = Pg =Py #AY =P o*AZ -Vy Py (I) =Yy (R;)
ff; Vy, = Ps —Pg*AY—P *AZ -Vy Pz (I)=Zy (R;)
S | cy = cos (Y) “ Py (I)=Vxe (R}
w Sy = SIN (y) Psg (1)=vYCN (R;)
g Vxg = VX *CY + Vy *SY Pg (I) =szN (R;)
2 VYG :-—Vxl*Sw+VYI*C\Il P2 (I)=CVX’Y(Ri)
VZG =P6"‘P9*AY—P|2*AZ"VZ Pe (I):CVY,Y(REE
Pg (I):CVZ,Y(RiE
) Pig (I)=¢C {R:)
v 10 VX,Z ]
OUTPUTS Pip (I)=Cy,, z(R;)
Vxgr Vygr Vzg Pl (T)=Cy_, z(R;)
Fig. 4. Computer Flow Diagram for Guidance Scheme
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described in Section IV, it is estimated that approximately 25
sets of data points should be sufficient to represent most

realistic nominal trajectories.

Table 1 provides a summary of the estimated computer require-
ments for the guidaﬁce scheme — including computation time, stor-
age, and resolution and maximum expected values of important
quantities. The data in Table 1 are based on the flow chart of
Fig. 4 and the simulation experience gathered during this inves-
tigation. As indicated in Section IV, possible savings in stor-
age requirements might be realized for certain nominal trajectories
(e.g., one with no turns), although with some loss of flexibility.
However, from Table 1 it is apparent that the storage require-
ments for a single nominal trajectory are very modest, so that a
number of different nominals might be carried along for greater
flexibility or contingency situations. In fact, six nominals
would require only about 2000 words of memory for the entire guid-
ance function. The maximum time required for the guidance
calculations is approximately 2 milliseconds®; hence a sample
rate of 8 to 10 per second would consume 1eés than 57 of the

computer's time.

*Bagsed on operation speeds of IBM 4m/CP-2 computer.
(See Table 1.) '
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SECTION III
DIGITAL SIMULATION

To evaluate the performance of the guidance law formulated

in the previous section, a six-degree-of-freedom digital

computer Simulation of the tandem-rotor YHC-1lA helicopter

was developed by modifying Program LIFT (Ref. 4). The impor-

tant changes made in LIFT are discussed below.*

3.1 VEHICLE MODEL

The most significant modification of LIFT required the
development of a mathematical model which adequately describes
the aerodynamics of the helicopter. Two possibilities were

investigated:

1. An Analytical Model. This approach would utilize an

approximate analytical model which describes the
aerodynamic forces acting on the vehicle as functions
of its position, velocity, pitch and roll attitudes,
and collective stick displacement, where the last three
variables are the control inputs to the model. An
analytical model which was developed for this purpose
is described in Appendix B.

2. A Near-Trim Model. The alternative approach would

utilize the trim and stability derivative data con=-
tained in Reference 5 to calculate the aerodynamic
forces and moments as functions of altitude; velocity;
all three vehicle attitudes (yaw, pitch, roll) and their

*A complete listing of the modified version of LIFT is
contained in Appendix A.



rates; and the four control displacements (differential
collective, gang collective, roll cyclic, yaw cyclic).
The advantages of the analytical model for guidance studies
are (1) it is simpler, in that it does not include the pitching
dynamics of the wvehicle, and (2) it is not a linearized model
which relies on a near-trim assumption for wvalidity. On the
other hand, the near-trim model has the advantage of allowing
a more complete simulation of the vehicle dynamics, both trans-
lational and rotational, and of including the complete flight

control system as well.

The near-trim model was eventually selected for the simula-
tion since it was anticipated that the aircraft would be flown
in the vicinity of trim to maintain reasonably comfortable
flights. Thus, in a.body axis frame, the aerodynamic forces
and moments acting on the vehicle are represented in LIFT in

the following manner:

F, = mg sin 6, t X 0u + X Aw + qu + XéeAée + X6CA6C (29)
Fy = Y0V + Yp + Yor + YéaAéa + Yérmr (30)
F, = -mg cos 6 + Z Au + ZWAW + qu + ZGeAGe + Zécééc (31)
F, =L,v+ Lpp + L.r + LéaAéa + Léréér (32)
Fp = Mybu + MAw + M q + Méezxae + M6CA6C (33)



F = Nov + Nop + Nox+ Ny 86, + N

A8 (34)
a r ©

where
AC) = () - () (35)

and the subscript o denotes the trim value of the indicated

e ? 6C 5 6a s ér and the

quantity. The trim values 90, 8
0 o o o

stability derivatives X X etc., are linearly interpolated

‘W’

from data tables as functions of the horizontal and vertical

velocity components relative to the air, Vg and VV:

2

vy JQVX - w )+ (W, = W) (36)

— - ;
Vy =V, - W, (37)

‘Where‘wx,"wy and w, are the inertial wind components. The
stored data tables for the YHC-1lA helicopter were obtained from

Reference 5 for the operating conditions shown in Table 2.

Table 2. Operating Conditions for YHC-1A
Trim and Stability Derivative Data in
Program LIFT

Gross weight 13,400 1bs

c.m. Position normal

I, 9203 slug-ft>

I 75,914 slug-ft?

I, 71,786 slug-ft>

I, 7114 slug-ft?

Rate of Descent, Vy -1500, 0, 41500 ft/min

Altitude sea level

Forward Velocity, Vg 0, 20, 40, 60, 80, 100,
120, 140 kts
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The tables themselves and other pertinent vehicle data are
contained in Appendix C. Only sea level data were used since
(1) complete data for other altitudes were not available, and
(2) all flight tests will be restricted to low altitudes

(~ 1000 ft) where the data are just slightly different from

sea level wvalues.

Another modification to Program LIFT was the addition of
a variable mass capability to account for fuel consumption.

This requires the integration of another differential equation:

d
-d—‘E‘l = -£(Vy, Vy) (38)

The rate of fuel flow f is interpolated from a stored table of

trim values obtained from Reference 6 (see Appendix C).

3.2 FLIGHT CONTROL SYSTEM

The second major change made in LIFT involved the inclu-
sion of the velocity-command flight control system which has
been developed by NASA/ERC. The longitudinal and lateral-
directional channels of this system are shown in Figs. 5 and 6,
respectively. The addition of eight state variables to the
program was required to implement the flight control system,

as defined below.
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E
I _
dt QE
de
Gy
=V
dt ZG
— T (D
dt E
do K=o o}
c e c
Il _ Il
dt
_d..:p‘_g = d}
dt Cq
1
do K ¢ o}
c rc c
dt
dép B - By
dt TB
where
GE = QC -6 - 'rQq
GC = K,VX(VX +- KIV
X
O = 0o = ¢ = TSP
¢C = Kv \Y

(40)

(41)

(42)

(43)

(44)

(47)

(48)

(49)

(50)



With the above definitions, the flight control system com=-

mands are given by

b, = Ky(op + KIQQEI) (51)
8§ =K_ (V. +KV_ ) (52)
C VZ ZG ZZGI
5, = K¢(¢E + KI¢¢EI) (53)
gKR[¢CI + K¢(¢C -0 + wl) -r] , V< V1 (54a)
6r=€ 1
{KR[¢CI - KBBI -r] , V> V1 (54b)
2

vy is the true airspeed at which the flight control system
switches from a hover mode, Eq. (54a), to a cruise mode,

Eq. (54b). To prevent large transients when switching from
cruise to hover mode, the yaw angle feedback is biased by the

value which existed at mode switch, wl.

The initial conditions for the additional state variables
introduced by the flight control system were chosen to corre-

spond to trim flight at the initial velocity and altitude, i.e.

6o(in’ Vzi)
Vxo (F1) = TR X (55)
I Vx Yy
I
6eo(vxi’ Vzl>
% (t1) = —xx (56)
Iy



c X.? "z.
Voot = e 2 (57)
zGI i KVZKZ !
5. (V. , V_ )
a R Z
o £.) = -9 i i (58)
EI( 1) K¢KI¢
@CI (t;) =0 (59)
1
6ro( X, Vzi)
wc(ti) = KRKw + \b(ti) (60)
CI>CI (t;) = 0 (61)
2
Pr(t;) =0 (62)

3.3 GUIDANCE SYSTEM

The last important modification of LIFT was the implementa-
tion of the guidance scheme developed in Section II. This re-
quires storing eleven pre-calculated quantities as functions of
the independent variable, range to go. The stored histories are
the nominal c¢rossrange and vertical positions, the three nominal
velocity commands and the six feedback gains. At each integra-
tion step, the current range is used to interpolate for the
appropriate value of each of these quantities, and the velocity

commands are generated via Egqs. (23) through (28).



SECTION IV
SYSTEM PERFORMANCE

The performance of the guidance concept developed in
Section II was evaluated by means of the digital simulation
described in Section III. This section discusses the nominal
trajectory which was used in the simulations, the corresponding
feedback gains and the results obtained for a variety of off-

nominal conditions.

4.1 NOMINAL TRAJECTORY

One of the more difficult tasks in applying this type of a
guidance concept is the selection of an appropriate nominal
trajectory about which to linearize the equations. A number
of approaches are possible. One could somewhat arbitrarily
select a set of nominal control histories and exercise the
simulation with these as open-loop guidance commands to obtain
a nominal. Then, by trial and error, the control histories
could be adjusted until a satisfactory nominal trajectory is
obtained. This is generally a very tedious process. A more
sophisticated approach would be to automate this iterative
process by using optimization techniques to calculate a nominal
trajectory which extremalizes a specified performance criterion
(e.g., minimum fuel) and satisfies a given set of terminal con-
ditions (e.g., position and velocity), without violating any

enroute constraints (e.g., noise or air traffic control



restrictions). Unfortunately, the calculation of such an opti-
mum trajectory is a major effort in itself and was not feasible

wts

during the present study.*

A third alternative, the one used here, consists of gener-
ating a simple, analytical nominal which, although it may violate
some physical constraints (e.g., instant accelerations), at
least approximates a reasonable a priori trajectory. This ap-
proach was felt to be adequate for the present study, since the
primary purpose was the preliminary verification by simulation
of a guidance concept, and not the calculation of recommended

experimental or operational flight profiles.

Fig. 7 shows the nominal trajectory used in the study. It
consists of several piece-wise-constant vertical and horizontal
acceleration segments, which are indicated on the figure. The
selected nominal is a planar flight covering a horizontal distance
of 10 km (~5.4 nmi), which has been subdivided into three phases;
takeoff, cruise and approach. The choice of the takeoff phase
of the trajectory was based on conversations held with the
NASA/LaRC test pilots of the YHC-1A helicopter. It begins
with a vertical lift-off to hover at 10 m (~30 ft) above the
runway, followed by a constant horizontal acceleration to
5 m/sec (~10 kts) which is maintained for 20 seconds to provide
the pilot an opportunity to verify system performance. The

forward velocity is then increased to 25 m/sec (~50 kts), at

NS
EA

The calculation of optimum VTOL trajectories has been the
subject of some inhouse NASA/ERC research.
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which point the transition to a steady climb rate of 4 m/sec
(~800 ft/min) is initiated. The steady rate of ascent is held
until an altitude of 210 m (~700 ft), where the leveling off
maneuver begins. The beginning of the cruise phase occurs when
the aircraft has attained level flight at an altitude of 250 m
(~800 ft). This cruise condition is maintained until the air-
craft is 3000 m (~10,000 ft) from touchdown, where the approach

phase begins.

The approach phase of the trajectory, which is the most
crucial in terms of accuracy requirements,was modeled after the
nominal approach used by NASA/ERC personnel for the flight con-
trol system analysis. At 3000 m (~10,000 ft) from touchdown, a
constant vertical acceleration transition is initiated, which
is completed when a flight path angle of -0.1 rad has been
achieved. The constant rate of descent of 2.5 m/sec (~500 ft/min)
is maintained until an altitude of 30 m (~100 ft) is reached, at
which point the flare maneuver is commenced. The flare itself
consists of constant vertical and horizontal accelerations such
that the aircraft levels off at an altitude of 10 m (~30 ft).
The horizontal deceleration is maintained until the velocity has
been reduced to 5 m/sec (~10 kts). This condition is held for
20 seconds to again provide the pilot an opportunity to verify
system performance. The remainder of the trajectory consists of
a final deceleration to hover above the runway followed by a

vertical descent to touchdown.



Fig. 8 shows the nominal takeoff and approach paths on a
speed vs altitude plot. The shaded areas indicate the ''dead
man'' curves which have been assumed for the YHC-1lA. These are
the areas from which a safe recovery could not be affected in the
event of a single engine failure. Since actual data for the
YHC-1A vehicle were unavailable, the "avoid'" areas in Fig. 8
were approximated from corresponding curves for the Vertol

CH-46D vehicle (Reference 7).

200 - .
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. 8. YHC-1A Height for Safe Landing After Single Engine
Failure (Assumed) With Nominal Takeoff and Approach
Paths Indicated
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In addition to the complete planar nominal just described,

a 90° approach phase nominal was also devised to briefly examine

4 -5



the system performance during a turning maneuver.

This 90°

approach nominal, whose ground track is shown in Fig. 9, was

simply obtained from the straight-in approach of Fig. 7 by

"wrapping' it around a 500 m radius vertical cylinder, beginning at

% = -1200 m. Thus, the two approaches are identical for R
T Vyy 25

Vzy =0 — —1400

vaN =0 — —i200
Vy =25

N

Vzy =25 — —1000

— -800

— —-600

— —400

TOUCHDOWN
START FLARE —1—200
ot ' 0
~2000 -1600 —-1200 -800 ~400 0

DOWNRANGE, X (M)

Fig. 9. Nominal 90° Approach Trajectory

4.2 GUIDANCE FEEDBACK GAINS

= 1200 m.

)

(M

CROSSRANGE, Y

Using the nominal trajectories just described, the guidance

feedback gains were calculated for each phase by integrating



Eq. (21) backwards, i.e., away from the touchdown point. The
weighting parameters which were used in these calculations are
given in Table 3. The values of 8y ¢ and 8zf for the takeoff

phase were selected such that the gains at the end of this phase
matched the (constant) cruise gains. Except for the cruise

phase, which is a steady-state flight condition, the weighting
parameters penalize both enroute and terminal deviations from

the nominal trajectory.

At either end of the nominal trajectory, the aircraft
velocity goes to zero. As a result, the rate of change of the

independent variable becomes zero, while the nonzero feedback

Table 3. Weighting Parameters Used to
Calculate Guidance Feedback Gains

TAKEQFF CRUISE APPROACHES
5y, 10.0 m 15.0 m 15.0 m
6zm 10.0m 15.0 m 15.0 m
Y ¢ 27.8 m J 5.0 m
ézf 27.8 m © 5.0 m
6VX 0.5 m/sec 0.5 m/sec 0.5 m/sec
Cm
Y 0.5 m/sec 0.5 m/sec 0.5 m/sec
“m
8V, 0.5 m/sec 0.5 m/sec 0.5 m/sec
c
m




gains become infinite. To avoid these difficulties, the initial
and final ranges used in the calculations were 20 m from the
actual ends of the trajectory (i.e., R, = 9980 m and Re = 20 m),
where in both cases, VX = 5 m/sec. The resulting feedback

N
gains are shown in Fig. 10. For a planar nominal trajectory,

(v =¥y = 0), three of the six gains are always zero: Cy R
YCN X?Y
Cy ¥ and Cy z Furthermore, during level flight v, = Oi
Z v N
Cy 5 also vanishes. It is also interesting that for these
X’
weighting parameters, the remaining two gains, CV )y and CV ,z°
y z°

are nearly identical throughout the entire flight. Consequently,
a significant savings in computer storage might be realized
during a straight flight since only two gain histories are

required.

To simulate the guidance system's performance, the nominal
trajectory histories and the feedback gains had to be stored as
functions of the range to go. The values of these quantities
which were used to obtain the results discussed in the remainder
of this section are presented in Tables 4 and 5. The small
symbols in Fig. 10 indicate the stored gain values for the
planar nominal. To prevent numerical interpolation diffi-
culties at either end of the trajectory, the guidance tables
include entries at R = 0 m and 10,000 m, which assume the gains

to be constant during the first and last 20 m of the flight.
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Table 4,

Stored Guidance Quantities for Planar Nominal

R ZN VXCN VzCN CVy,y CVX,z CVZ,Z
(m) (m) (m/sec) (m/sec) (sec-l)‘ (sec_l)' (secmi}
0 -10 0 0 0.6827 0 0.6827 &~
20 -10 5 0 0.6827 0 0.6827
40 -10 5 0 0.2415 0 0.2415
80  -10 5 0 0.08664 0 0.08664
120 -10 5 0 0.05684 0 0.0568% %
200 -10 11.18 0 0.02498 0 0.02498 | Z
280  -10 15 0 0.02173 0 0.02173 §
440  -16.31  20.62 1.4 0.02097 -0.001428 0.02097
600 -30.0 25 2.5  0.02153 -0.002150 0.02150
1,600 -130.0 25 2.5  0.03235 =-0.003221 0.03221
2,600 =230 25 2.5  0.03326 -0.003310 0.03310
2,800 -243.94 25 1,38  0.03329 -0.001658 0.03316 @A
3,000 -250 25 0 0.03333 0 0.03333 - Z
7,400 -250 25 0 0.03333 0 0.03333 - &
7,900 -210 25 -4 0.04737  0.007540 0.04713
8,900  -50 25 -4 0.04995  0.007893 0.04933
9,400  -10 25 0 0.04999 0 0.04981 |
9,720  -10 15 0 0.06554 0 0.06550 E
9,880 -10 5 0 0.09732 0 0.09731 %
9,920 -10 5 0 0.06687 0 0.06686
9,980  -10 5 0 0.05454 0 0.05454
10,000 -10 0 0 0.05454 0 0.05454_w
-1
(yy = 0 m; VVCN’= 0 m/sec; CVX,Y = CVz,y = Cy 2 = 0 sec )
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4.3 SIMULATION RESULTS

A large number of flights were simulated with various off-
nominal initial conditions and winds. Figs. 11 through 33 are
included to present representative results of these simulations.
Table 6 is a key to these results, indicating the phase of the
trajectory and the off-nominal condition for each of the figures,

In addition to the off-nominal initial conditions mentioned in
Table 6, the effects of initial errors in forward velocity

(10 m/sec), vertical velocity (45 m/sec), mass (£10%), and

moments and product of inertia (+10%) were also investigated.
Besides the lateral wind results included here, constant (10 m/sec)
headwinds and tailwinds, constant-shear (5-z/50 m/sec) headwinds

and tailwinds, constant (£5 m/sec) vertical winds, and constant

(210 m/sec) crosswinds combined with constant (+10 m/sec) headwinds
and tailwinds were also considered. 1In these situations, as well as
the ones illustrated in Figs. 11 through 33, the guidance scheme per-
formed satisfactorily. (Reference 2 contains many other plots for

the vertical response during the approach phase.)

The small symbols shown on the actual histories indicate
successive time intervals of 10 seconds in Fig. 11, and 5 seconds
in Figs. 12 through 33. 1In many of the plots, the (automatically
selected) ordinate scale is greatly magnified, which at first
glance tends to exaggerate the size of a variable's excursions.

Finally, it should be noted that neither the magnitudes nor the
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Table 6. Key to Simulation Results
F%ﬁ?fe Trajectory Phase | Initial Conditions Winds

11 Entire Nominal None

12 0° Approach bz, = +50 m None

13 0° Approach bz = -50 m None

14 0° Approach 8y; = -100 m None

15 0° Approach oY = éwi = 20° None

16 0° Approach Nominal W, = 10 m/sec
17 0° Approach Nominal Wy, = 5-z/50 m/sec
18 Takeoff bz; = +10 m None

19 Takeoff 6z; = =10 m None

20 Takeoff 8y; = -100 m None

21 Takeoff oYy = Sy; = 20° None

22 Takeoff Nominal W, = 10 m/sec
23 Takeoff Nominal W, = 5-z/50 m/sec
24 Cruise 525 = +50 m None

25 Cruise 6z; = =50 m None

26 Cruise 8y = -100 m None

27 Cruise éwi = éwi = 20° None

28 Cruise Nominal W, = 10 m/sec
29 90° Approach Nominal None

30 90° Approach 8z = +50 m None

31 90° Approach 8z = -50 m None

32 90° Approach 0% = +100 m None

33 90° Approach 8% = -100 m None
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rates of change of the guidance commands were limited in the
simulations as they would be in the airborne computer by word
size and sampling rate. Hence, the large initial transients
which are evident in some of the results presented would not

occur during an actual flight of the system.

The vertical and horizontal profiles of the entire straight-
in trajectory with nominal initial conditions and no winds are
shown in Fig. 1lla. Figs. 11b through lle present the corre-
sponding time histories of the commanded and actual inertial
velocity components (VX, VY, VZ); the commanded and actual
vehicle attitudes (THETA, PHI, PSI); the angle of attack (ALPHA),
sideslip angle (BETA) and normal acceleration (AZ); and the
control displacements (DELTA-E, DELTA-C, DELTA-A, DELTA-R).

The upper portion of Fig. lla shows that, even for entirely
nominal conditions, small lateral motions are induced by coupling
between the lateral and longitudinal dynamics and by the change

of trim conditions with vertical and forward velocity.

Figs. 12 and 13 show the effects bf initial altitude errors
of +50 m at the beginning of the approach phase. In each case,
the guidance scheme smoothly funnels the aircraft back toward
the nominal path and into the nominal final conditions. The
effects of a cross range error of -100 m and a heading error of
20° at the beginning of the straight-in approach are presented

in Figs. 14 and 15, respectively. 1In both cases, the guidance
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scheme performs very well. Approaches through lateral winds
are examined in Figs. 16 and 17. Fig. 16 is for a constant
lateral wind of 10 m/sec, while Fig. 17 compares a constant
shear of 0.02 sec” ~ superimposed on a constant wind of 5 m/sec
(i.e.,'wy =5 - 0.02 z m/sec). The lateral response which
begins at x = =600 m (t = 97 sec) is caused by the helicopter's
changing trim conditions and aerodynamics during the flare and

forward deceleration.

Figs. 18 through 23 illustrate the guidance system's per-
formance during the takeoff phase for the same off-nominal con-
ditions just discussed, except the initial altitude errors are
only 10 m (to remain above ground level). 1In all cases, the
system performs satisfactorily. Similar results are presented
for the cruise phase in Figs. 24 through 28, where the guidance
scheme smoothly returns the helicopter to the nominal path

regardless of the off-nominal conditions.

A few simulations were run with the 90° approach nbminai
discussed previously. Fig. 29 presents the flight profiles and
the time histories of various quantities for nominal initial
conditions and no winds (c.f., Fig. 11). The effects of errors
of +50 m in altitude and %100 m in downrange at the beginning
of the approach are shown in Figs. 30 through 33. These results
illustrate that the guidance scheme performs satisfactorily

for a turning approach as well as a straight one. The nominal
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profiles YN and Zy shown in these figures appear to differ since
2 2
they are plotted vs the actual downrange x\a=~—«/R - vy, rather

than the nominal downrange XN = —/'RZ - YN-
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SECTION V
CONCLUSIONS AND RECOMMENDATTIONS

- 5.1 SUMMARY AND CONCLUSIONS

A simple perturbation feedback scheme has been developed

for automatic guidance of a VIOL aircraft with a velocity-

command flight control system. The performance of the guidance

scheme was evaluated for a variety of off-nominal conditions by

means of a digital computer simulation of the NASA/LaRC YHC-1A

tandem-rotor helicopter. The important results and conclusions

of the study are summarized in the following paragraphs:

1.

By assuming the response of the velocity-command flight
control system to be rapid in comparison to the charac-
teristic time of the guidance function, and by using
range to go rather than time as the independent variable,
a very simple model of the controlled aircraft was ob-
tained. The two state variables of this model are the
aircraft's altitude and its lateral displacement from
the runway centerline; the three control variables are
the inertial components of commanded velocity.

The simplified equations were linearized by taking first-
order perturbations about a nominal trajectory. By
minimizing a performance index which was a quadratic
function of the state and control variable perturbations,
a linear feedback guidance law was obtained. The six
feedback gains, which are functions of the range from
touchdown, must be determined by integrating a matrix-
Riccati equation backwards along the nominal trajectory.



The guidance scheme could be easily implemented in the
flight computer. The feedback gains would be pre-
calculated for a selected nominal trajectory and stored
as functions of range to go, along with the nominal
state and control variable histories. During flight,
the state variables would be estimated from measure-
ments and their deviations from nominal would be used
to compute corrections to the nominal control histories.
The computational and storage requirements are very
modest. It is estimated that the program and guidance
tables for one nominal trajectory would require only
500 words of memory, hence tables for several nominal
approaches could be carried along for greater flexi-
bility and for contingency situations. Furthermore,
the calculation time for the guidance scheme would be
on the order of 2 milliseconds (based on IBM &4w/CP-2
operation times), so that the guidance commands could
be computed several times a second without using more
than a small percentage («5%) of the computer's time.

A simple, analytical nominal trajectory was generated
by piecing together flight segments during which the
forward and vertical accelerations were constant. The
feedback gains calculated for this nominal were used

to evaluate the guidance scheme's performance. Since
this nominal contained no lateral turns, three of the
six gains were always zero, and a fourth one vanished
during level flight. To briefly examine the guidance
concept during a turning maneuver, a 90° approach was
simply generated by "wrapping' a section of the straight-
in approach about an assumed vertical cylinder. For
this nominal, all six feedback gains were nonzero prior

to and during the turn. Since the feedback gains



become infinite when the aircraft velocity is zero
(hover) the gain calculations were commenced and
terminated, respectively, immediately before the final
deceleration to hover and immediately following the
initial forward acceleration from hover.

The performance of the guidance scheme was evaluated
by means of a digital simulation, which included the
six-degree-of-freedom dynamics of the NASA/LaRC YHC-1A
tandem-rotor helicopter and the NASA/ERC velocity-
command flight control system designed for that air-
craft. Each of the three phases of flight — takeoff,
cruise and hover — were simulated with a variety of
off-nominal conditions. The initial condition errors
included: 450 m in altitude (+10 m for takeoff phase);
-100 m in crossrange; 20° in heading; +10 m/sec in
forward velocity; +5 m/sec in vertical velocity; +10%
in mass; and +107% in each moment of inertia and the
cross-product of inertia. A number of winds were
considered: constant headwinds, tailwinds and cross-
winds of 10 m/sec; constant vertical winds of +5 m/sec;
a constant crosswind of 10 m/sec plus a constant head-
wind or tailwind of 10 m/sec; and constant-shear head-
winds, tailwinds, or crosswinds of (5-z/50) m/sec. The
conclusion from all these simulations is that the pro-
posed guidance scheme can successfully handle very large
initial condition errors while it is relatively insen-
sitive to winds or uncertainties in the aircraft
characteristics.

The mathematical model of the aircraft is a very impor-
tant element in the development and analysis of the
guidance system, and much effort was devoted to the
definition of a satisfactory one in this study. In



fact, three separate models were utilized — one to
develop the guidance concept, another to generate the
nominal trajectory and a third to simulate the system
performance. A fourth model which was developed
(Appendix B), analytically describes the center of
mass motions of the helicopter as functions of the pitch
and roll attitudes and the collective stick displace-
ment. The favorable comparison of this model with a
""near trim'" model at several trim flight conditions
indicates that it might be very useful for guidance
analyses and performance prediction for helicopters.

5.2 RECOMMENDATIONS FOR FURTHER RESEARCH

During the course of this investigation, a number of problem
areas have been identified which warrant additional research.
Further study of the following items should be conducted to
better establish the capabilities and requirements of the pro-

posed VIOL automatic guidance scheme.

1. A detailed examination should be made of several aspects
of the proposed guidance scheme which could not be
thoroughly investigated in the present study. Among
these should be a more complete analysis of turning
flights and the inclusion of limits on the magnitudes
and rates of the guidance commands. The latter effort
would eliminate the unrealistic large transients which
were exhibited in some of the simulation results ob-
tained in this study. Another important area which
warrants additional work is the guidance at either end
of the flight — liftoff and, particularly, landing.
During vertical and hovering flight, the time delays
of the velocity-command flight control system become



important and must be considered by the guidance system.
Furthermore, the ground range to go is not satisfactory
as the independent variable during these modes since both
downrange and crossrange position of the aircraft should
be controlled directly. A suggested approach would be
the use of altitude as the independent variable during
vertical flight, switching to a steady-state position
regulator for hover. These modifications should not

have a large impact on the computer requirements of

the guidance system.

In the simulations conducted during the present study,
the guidance calculations were performed with exact
position and velocity information (i.e., from an ideal
navigation system), and only deterministic disturbances
were examined. A useful extension of the simulation
program would include realistic navigation system

error equations and random disturbances, such as sensor

noise and winds.

The guidance system should be evaluated by means of a
hybrid simulation in which the vehicle dynamics are
simulated with an analog computer and the guidance,
navigation and flight control systems are implemented
digitally. Such simulations would facilitate the
analysis of sampling rate, quantization and truncation
effects. Eventually, as much flight hardware as feasible
should be included in the hybrid simulation, including

the airborne computer.

To enable the pilot to monitor the performance of the
automatic system and to provide him with guidance com-
mands during a manual control mode, an appropriate
navigation/guidance display should be developed. The
displayed information should include the present posi-
tion of the aircraft, the target, the nominal trajectory



and the guidance (velocity-to-be-gained) commands.
This display should be evaluated in real-time with
the hybrid simulation discussed previously.

The analytical model of the center of mass motions of
a helicopter which is described in Appendix B deserves
further investigation. It appears to be a reasonably
simple yet adequate model for guidance analyses and
performance prediction, and is not restricted to 'mear-

trim"

flight conditions. A detailed evaluation of this
model should be performed by programming it as a sub-
routine for program LIFT, conducting simulations with
it and comparing the results with those obtained during
the present study. Part of the flight control system
could be eliminated in these simulations, since the
inputs to this model would be the commanded pitch and
roll attitudes and the collective stick displacement,

rather than all four control displacements.

As discussed in Section IV, the selection of a nominal
trajectory for the guidance scheme is a difficult task,
and was somewhat arbitrarily done for the present study.
By applying optimal control theory, a realistic

nominal trajectory could be obtained which optimizes

an appropriate performance index (e.g., minimum fuel),
subject to various enroute and terminal constraints
(e.g., air traffic control restrictions, and final
position and velocity). The point mass model described
in Appendix B might be used to describe the aircraft in
this type of investigation. The guidance feedback gains
should be calculated for the resulting trajectory, and
the performance of the guidance scheme evaluated as in
the present study.



Finally, in order to demonstrate the versatility of

the guidance scheme, it should be applied to aircraft
other than the YHC-1A tandem-rotor helicopter. Reliable
data should be obtained for other V/STOL aircraft and
studies similar to those conducted under the present
contract should be performed for those vehicles. Among
others, suitable candidates are the tail rotor and
synchropter helicopter types, the tilt-wing XC-142 or
CL-84, the ducted-fan X-22, the vectored-thrust P.1127,
the fan-in-wing XV-5A, the Breguet 941 deflected slip-
stream STOL airplane or the Doernier DO-31 jet V/STOL
transport.



Appendix A
LISTING OF THE SIMULATION PROGRAM

This appendix contains a complete listing of the digital
computer program which was used to generate all of the simulation
results presented in this report. As discussed in Section III,
the program is a modified version of Program LIFT (Lifting Flight
Trajectory), which is completely described in Reference 4. The
program was written in FORTRAN IV and run on the IBM 7094 computer
at the NASA Electronics Research Center. A typical planar approach

run required approximately four minutes of computer time.
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02713770 80/80 LIST PAGE NO. 000001
$SIBFTC MBLOC LIST.DECK GLTNO01n
 BLOCK DATA ﬁLTMIO*“
COMMON /BEND/NEND  GLTn003n
COMMON /BINTG/NaL s INTEGoNRKGaFREQsNSTOP s NCHANSDEL sDFLT o KOUNT GLTOO040
COMMON /BPLOT/NTAPE s NPEND S NPLOT GLTAODSN
COMMON/BTAP/NINNOUT GLTNONAN
COMMON/RTITLE/TITLE (127 o NRUNSNTYPF o NPRINT oNTARL o NPAGE GLTNONTO
DATA NTAPE JNPEND oNPLOT/84=1000-0/ cLT0008N
DATA NINSNOUTaNEND /566,17 GLTA
DATA L+ INTEGeNRKGsFREQsNSTOP s NCHANSDEL sKOUNT/ 10265 ¢5a0s0a0eNal e/ GLTH
END GLTO
$IBFTC LIFT LIST«DECK GLT
C 3636 36 3038 3 33536 3690 30 M I 3L A 30 34 3 I M LR %%%%%%%%%*%%%%%%%%*%%%%%g%%%%%%%%%k&%f

C  ENTRY PROGRAM gy

C  MAIN PROGRAM *¥% LIFT*%*% LIFTING FLIGHT TRAJECTORY

C PROGRAM CALLS SUBROUTINE VIDE (6D SECTION)

C INITIAL DATA SET IN BLOCK DATA PROGRAM

C  PLACED IN MAIN LINK

C%%*%%%xy*yx¥x%xyWMX%vWwvwv’%%w%x%my%% ©36 35 38 5 36 35 3630 3636 3 3 I 336 3630 6 I A0 36 3 363
COMMON/BBNTG/NoL s INTEGTNRKGsFREQaNSTOP s NCHANSDEL o DFEL T o KOUINT 31
COMMON /BPLOT/NTAPE s NPEND.NPLOT G
COMMON/BTAP/NINsNOUT e
COMMON/BTITLE/TITLE(12)sNRUNsNTYPEZNPRINToNTABL s NPAGE G

C NAMELIST €
NAMELTST/NAMF /NPRINToNTYPFE L INTFGNTARL GL
NRUN=1 IR
READ (NIN NAME) oL
READ (NINs1) TITLE oL

1 FORMAT (12A6) Gl >

CALLL VIDE GLTAORON
CALL PLOTER (NTAPE) , GLTAOR1N
STOP GLTAOS
END GL

$ORIGIN PLACE LT

$IRFTC BRLOC LISTSDECK
BLOCK DATA

3 36 3636 96 36 36 26 36 36 36 36 36 336 96 36 3 36 38 3 3 3 A 3 I WA %¥%%%%%%%%%%%%*%%%%%%%%%%%%%%w%%%%%%%%%%%%“h

C INITIAL DATA FOR MAIN PROGRAM XL IFT#* GL

C  PLACED IN MAIN LINK L

C%%%%% 363 3 6 36 3 Y %%y% P 6 30 36 6 36 3R 35 3 36 3L 3E I 3636 3 AL 3 A 36 3 34 3 3 3030 26 I 3L 36 IE 3 L 3 I I I 26 3 A 3 S0y N
COMMON /BADAM/ T s VA LUE(Z”) FRN(20) s DFRN3Z

(20) osDERNZI20D)«DFRNI (2N s  ©

*ﬁa”ﬁ

™0 iy

1 TPRIN

GL
~ COMMON/BCHAN/STOPsSDEL s STsSVAL(20) 3SDER(20) s STOPLsSWITCH,SC 18024 L
1 S1sS82sCHANL,MSTOPDSTOP 4DCHAN '

COMMON /BCONST /GG 4 RADE ,DH 4 QRHOS

COMMON /BLABEL/SOLNOL 7,2) s SMOTE(84+2)
COMMON/BLIMIT/UPBND(20) s DNRND(Z0) s LIMsNSPT2ZBAR(20) s DERNN{20)

COMMON /BPHASE /NCON sMCON (20 s MPHASE s NPHASE s PHASE (200 sEXTRA (20 »
1 ADD(20) HNEXT

COMMON/BWIND/ALT(220) o WX{220) WY (220) s WZ(220) o NWINoWXX s WYY s W77
DATA ALToWXoWY s W7o NWIN/Q40s100000a0878%0a042/

DATA VALUF sDERNsDERNZsDFRND o DERN1sTeTPRIN/102%0,0/
DATA UPBND«DNBND s ZBARDFRNN e NGPT/80%N 043/

DATA STOPsSPEL+ST»SVAL »SNER » Sl ITCH;ﬁCls?CZ;SlgSZ;STODL/ARﬁh;?ﬁﬁﬁﬁfu”'
1 +MSTOP/2/ '

DATA ((SMOTE(JsTYsd=1sB) sI=1s2)/16%6H /
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onona2

DATA  SOLNO(1s1)sSOLNO(1s2) s (SMOTF(10T)sl=1+2)/ GLTAOBTO
1 38HNUMERICAL SOLUTION 1S RUNGE KUTTA GTLL. GLTAD580
? 3THNUMERICAL SOLUTION 1S ADAMS—RASHFORTH.S  GLTN0R9N
3 34H6-D RIGID RBODY EQUATIONS OF MOTTONS GLTNO60D
447THLONGITUDINAL EQUATIONS OF MOTION FOR RIGID BODY/ GLTADALN
DATA NCONsNPHASE sMPHASF sMCONsPHASE s EXTRA §ADD /4% 1 s 19%0 4 40%0 .0 GLTND&ZN
1 %o 850e5+002s0els~00022813~10666755100, GLIN0630
{

? N0el1312235005+38e1 90035510050 e392Me015705416000e3428619MeBs18,0/
DATA G sRADE o« DH s QRHOS/S V066,6.?78?QF+0691PO.A,O 13961F-3/
END %
$IBFTC B6BLOC LIST.DECK T
C 33363 9% 336363 3¢ e@%w%v’*%%%%%%A*¥k%xx%x%*wA% N IE K I I I W RN R R R R CLTOOAGD
C INITIAL ROUTINE FOR & DEGREES OF FRFEDOM PROGRAM VIDF )

C  SUBROUTINE FOR USE WITH VIDE 6 DFGREES OF FREEDOM —KAMAN AVIDYNE

C PLACED IN VIDE (6-D) LINK

C 3636 33696 30 9 330363 3636 9636 9030 30 36 3036 330 30 33090 30 I 3836 030630 33008 303 3 36 30 334 636 I3 36 34 3 I 3635 3 HDE K 38 36 309

E S

COMMON /BDEVE /A (3 +2) s ALPHA s AMACH s AMASS s B aBETASCaCL s CMaCN GLT
1 CXsCYsCZsDDAsDDF 3 DDFaDDRsDNASFL s FMoFNsFXaFY s FZsGAMRSPZPHI sPST o G

2 QsRsRLAMBARHO ¢S +sSOFSsTHETASURSVA(23) VRS VTASVTRsWR XI»X‘»V7 AL

3 YT aYReZTI«ZRsWDOT LKTR CT O y
COMMON/BTTER/DD(20) sSDDF T . ,

COMMON /BTABL/NDDsNVCsDA(30)DE(30) «DF (3 DR LTDD(30 )

1 XVC(30)aYVC{30) e ZVC (3 )9VXC(30 9VYC(30 s VZC (30 GL

2 CVX(30)9CVY(3O)»CV?’30)9CVXL(30[:CVYL(30 SCVZL (30 G

DATA XRsYRoZR s XTI oY1 37T oXZT sBsCoPST o THETASPHT s GAVR s E

1 RLAMBaVTR»PaQ;R;KTR» IDOT s S5 AMASS /

N

3506091264 T4e0s102898e0937238405+96830057e367404572+9%0, 0,
15000s341005607840/

W

DATA NDDoNVCeDASDE sDFoDR s TDDsVXC o WY C s VZC s XVC s YV s ZVCaCVYX o CVY o7 7 /
1 2024121 %¥060629%10000 0690 %#0a0s=1000N0eNa29%100000aMN s 1BOXD /0

2 CVXLsCVYLaCVZL/90%0,0/
END

SIBFTC VIDEP LISTDECK
SUBROUTINE VIDE

IS 2 3039636 S0 06 H 3636 396 6 236 36 3036 30 36 3 I 399636 3036 33 3638 6030 3363 b

”VAMAA AVIDYNE SIX DEGREES OF FREFEDOM STUDY

ISR
| §<

SUBROUTINE 1S THE MAIN CONTROLLING ROUTINE FOR THIS SUBSECTION (6~D)
CONTROLS INPUT.LOOPING AND OUTPUT

CALLS PINIT,SOSDE

TNITIAL VALUES FOR SECTION SET IN BLOCK DATA ROUTINE

TANGEN
nn9on

PLACED IN VIDF (6-D) TNK 6L
 SUBROUTINE CALLED FROM LIFT W Gl
VARTABLES ARF TN THF OPDFR HoeWValWePaQoRosPST s THFTA«PHT s XR o VDQZR%rfA\;

;“1{"\1{'\

_ WHFRE VALUE(T)sI=1 2 3 4 5 6 7 8 e 10 11 12 12 GL
IF NPRINT 15 NEGATIVE., *VIDF¥ WRITFS TRAJECTORY DATA ON NTAPRF 1

1
T
ToInon
T
T

AND AT COMPLETION OF ALL RUNS, CALLS *#PLOTER%* WHICH PLOTS T

ON CALCOMP 763,
T3 3 396 3 3 3330 936 30336 H 30309696 3630363 3 330 NN K8 é 3 I I 3 390

‘n(ﬂr\myﬂr\m(wrwmfwm

COMMON /BADAM/ T 3 VALUE (20) sDFRN(20) s DERN3(20) sDFRNZ(20) s DERNT (200}
1 TPRIN

COMMON /BAUTOP / THETFE s THETC s VCOM (2 ) s VXVH s VYVH s VXET o V7 CT o THETF T o
] YNOM s ZNOM s VXNOM o VYNOM s VZ NOM o GVX 2 GVY 0 GVZ o GUXL s GV YL o« GV 7 [

2 XXePHIET o PHTIC o PHICT sPSTCPESTRABETAT & VXCOMsVYCOMsMODFE s PHIE
 COMMON/BCHAN/STOP s SDEL $ ST o SVAL (20) »SDER(20) s STOPL s SWITCH o ST 14002

1 5182 CHANL yMSTOP 4DSTOP s DCHAN
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COMMON /BCONST /GG o RADE s DH 4 QRHOS

-~ COMMON /BDEVE/A(3+3) s ALPHA s AMACH s AMASS o B o BETASCsCLsCMoCN o
1 CXsCY sCZoDDASDDEsDDF sDDR oDNAaFL o FMaFNsFXaFYsFZ s GAMR AP s PHT s D ST

2 QaRsRLAMBIRHO$S e SOFSoaTHETASIRSVA(3) s VRsVTASVTRsWR o XT o XR o X7 1 &
3 Y1sYRZIsZR«WDCT LKTR

COMMON /BENMD /NEND
COMMON/BINTG/NsL s INTEGoNRKGsFREQsNSTOP s NCHAN,DEL ,DFL 14 KOUNT

COMMON/BITER/DD(20) sSDDF
COMMON /BRLIMTIT/UPBND(20) o DNBND(20) s LTMsNGPT 4 ZRAR(20) «DERNNI{20

COMMON /BPHASE /NCON s MCON( 20) s MPHASE ¢ NPHAGE s PHASE (203 o FXTRA (201 4
1 ADD(20) 4NEXT

COMMON /BPLOT/NTAPE s NPEND s NPLOT
COMMON/BPRIN6 /KEEP o SKEEP(50,542)

COMMON/BSTAR/LOCP

COMMON/BTARL/NDD,NVC;DA(30)aDE(BO)sDF(BO)sDR(BO)9TDD(30)e

1 XVC(30) s YVC30) s ZVCI30) o VXCI30) s VYC(30) s VZCEI0) »
2 CYX(30)sCVY(30)sCVZ130) 4CVXLIB0)YaCVYL(30)sCVZL 2N

COMMON /BTAP/NIN»NOUT
COMMON /RTITLE/TITLE (12) sNRUNSNTYPE JNPRINT sNTABL s NDAGF

COMMON/BWIND/ALT(220) s WX {220) oWY (220) eWZ (220) s NWINoWXX o WYY o7 7
C NAMELIST

NAMELTIST /NAME/ DEL FREQDsNRKGoNWIN s ALT o WX aWY o WZ s XRaYR o 7R ¢ AMAGS ¢ T

1 VTIReGAMRSRILAMB B sCaXT YT a7l oX7ZT ePaQaRsPSTTHFTASPHI s

KTRsMSTOP

2 MCONsNCONsPHASE sEXTRA sADD »STOP s NRUNSNSPT s KTR
3 NDD s NVC sDA s DE s DF sDRs TDD s VX C o VY C s VZC s XVC 5 YUC 5 2VC &

2
4  CVYXsCVYaCVZsCVXL sCVYL sCV7ZL
NRUN=1

N=19

I[F (NPRINTGT0) GO TO 30

NPLOT=1
NPRINT=IABS(NPRINT)

REWIND NTAPE

30 READ (NINsNAMG)

IF (KTR«GTL1000)
SWITCH=ADD(20)

GO TO 500

Tol4Tn

NPAGE=1
C INITIAL CONDITIONS FROM INPUT

TOL480

SAMASS=AMASS
SXR=XR

LTO1500

{
LT01490
{
LTHi510

-

SYR=YR
SZR=7R

e

bARAN

e

nls

0153

0

=

HVTR=VTR
_HGAMR=GAMR

01540

HRLAMB=RLAMB
HDEL=DEL

o f ot —f

HP=P
HO=Q

HR=R
HPSI=PSI

HTHETA=THETA
HPHI=PHI

SDEL=DEL
LINTG=INTEG

LOOP=1

C LATERAL CONTROL SYSTEM MODE-=HOVER=0, CRUISF=1

MODE=1
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IF (VTReLT«ADD(20)) MODE=0 GLT01690
DO 100 NIX=14,20 GLTNI700
100 VALUE(NIX)=0.0 GLTN1710
VALUE(10) = XR i
VALUE(11) = YR
VALUE(12) = ZR
VALUE(13)=AMA%§
VALUE(4) = P
VALUE(5) = &
VALUE(6) = R
VALUE(7) = DSI#0,0174533
VALUE(8) = THETA%0.0174532
VALUE(9) = PHI®*0,0174533
GAMR = GAMR*D.N174533

RLAMB = RLAMR¥0.0174532

CGAM = COS(GAMR)
UR = VTR*¥CGAM*COS(RLAMB)

VR = VTR#¥CGAM*SIN(RLAMB)
WR==VTR*STN(GAMR)

T=Ne0

TPRIN=

MPHASE=1
NPHASE=MCON{ 1)}

NEND=1
DEL1=DEL

L=1
KEEP=0

NSTOP=0
CALL PINIT

IF (NPRINT«NE«3)  WRITE (NOUTs35)
35 FORMAT (/1H )

C CALCULATE TNTEGRAL
40 CALL SOSDE

LOOP=?
C STORAGE FOR TARLE PRINTOUT

KEEP=KEEP+1
SKEEP(KEFP,1)=T

SKEEP(KEEP,2) =XR
SKEEP(KEEP,3) YR

SKEFP(KEEP4)
SKEED(KEEP95)~VALJF( 29577

71%57,
SKEEP(KEEP6)=VALUE(8)%57,29577
SKEED(KEEps7)=VALUE(Q) 5729577

SKEEP(KEFP,8)=VTA
SKFFEP(KFFP,9)=VTR

SKEEP(KEFP¢10)=GAMR%*57429577
SKEEDP(KEEP411)=RLAMR®57,29577

SKEEP(KEEP,12)=ALPHARST7,20877
UCKEED(KEEP9]3) RETA%57429577

SKEFP(KEEPs14)=VALUE (13)
SKEEP(KEEP,15)=UR

SKEEP(KEEP.16)=VR
SKEEP(KEEP,17) =WR

SKEEP(KEEP1R)Y=VA(1)
SKEEPIKEEP.19)=VA(2)

SKEFP(KFEEPs20)=VA(3)
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SKEEP Khrp, 1) =VXVH

QKEEP FD,23) VALUFE (4)%57429577

{
SKEEP(KEEP,22) =VYVH

(K

P

SKEE KEFP,Qa =VALUE(5)%57429577
SKEEP(KFEP., >%>—v LUE(6)%57.29577

SKEEP(KEEP26)=wDOT
SKFF°(<CFP-/7)—DFRN(3)/GG

SKEEP(KEEP+28)=DNA
SKEEP{KEEP,29)=YNOM

SKEEP(KEFEPs30)=ZNOM
SKEEP(KEEP 4311 =VXNOM

SKEEP KFﬁD 32)=VYNOM

-

¥
SEEAN BN
33 H
-4
=

{
‘WSKrFD(K 7?)-V7N3N
QKtFP((gFD 24 =THETC*#57,295
th:P(KtED %5 mTC%57 295/7

S&gED /TEP937)—VV\ON

SKEEP{KEEP.38)=VCOM(3)
SKEEP(KEEP+39)=DDA

 SKEFDP(KFEFP,40)=DDF
SKEFP(KEFPW41)=DDF

SKEEP(KEEP,42)=DDR
I (NPRINToGT o4 ) GO TO 9n

(@]

—

TMF HTQTORY PRINT OUT  ®*®NPRINT LT 5 ¥
WRITE (NOUT-3) TITLESNPAGE 4NRUN

3 FORMAT (1H1s12A6+15Xs4HPAGE 14,14H oF BUN NUVBER T3
NPAGF=NPAGE+]

CWRITE (NOUTs200) TeDELsLe(VALUE(T) 9 T=1s1
1

2) 1z
200 FORMAT (1H +//5X+3HT =F10.32+5X10HDEL TIME = F15-695X93HI

1 22Xe3HI = Fl6eBs22X3HY = Fl6eB8s272X% s 2HY Flbe8/

2 22Xa3HP = F16,8422X3H0 = F1l6e8422X+3HR = £168/

3 20X e5HPST = E16eB418XTHTHFTA = F16.8.20X5HPHT = E16.8/

4 21Xe4HXR = E1As8s21X4HYR = F16a8s21X4HZR = F1668//

5 21Xe4HDU = FlAaBe2 1XAHDY = FlAeB8s21X4HDW = E£E1648/

6 2IXs4HDP = F1H.8s21X4HDQ = F16e8421Xs4HDR = F1l668/

7 10X 6HDPC] = FlbeBal7XAHDTHETA = F16.8s qxeaanz = El6e8/
8 20Xs5HDXR = F16.8,20X5HDYR = E1668,.2 AXSHDZR = E1648)

WRITE (NOUT20%) (VALUELT)»I=13+20), (DEQN(I)aI 12209
207 FORMAT (/19%+6HMASS = El6e8.14X11IHVALUE(LL) E1668s14%,

i

1 1T1HVA LU”(1;> = E16e8/14Xe LIHVALUE(1IR) = El16e8914X,
2 TIHVALUF(17) = El6e8+14Xs1IHVALUE(18) = E16.8/14X, L
3 llﬂvDLUF(lg) = Fl6e8s14Xs 1 1HVALUE(20) = F1648//19X0 GL
4 6H IDOT = F16e8515Y s 10HDERN(14) = F16e8515Xs GLTAZETO
5 IOHDERN(15) = F16.8/15Xs10HDERN({16) = Flée8s15Xs GLTNZ2680
6 1QHDEPN 17) = F16a8s15X+10HDFRN(18) = F1648/15X, oL 50
7 TOHDERN(19) = F16a8s15Xs10HDERN(20) = Flé. 8) GLTN2700
WRITE (NOUT201)SOFSaRHOWDNASAMACH VT A AyDDASDDE, JDNF,  GLTNZTIN
1 ALPHASRETAsVTRs GAMR s RLAMR GLTNZT20
201 FORMAT (/ 9Xs16HSPEED OF SOUND = F1648+20X5HRHO = F1648,15%, GLTN27320
1 10HPRESSURF = El6e8// GLTN2740
2 19X 6HMACH = F16e8+6Xs19HRELATIVE VELOCITY = - GLTN2750
3 E1Ae8/21X4HUA = E1668s21Xs4HVA = E16e8+21Xs4HWA = E1668// GLTNZ2760
4 16Xe 9HDELTA A = Fl6e8s16Xs9HDELTA E = E16e8s16X9HDELTA R = F16,8GL 77
E /16X eOHDELTA C = Fl6eB8s18Xs THALPHA = F1648s19X6HRETA = E16.8// GL
6 BX s 17HRUNWAY VELOCTITY = F16e8s16X9HCAMMA R = E16,8+15X, GLT
7 10HLAMBDA R = F16.8) GL
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U WRITE (NOUT, 707\ SKEEP (KEEP»27) s VXVHaVYVHFX s FYaFZ o FLaFMaFN, (

1 (A (l.J}qJ 23) 21=153)
202 FORMAT (/40X55HAGV = E1648s19Xs6HVXVH = E1648,19Xs6HVYVH = F16.70/

1 Z1Xs4HFX = F]6 Be21Xs4HFY = E1648s21Xs4HFZ = ELl6aR/

2 21IXsLHFL = F16e8s21Xe4HFM = FlEe8s21Xs4HFN = El6e.8//

3 10X»27HTHE AXMD TRANSPOSE MATRIX =  /(40X+3E1648/))
IF (NPHASELEQ.1) GO TO 20

WRITE (NOUT210) XXsYNOMaZNOMoVXNOMGYYNOMsYZNOMsGYX s GVY o GV o
1 GUXLsGVYL s GYZL s VXCOM o VYCOMa YV COM(3) s VCOM(1) s VCOM( 21 o

2 THETC.PHIC
210 FORMAT (/OHOGUIDANCE ¢ 14X o THRANGE = F16e8s10XAHYNOM = F1He8e 10K,

1 GEHZNOM = F16484 /4% 2HAND s 16X THVXNOM = E16e89% s THYYROM =
2 F16oBs9Xa7HVZNOM = FlAe8/2Xa THCONTROL » 16X 25HCVY =F16, 84
3 TIXeBHCVY = FlAeB3s11Xs5HCV? = El6e8/2X s 4HDATASLTX e 6HCV XL =
4 F16e8+10Xs6HCVYL = F1648510Xs6HCVZL = F1l648,/25Xs 5HVX( =
5 F16e8s11Xs5HVYC = E16e8s11Xs5HVZC = E16e8/23Xs THYXVHC =
& F16e8s9Xs THYYVHC = Fl6e8/223Xs THTHETC = El6eB,10Xs6HPHIC =
7 E16.8)
00 CONTINUE
IF (NENDeGE.2) GO TO 1000
IF (KEEPLEQe50) GO TO 1000
IF (LelLTe2) GO TO 40
1000 IF (NPRINTeLTe3) GO TO 611
PRINTOUT TABLES
NTAQ:]‘
WRITE (NOUTe6001) (TITLE(I)sI=1s12) NPAGENRUNSNTAR

001 FORMAT (1H1,12A6,15X. ZHPAGF 14914H OF RUN NUMBER 15/

1 71CXsSHTARLE 15)
NPAGE=NPAGE+]

WRITE (NOUT.600)
600 FORMAT (/3Xs4HTIME 37X 2HXRsE8X s 2HYR 38X 0 2HZR s OX s 3HP ST 95X a SHTHETA 4 B X

1 AHPHT 45X e 3HVTAs5X 0 2HVR s 6X s SHGAMMA o 4 X o GHLAMBDA o 46X o SHAL PHA » 4 X &

2 GHBETA s 6X s GHMASS /33X 5H{SEC) 56X s ZHIM) o TX s 3HIM) s TX o 3H (M) 26X s ¢

3 CH(DCG),EXer(“Ff) BEX e BHIDEG) s 2% 8 15H (M/SFECY (M/SEC) o3XsBH(DEG) o0

4 BEXs BH(DEG) s X o SHIDEG) o 4X s SHIDEG) 05X 4H(KG) / /) G

DO 601 1= ngﬁro g
601 WRITFINOUT602) (SKFFP(T4J)sJ=1014) QL
602 FORMAT (1XoF7e23F116292F10e2sF10e3s2F00352F8e2sF0e3sF1Ne3s2F0,%s L1
1 F10e2) GLT
IF (NTARL.EQW3) GO TO 610 GLT

NTAB=2 GLTNA

WRITE (NOUT60N01) (TITLE(I)sI=1412) NPAGENRUNNTAR
NPACF NDAC:+1

WRITE (NOUT-603)

603 FHDMAT (/3XstHTIME s 6Xa 2HIUR 96X s 2HVR s 6X 9 2HWR o TX s 2ZHITA 46X 0 2HVA 06X o
1 2HWA s 6X s LHVXVH » X s 4HVYVH > TX s THP » 8X o THG 08X s THR 5 BX » 4HMDOT o 6% 4
2 2HAZ s X e ZHOA /3N o BHISEC) 42X o ZIA{THIM/SEC) o IX) o 1X) 0 2(TH(M/SFC )
3 IX) e B(OH(DEG/SEC) ) o 2X s BHIKG/SEC) 33X o SHIGYS) 22X o 6HIN/M2) / /3

DO 604 181,KEEP )
604 WRITE (NOUT.60%) SKFEP(Ta1) s (SKFEEP(TaJ)sd=15,28)
605 FORMAT (1XsF7e292(F9a2s2FB802)2F0upsFRa2sF10a3s2F0e3sF1lNessFo.n,

1 FRel)

610 IF (NTARBL.EQe2) GO TO 611
NTAR=3
WRITE (NOUT6001) (TITLE(I)sI=1,12)sNPAGE sNRUNsNTAR

NPAGE=NPAGE+]
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WRITE (NOUT-606) &
606 FQRMAT‘(/BX,4HTINF 5X AHYVOM-6YnAH7NOMs%Xg5HVXNON 2X o SHVYNOM % X o
SHVZNOM s 3X s THTHETA=C s 3X s SHPHTI=C o 4 X s BHVXC s 5X s 3HVYCa 5X o 3HV 7 C o 3 s
THDELTA=A2X 7PDFLTA-’9?X»/HDELT& Fo2Xo7THDELTA=R /23X GH(SEC s  GLTO3
2(5Xs3H(M) 92X ) s 2Xs3(THIM/SEC) 8 1X) 22 (2Xs5HIDEG) 52X) s 3(TH(M/SFC) o6

JES NTTEN

IX) e (3Xa4HICMY o 2X) /7))
DO 607 I=1.KEEP

607 WRITE (NOUT+608) SKFEP(T41) s (SKEEP(Tad) sJ=20447)
HOB FORMAT (1XaFT7e2+2F10e2+3F8e252F0,2343F 862 +4F0,472

611 IF (NPLOTEQ.Q) GO TO 650
WRITE (NTAPE) KEEPSNRUN

Dm 620 1=1,KFFEP G

620 WRITE (NTAPE) (SKEFEP(T+J)sJ=1s7) s (SKFEP(TsJ)aJ=12+13) s (SKFFP(T4J) .G
1 J=15417) s SKFEEP (Ta27) o (SKEFP(TeJ) s J=09a30) s (SKEFP (T e ) s =24 467

650 KEEP=0
o IF (NEND.GE.2) GO TO 480
GO TO (40, zo.Jhma,qo,aeo,qaa,aeo>,L

480 WRITE (NOUT,481) NENDsL .
481 FORMAT (///710X%s ?WHIQAJFCTO Y ENDS WITH NEND = 15,5

~
i

—

4

1 14H FOR VARIABLE 15)
NEXT RUMN -
1011 TF (NPLOTEQ.0) GO TO 1013
WRITE (NTAPE) NPENDNRUN

WRITF (NOUT,1012)

1012 FORMAT {// 10Xs10HTHIS RUN IS5 PLOTTFD )
10713 NRUN=MRUN+1

1010 DEL=HDEL

AMASS=SAMASS
XR=SXR

YR=SYR
LR=S7R

VTR=HVTR
GAMR=HGAM
Rl /\MD HRL AMR
DEL=HDEL

P=HP

Q=H0 :

R=HR 4

PSTI=HPSI 5

THETA=HTHETA &1

PHI=HPHI 7
o

INTEG=LINTG
GO TO 30

1005 GO TO (1020:103041040,1050) sMSTOP
1020 WRITFk(NOUTelOZI) L

.
A

1021 FORMAT (//10Xs27HFINAL TIMF RFACHFD WITH
GO TO 1011

L= 15)

1030 WRITE (NOUT,1031) L
1031 FORMAT  (//10X432HFINAL ALTITUDE REACHED WITH L = 15)

GO To 1011
1040 WRITE (NOUT.1041) L

1041 FORMAT (//10%Xs28HF INAL RANGE REACHED WITH [ = 15)
GO Yo 1011

1050 WRITE (NOUT.1051) L
1051 FORMAT (//10X s 2THFINAL MASS REACHED WITH L = 15)

GO To 1011 :
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nz/13/770 8n/80 LIST PACGE NO
500 IF (NPLOTeFQ.D) GO TO 550
 WRITE (NTAPE) NPENDSNPEND
END FILF NTAPE
CEND FILE NTAPE LT 03¢
END FILF NTAPE T39O
550 RETURN
END
CSIBFTC PINI LISTsDECK
SUBROUTINE PINIT B
O L S R A A A O R N s T
C  SURRQUTINE CALLFD FROM VIDE OR TRIDE
C  PRINTS OUT INTITIAL TITLES, INTEGRATION SETTINGS AND WINDS
C  PLACED TN MAIN LINK
C 336 36 3 36 3 563036 903 03 30903006 369 I 03 3363 I 6 96 36 3 30030 0 3 3 30 36 2 3E 339 3¢ K
COMMON/RBCHAN/STOP,SDEL o ST SVAL(20) « SDER(20) s 5TC o qux/m
1 S1+52sCHANL «MSTOP 4DSTOP o« DCHAN GLTN4NBN

GLTN4090

1 CXsCYsC2Zo Dma,P LeNDF DDRsDNASFLy EMoFNs FXaFYsFZ s GAMR 8D 4PHI 9051 s GLTN4T0N
2 QsRsRLAMB,RHD S sSOFSsTHETASURVAL3) s VRaVTASVTR YR XTI aXR 4% 71 n&1lo
3 YIsYR» Z;,ZWQUDOT SKTR 4120

COMMON/BINTG/NoL o INTEGsNRKGsFREQaNSTOP s NCHAN s DEL s DEL 1 KOUNT TN4130
COMMON /BLABEL /SOLNO( 7521 s SMOTE(842) 704140
COMMON /BLIMIT/UPRND (20) 4 DNBND (20) s LTMaNSPT,ZRAR(20) sDERNN(20) TN4150

COMMON /BPHASE /MCOM 2 MCON(20) o MPHASE s NPHASE s PHASE (20) s EXTRA (2

NGTED

1T ADDCZO)Y oNEXT GLYM4TTN
COMMON/BTARL /NDD «NVC 2 DA(30) s DE(30) o DFE(3N) aDR(30) « TOD (30 ) o 'ﬁf%wuwﬁm ,,,,,
1 XVC(30) o YVC (30 e ZVC (R0 aVXC L3N o VYC (30 o VZC (307 s L TN4190
2 CUX (30 s CUY (R0) 2 CVZ (30) o CVXL(30) s CVYLI20) o CVZL 130 L TO4200
COMMON /BTAP/NINSNOUT T04210
COMMON/RTITLE/TITLE(12) sNRUNSNTYPFE sNPRINT sNTARL « NPAGE T4220
COMMON/BWIND/ALT(220) WX (220) sWY (220) e WZ {220 sNWINaWXX s WYY W77 “mwydﬂ
DIMENSION TRUS (3.2) ' " Tn4240
DIMENSION SSTOP( 2,43 Tn4250
DIMENSION XNOM(3 |
DATA TRUS(«el)qTme(lsZ) /15HCONSTANT WEIGHT s
1 164 VARTARLE WFEIGHT /
 DATA (SSTOP(1sT)el=1+4)/12H TIMF =412H ALTITUDE =o  GLT
1 12H RPAMGE =4102H MAS S =/
WRITE (NOUTe1l) TITLFeNPAGE 4NRUN -
1 FORMAT (1H1s12A6s15Xs4HPAGE Td4s14H OF RUN NUMBER 15)
NPAGE=NPAGFE+1 -
WRITE (NOUT2) (SOLNO(ISTINTEGYaI=1,s7) CLT 043 @m
2 FORMAT (//10Xs10A6) GLTO4350
XX=NRKG 1 f’*_’ﬁm\
IF (INTEGeEQe1) FREQ=XX*DFL GLT%@!7A
WRITE (NOUT»3) NSPT.DEL.FREQ GLTN4380
3 FORMAT (/20Xs12s1Xa34HSIGNIFICANT FICURES IN INTEGRATION /
1 20X 24HINITIAL TIME INCREMENT = F13.,5 /20X,
2 PHHINTERVAL OF PRINT OUT = FE13e5) GL
WRITE (NOUTs4) (SSTOP(T4MSTOP)el=1+2),STOP GLTO4L
,a,WFQRMA (/20X 13HFINAL STOP 1S. 2A6sE1365) GLTNGL2N
WRITE (NOUTs2) (SMOTE(TSNTYPF)s1=148) GLTAGLLN
WRITE (NOUTs5) (TRUS(IsKTR)»I=1,3) GLTOLGED
5 FORNAT (1HD 20X +3A6) GLTN4460
WRITE (NCUTs7) SsBsCoaXToYTI 92T eX71 GLTN44T70
7 FORMAT (//10Xs235HPHYSTCAL CHARACTERTSTICS OF VEHICLE//20Xo LT ALAEN
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ans80 LIST

7 P A N @
1 32HAERODYNAMIC RFFERENCE DIMENSTONS /25X 7HAREA = Fl1R3e5.10%. 0Ol
2 THSPAN = E1245.10Xs7HCHORD = F13.5// 20X, Gl 5
3 3OHMOMENTS AND PRODUCT OF INFRTIA /25XS5HIXX = F13e5+5Xs5HTYY =0 TN4510
A F13e5a5XeBHT77 = E136545XeBHIXZ = F1345) G
WRITE (NOUTse 8) XReYReZR P sQaRePST s THFTAPHT s VTR sGAMRsRLAMR ¢ AMASS
& FORMAT (///10DX«14HINITIAL VALUES // Gl
1 16X o4HXR = E1547511Xe4HYR = E15,7+11Xs4H/R = E15e7/ e
2 17Xs2HP = E15,7412Xs3HO = E15e7+12Xs2HR = E15e7/ G )
3 15X e5HPSI = F15e¢7s8Xe THTHETA = E15,7+10Xs5HPHI = F15a7/ GLTN4570
4 15Xs5HVTR = E1567s6XsQHGAMMA R = F15e7s 5Xs10HLAMBDA R = F15.7/ thﬁwfﬁﬂ
5  14XsAHMASS = F15,47) GLTNGESN
WRITF (NOUT.9) ADD GLTAGE0N
9 FORMAT (//10Xs32HFLTGHT CONTROL SYSTEM DPARAMFETERS// GLTNGR1N
T I2XSBHKTHETA = F10.5.11Xs4HTO = F10e5.6XOHKITHFTA = F10.5, GLTNG62D
2 OX s BHKIVY = F10e5s/15Xs5HKYX = F1Na5s10X5HKYVZ = FlNeB5s11Xs GLTN4A30
3 4HKZ“=‘¢io.5,10x,5Hkvc5vee5V)6/16v GHTP = F10e5+:9Xs6HKPHI = GLTOGELD
4 F10e5+8Xs7HKIPHT = FINe5s7X+8HKCFPSI = F10e5./14Xs6HKCFR = ag?haagc
5 F10e5+7XaBHTCFPST = F10a539X26HTCFR = F10e54.9%X6HKPST = F10, GLTN4660
& 13X s 7HKRETA = F10e5411Xs4HKR = F1045+8Xs THTBETA = F10s559X%5 ﬁLT“@h7”W
7 EHTAST = F10e5 ) GLTD4E8D
) WRITE (NOUT.10) EXTRA GLTN4E90
10 FORMAT (// 10Xe7HEXTRA = 551565/ (17Xs5E1565) ) GLTO4T00
WRITE (NOUTs1) TITLESNPAGE .NRUN GLTALTIN
NPAGE=NPAGE+] GLTNGT20
CWRITF (NOUTe6) (ALTI) sWX(TI)YaWYLI) a7 (IysI=1sNWIN) GLTN4730
6 FORMAT (//10Xal12HWIND ppm:TLE /7 ALTNGTLN
1 19X sBHALTITUDE s T14Xe2HWX 918X e2HWY 8 18X s 2HW7 / GLTN4T50
2 (15X+4(F154845%X))) GLTNGTE0
GO TO {(20430+40450) +NPHASE GLTN&T770
20 IF (EXTRA(1)eGTa100.0) GO TO 25 GLTN4780
CWRITE (NOUT.21) ) GLTO4790
21 FOQMAT (// s20Xs27HCONTROL DEFLECTIONS VS TIME//5Xs4HTIMEs 10X GLTN4800
1 THDELTA Eo8Xs7HDELTA Cs8XsTHDELTA As8Xs THDELTA R/) GLTN4810
e 19 & e T
25 WRITE (NOUT;Zé) , CLTNGB30
26  FORMAT (// +20Xs28HCONTROL DEFLECTIONS VS RANGE//4Xs5HRANGE «1NXs  GLTALB4LN
- 1 THDELTA Fe8X,THDELTA Cs8X.7HDELTA As8X,7HDELTA R/) GLTN4850
27 WRITE (NOUT«28) (TDD(I)sDE(IYoDF(IVYeDA(I)sNR{TI)»1=1sNDD} GLTALBEN
28 FORMAT (1H +5(F12e543%)) GLTA48TO
T RETURN GLTALEEN
30 WRITE (NOUT», 31) GLTN4BON
31 FORMAT(// 10X50HVELOCITY COMMAND AUTOPILOT WITH OPEN-LOOP GUIDANCECLTA490N
1 //1BXs5HRANGE 5 7X s 2HVXC s 7Xs 3HVY Cs TX s 3HVZC/ ) GLTN4910
WRITE (NQUTs 32) (XVCUI)sVXCII)aVYC(TI)aVZC(I)sl=1sNVC) GLTN4920
32 FORMAT (13XaF11e2+3F10e2) GLTO4930
RETURN ' GLTN4940
40 DO 41 I=14NVC GLTN4S9BN
41 XNOM(I)==SQRT(XVC({I)*%2~YVC (I )*%2) GLTN4960
WRITE (NOUT42) GLT‘a@7m
42 FORMAT (//10Xs43HVELOCITY COMMAND AUTOPILOT WITH CLOSED=LOCD
1 OH GUIDANCE/ /19X s SHRANGE s 8X 9 LHXNOM s 8X s LHYNOM 9 BX s LHZNOM 4 8 o
2 SHVXNOMs5X s SHVYNOM s 5% o BHYZ NOM )
WRITE (NOUT«43) (XVCIT)eXNOMITIY oYVC(TYsZVC{T)sVXCITI)oVYC (I s
1 \/Z_C(I)alzlw\‘.\/(:)
43 FORMAT (13Xs4F12e242Xs3F1062)
WRITE (NOUT,44)

10
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44 FORMAT (/19X s5HRANGE 310X s5HCVXsY 910X e5HCVY Y s 10X sBHCVZ sY 12X s __GLTN5050
1 SHCVX 97 510X s SHCVY s Z 510X s 5HCVZ 52 ) GLTN5060
 WRITE (NOUTs45) (XVC(I)sCVXLII)sCVYL(I)sCVZL(TI)sCVX(I)sCVY(I), GLTN5070
1 CVZ(1)sI=1sNVC ) GLTN5080
45 FORMAT (13XsF124292X52E154542X93F1545) __ _GLTN5090
RETURN GLT05100
50 NEND=2 -~ _ GLT05110
RETURN GLT05120
- END - S - GLTN5130
$IBFTC SOSD LISTsDECK GLTN5140
SUBROUTINE SOSDE GLT05150
C % 3 3% %**%**%w%***r%****%**m%**%%****k%******%**%*%*****%*****%“*%w¥x*w¥nLTﬂ%léO
~ C  SUBROUTINE CALLED FROM VIDE _ _GLTO05170
C SUBROUTINE CONTROLS THE INTEGRATION RETWEEN ADAMS AND RUNGE-KUTTA  GLTN5180
C  PLACED IN MAIN LINK __GLTN5190
€36 36 363636 38 30 3036 3036 3636 33 336 36 3 3 0 303 34 34 30 % % ¢ %‘*%%“%%*%***%%**%**w**%%w%%%yy%ahlTﬂS?ﬁO
COMMON /BEND/NEND - GLTN5210
COMMON/BRINTG/NaL s INTEGsNRKGsFREQsNSTOPsNCHANsDEL s DELL1 s KOUNT GLTN5220
~ COMMON/BPRI/LPRINT | -  GLTn5230
COMMON/BTAP/NINsNOUT GLT05240
5 GO TO (10+10420)sINTEG B B _ _GLT05250
i 8 L=1 GLTN5260
10 CALL RKUTTA  _GLT05270
IF (NEND.EQ.3) RETURN GLT05280
IF (LeGTW1l) GO TO 31 S GLTN5290
~IF (LPRINT.FQel1) RETURN GLTN5300
20 CALL ADAM - . GLTN5310
30 IF (NEND.GE.2) RETURN GLTN5320
B IF flwEf«l] GO TO 10 __ GLT05330
31 IF (NEND.GE.2) RETURN GLTN5340
- IF (LPRINT.EQa1) GO TO (1000510005100058,1000432),L B __GLT05350
GO TO(205100051000+851000+32) L GLTN5360
32 WRITE (NOUTs33)L , - AWGLT0537QW
33 FORMAT (//10Xs3HL= 13,12H IN SOLUTION ) LTN5380
C ERROR AT THE PHASE CHANGE OR AT THE STOP VARIABLE _m,,m__§LIQ239Q_
IF (NCHANeGT.2) GO TO 10 GLTN5400
1000 RETURN R —e N : ___ _GLTO054l10
END GLTN5420
~$IBFTC RKUT LISTsDECK ) - GLIN5430
SUBROUTINE RKUTTA GLTN5440

C******w*%*****%%%*%*******%%***********************%*******%%%*%***%¥% GLTOSQSQ

1
|

C SOLUTION OF SIMULTANEOUS DIFFERENTIAL EQUATIONS BY RUNGE KUTTA GTLL GLTN5460
C SUBROUTINE IS SET FOR USE BY ITSFLF OR FOR SUPPLYING ADAMS WITH  GLTN5470
& INITIAL POINTS GLTN5480
C  CALLED FROM SOSDE ) 7 GLTN5490
C PLACED IN MAIN LINK - S GLTN5500
C CALLS CHANGE DEV GLT0S5510
B i e e e e T T ****************»A%*%*****ae*%x**ﬁ*ﬁﬁn 5520
COMMON /RADAM/ T s VALUE (2G) sDERN(20) s DERN3(20) sDERN2(20),DERN1(20)s GLTN5530
1 TPRIN GLTN5540
_COMMON /BEND/NEND I N _GLTOB5550
COMMON/BRINTG/N ,LsINTFG NPKG FREQ. NQTOPs'\!CHANsDELsPFLleOl'NT GLTN5560
L 7___§QMM0N/RITEP/DD(2_0:‘95DDF B _ _GLTOBS5 70 |
COMMON/BLIMIT/UPBNC(20) ¢DNBND(20) s LIMsNSPT4ZBAR(20) 4DERNN(20) GLT05580
~ COMMON /BPHASE /NCONsMCON (20) sMPHASE s NPHASE sPHASE (20) sEXTRA(20)s  GLTN5590
1 ADD(20) 4NEXT GLT0N5600

A 411
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COMMON/BPRI/LPRINT GLTN5610
COMMON/BTITLE/TITLE(12)sNRUNsNTYPEsNPRINT sNTABL « NPAGE GLTN5620
DIMENSION S(80) S GLTN5630
LPRINT=2-MOD(NPRINT,2) GLTN5640
IF (LeEQe6) GO TO 11 - . GLTN5650

10 GO TO (111209 4L T GLTN5660N
11 IF (INTEGeEQ.1l) GO TO 111 B - ,CLTnge7o
INTEG=2 LTN5680
- C FOR ADAMS START e 1Aigﬁﬁququggqg_
F4=FREQ/4.0 GLTN5700
IF (DELeGE<F4) DFL=F4  GLT0n5710
111 CALL DEV (VALUEsTsDERN) GLTN5720
IF (NEND.EQe3) RETURN - . GLT05730
NEXT=2 GLTN5740
77777 DO 113 I=1,N - GLT05750
113 ZBAR(T)=VALUFE(T) GLTN5760
NCHAN=0 . o ,(LTOEZZQ_
~C  INITIAL SETUP FOR A NEW PHASF LTN5780
- CALL CHANGE S GLﬁQ§72QW
NCHAN=1 GLTN5800
L=2 B B _GLT05810
) IF (INTEGeEQel)  RETURN GLT05820
DO 112 I=1.N ~ _GLTN5830
112 DERN3(I)=DERN(I) o GLT05840
RETUPN . GLTN5850
115 DO 121 I=1sN o a  GLTN5860
K= Jl%] __GLTN5870
- DERN(I)=S(K) GLTN5880
121 VALUE(I)=S(1) - GLT0N5890
120 C1l=0.5%DFL GLTN5900
o  C2=0.7071068%DEL - GLT05910
C3=C2-C1 GLTN5920
 C4=DEL-C2 B ~ GLT05930
C5=DFL+C2 GLT05940
- C6=DEL /640 - GLT05950
C7=C4/340 GLT05960
N ~ C8=C5/3.0 - R _GLTOSS 70
J1=N GLTN5980
o J2=J1+N . ~ _GLTN5990
J3=J2+N GLTO6000
122 DO 200 I=14N GLT0601N
K=Jdl+1 GLTN6020
~ 5(K)=DERNI(TI) - - B GLTN6030
S(I)=VALUE(TI) GLT06040
DD (I)=DERN(I) . - GLT06050
200 VALUE(I)=S(I)+C1%#S(K) GLTN6060
=T+C1 GLT0N6070
CALL DEV (VALUETsDERN) GLTN6080
IF (NEND.GE.2) RETURN GLTN6090
DO 300 T=1sN ’ TGLTN6100
K=Jl+T GLT0611n
LL=J2+]1  GLTO06120
~ S(LL)=DERN(I) GLT06130
DD(I)Y=DERN(I) GLTN6140
300 VALUE(I)=S(I)+C3%S(K)+C4*S(LL) ~ GLTN6150
CALL DEV (VALUEsTsDERN) S5LTN6160

Al=- 12
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~ IF (NEND.GE.2) RETURN - GLT06170
DO 400 I=1,N GLTN6180
o bb=Jd2+T - S . GLT06190
LM=J3+1 GLTneznn
S(LM)Y=DERN(T) __ GLT06210
DD(TI)=DFRN(T) GLTﬁé??n
400 VALUF(I)=S(I)-C2%S(LL)+C5%S(LM) o _ GLTN6230
T=T+C1 LTP624O
7 CALL DEV (VALUE,sTsDERN) , o _ _GLTN6250
~ IF (NEND.GFe2) RETURN GLTnezso
DO 500 I=1,.N ____GLT06270
..... =T GLTN6280
. Li=Jde+l _ GLTN6290
LM=J3+]1 GLTNE300
- VALUE (I)=S(I1)+C6*S(K)+CT*S(LL)+C8¥*S(LM)+CHE%DFRN(T)  GLTN6310
DD(I)=DERN(T) GLT06320
500 ZBAR(I)=VALUE(I) _ GLTN6330
CALL DEV (VALUE +TsDERN) GLTN6340
€ VALUE FOR INTEGRATED STEP _ _GLTN6350
L=2 GLTN6360
 IF (NENDGE.2) RETURN - - GLTN6370
CALL CHANGE GLT06380
IF (NSTOPeGTeCoeOReNCHANCGTel) GO TO(11,115,800,71058005800)sL  GLTN6390
KOUNT=KOUNT+1 GLT06400
GO TO ( 700,702)sINTEG  GLTné4lo
C RUNGE KUTTA FOR ALL POINTS GLTN6420
700 IF (KOUNTeLTe50) GO TO 701 ___GLT0N6430
2 ~ =5 GLT06440
_RETURN GLT06450
701 IF (KOUNTLTeNRKG) GO TO 12 GLTN6460
. L=p .  GLT06470
RETURN GLTN6480
C  ADAMS SETUP FOR INITIAL STEPS _ GLTnbk490
702 GO TO (703+705,708) 4KOUNT GLTN6500
703 DO 704 I=1sN , - GLTN6510
704 DERN2(I)=DERN(I) GLTN6520
GO TO 12 - o _____GLTNné6530
705 DO 706 I=1sN GLT06540
706 DERN1(I)=DERN(T) o | - - GLT06550
GO TO 12 GLTNE56N
708 INTEG=3 ___GLTN6570_
710 L=1 GLTN6580
800 RETURN o o o _ GLTN6590
12 IF (LPRINT«EQe2) GO TO 122 GLTN6600
RETURN B ) ) R _GLTN6610
END GLTN6620
$IBFTC ADAMS LISTsDECK N GLT06630
: SUBROQUTINE ADAM GLTN6640
7 C 36 36e3¢ **********"fﬁf_*__*********"*****************************"**********‘?*GLT ﬂbﬁ 50
C PLACED IN MAIN LINK GLTN6660
C SOLUTION OF SIMULTANEOUS DIFFFRENTIAL EQUATIONS BY ADAMS BASHFORTH  GLTN6670
C SUBROUTINE 1S CALLED BY SOSDE AND GIVEN INITIAL VALUES BY RKUTTA GLTN6680

 CORHRHH BRI KK KNI I HIIH I I R H KRR I HH AR XXX FH XXX AGLTNEEOD
COMMON /RADAM/ T 3 VALUE (20) s DERN(20) s DERN3 (20) sDERN2(20)3DERNI(20) s GLTN670N
1 TPRIN  GLT0n6710

'COMMON /BCHAN/STOP s SDEL ST s SVAL(20) sSDER(20) sSTOPL sSWITCHSC1s5C2s GLTN6720

A - 13
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1 S1+S2sCHANL sMSTOP4DSTOP 4 DCHAN _GLT06730
COMMON /BEND/NEND GLTN6T740
COMMON /BINTG/NsL s INTEGsNRKGsFREQsNSTOP s NCHAN s DEL s DEL1 4 KOUNT GLT06750_
COMMON /BITER/DD(20) s SDDE GLTN6760
 COMMON/BLIMIT/UPBND(20)sDNBND(20)sLIMsNSPT4ZBAR(20)4sDERNN(20)  GLT06770
COMMON /BPRI/LPRINT GLTN6780
L COMMON/BTITLE/TITLE(12) sNRUNSNTYPESNPRINT sNTABL sNPAGE - GLTN6790
DIMENSION VALUEN(20)sDIF(20) GLTN6800
L GO TO (10s20) L ___GLTN6810
C RKUTTA HAS JUST INITIALIZED GLTN6820
10 DELMIT=DEL1/1000.0 GLT06830
~ H1=DEL o T GLTN6840
H2=DEL -  GLT06850
 H3=DFL o - GLTN6860
~ KOUNT=0 | o - GLTD6870
NBOUN=0 GLTN688N
GO TO 31  GLTN6890
| 72‘—0—!‘ 1 GI_T 6900
IF (LPRINTEQel) GO TO 30 - B _ GLTN6910
DO 21 I=1,N GLTN6920
. VALUE(I)=SVAL(IY - GLTN6930
21 DERN(I)=SDER(I) GLTN6940
il T=5T . __GLTN6950
30 TPRIN=TPRIN+FREQ GLT06960
~ IF (DEL.GT.FREQ) DEL=FREQ  GLT06970
31 IF (TeGTSTPRIN) GO TO 30 GLT06980
~ DEL=sDEL B _ GLT06990
40 Wl= H1 + H?2 GLT07000
N W2 = W1 % Wl GLT0N7010
W2 = W1l + H1 GLTN7020
W& = W1 4+ H3 S - GLTN7030
W5 = W4 + wl GLTN7040
o W6 = W4 + W3 - B GLTN7050
W7 = W3 + H3 GLTN7060
W8 = Wl % H1 Mr#d_ﬁ;jﬁ7o70
' WG = W1l % H3 GLT07080
_W1l0= H2 + H3 . o GLTNT7090 _
Wll= H2 * H3 GLT07100
W12= H1 * H2 ___GLTOT11O0
’’’’ CWle= W2 + W9 GLT07120
44 IF (ABS(DEL)-ABS(DELMIT)) 4014402,402 - GLTN7130
401 L=5 L TOT 4G
GO TO 1000 - - S GLTO07150
402 T=T+DEL GLT07160
403 W13=DEL/2e0 - - GLT07170
Wlsé= W13 * W13 * DEL GLTO7180
W15= DEL % DEL / 3.0 GLTN7190
W17= HI1 + DEL o GLTO7200
Wls= W1 + DEL GLTN7210
- Wl9= w1l * DEL : T GLTOT7220
- W29 = W3 ¥ DEL - o GLTN7230
BO=DFL /W& (W14+W15%¥Wo+W13% (W2+2. 0% HI#WL+W11)+HI*W1k) /W8 GLTNT7240
. Bl==DEL/WLO*(W14+W15%¥W5+W13%W16) /W12 - GLTN7250
B2 = DFL / Wl % ( W14 + W15 % W7 + W13 % H1 * w&) GLT07260
1/W11 ~ GLT0n7270
- B2 = —DEL / W& ¥ ( W14 + W15 % W3 + W13 * W8) /wlo0

A - 14

GLTN7280
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__ irHs o _GLT07290
DO 404 I=1,.N GLT07300

DD (I)=DERN(I) o - - GLTN7310
C PREDICTED VALUES GLTNT7320
404 ZBAR(I)=VALUE (T)+BOXDERN(I)+B1#DERN1(T)+B2%¥DERN2 (I)+B3%DERN3 (1) GLTN7330
CALL DEV (ZPAR T sDERNN) GLTO7340
 IF (NEND.GF«2) GO TO 1000 .  GLT07350
A = (Wl4 + W15 % W3 + W13 % W8) / W17 / W18 GLTN7360

 AD == (Wl4 + W15 * (W3- DEL) + WI13%(W8 — W29) —-DEL *W8) _ GLTNT370
1/W8 GLTN7380

- Al =DEL/WI17%(Wl4+ W15 *(Wl —=DEL)— W13 * W19 )/W12 _ GLTN7390
A2 = DEL /W1 * (W14/3.0 + HLl * W15 /2.0) /H2 / w 18 GLTNT400

C  pP-C LIMIT BOUNDS FOUND  GLTO07410
CALL BOUND GLTNT420

~ C  CORRECTED VALUES - GLT07430
DO 50 I=1.N GLTNT7440

VALUEN (1)=VALUE (1) +A%*DERNN(I)+AO%DERN(I)+AI#DERN1(I)+A2¥DERN2(T) GLTN7450

IF (NSTOM+NCHAN.GT 1) GO TO 50 GLTNT460
 DIF(I) = ABS( VALUEN(I) - ZBAR(I) ) B _GLTN7470
IF (DIF(T)«LEUPBND(I)) GO TO 50 GLTN7480

'C P-C NOT WITHIN BOUND | B GLTOT7490
T=T-DEL GLTN7500

B DEL=DEL-425%DEL B GLTN7510
LIM=1 GLT07520

| GO TO 44 ) o | ) - GLTN7530

50 CONTINUE | GLTO7540

| | IF (LeEQs2) GO TO 610 ]  _GLT07550
CALL CHANGE | GLTN7560

IF (NCHANeGTeleOReNSTOP+GT«0) GO TO (402+80,80570580s80) 5L GLTN7570

IF (TeGE.TPRIN) GO TO 64 GLTNT580

60 DO 61 I=1.,N ) _ GLTON7590
IF (DIF(I)eGT«DNBND(I)) GO TO 62 GLTN7600

61 CONTINUE e - _ GLTN7610

IF (NBOUNeGT«2) NBOUN=0 GLTN7620

NBOUN=NBOUN+1  GLT07630

IF (NBOUNeNEa3) GO TO 62 GLTN7640

 DEL=DEL+.25%DEL - - _ GLT07650
IF (DELeGT<FREQ) DEL=FREQ GLTN7660

i GO TO 62 . B __GLT07670
610 DEL=SDEL GLTN7680

62 DO 63 I=1,N o  GLT07690
DERN3(I)=DFRN2 (1) GLTN7700

_ DERM2(I)=DERN1(I) o o __GLTO07710
DERN1(I)=DERN(T) GLTOT7720
DERN(TI)=DERNN(TI) R GLTN7730

63 VALUE(I)=ZRAR(T) ‘  GLTNT740

H3 = H2 - | _ GLT0N7750

H2 = H1 ‘ GLT07760

H1 = DEL - \ - GLTOT7770

IF (LPRINT.FQel) GO TO 66 GLTN7780
IF (L=2)  40,1000,40 ] S GLT07790
C PRINT TIME REACHED GLTN7800

64 L=2 B __GLTO7810
ST=T GLTNT7820

__ SDFEL=DEL . I _GLT0N7830

DEL =DEL-T+TPRIN GLTN7840
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T=TPRIN - GLTw78§Q
DO 65 I=1sN LTN7860
SVAL(I)=ZBAR(1I) B b B - FLT“78707
65 SDER(I)=DERNNI(T) GLTN7880
- GO TO 403 B _ GLT07890
C FOR EXIT TO PRINT EACH TIME CYCLFE GLTN7900
66 L=2 - - _ GLT07910
SDEL=DEL GLTN7920
_DEL=H1 __GLTINT7930
RETURN GLTNT7940
- C  CHANGE RFACHED - B _GLTN7950
70 INTEG=2 GLTN7960
L=1 . - GLT07970
IF(DELeGTeDEL]) DEL=DEL1 GLTN7980
80 DO 71 I=1,N - - - _ GLTN79%90
VALUE(I)=ZBAR(T) GLTN800D
71 DERN(I)=DERNN(T) ,ﬁ;,Aﬁ,ﬁfklﬁﬁﬂlo
1000 RETURN LTN8020
END - B B ,GLTnQOQQM
$IBFTC BOUNDS LTST.DFECK GLTN804N
SUBROUTINE BOUND GLTN8050

' C*%%****X**¥*%*****%x%**x*%x%%*w************%********h*%**%**x%*x*aK%*%*ULTnanen'

C SUBROUTINE SETS INTEGRATION LIMITS FOR ADAMS METHOD GLTN80TO
C USED WITH PREDICTOR CORRECTOR SECTION OF ADAMS GLTNB0O8D
C PLACED IN MAIN LINK GLT0N8090

ORI R I RIS KN I KKK HNH KK R R H R R H IR H RN X H R %% %G TOB100

COMMON/BINTG/NsL s INTEGsNRKGsFREQsNSTOPsNCHAN s DEL sDEL1sKOUNT GLTN811l0
- - COMMON/BLIMIT/UPBND (20) sDNBND(20) s LTMsNGPTsZRAR(20) sDERNN(20) GLTN8120

DO 10 I=1,N B GLT0N8130
AVALUE=ARS(ZRAR(I)) GLTN8140

~ NN=1 - B _ _GLT0N8150
IF (AVALUE.LTe140) GO TO 1 GLTNB8160
~IF (AVALUE.GE.1040) NN=2 - N _ _GLTN8170
IF (AVALUF«GEe10eN#%2) NN=3 GLTN8180

IF (AVALUF«GEe1040%%3) NN= _GLT08190

- IF (AVALUE«GE e 1040%%4) NN=5 GLTN8200

 IF (AVALUEWGE«10.0%%5) NN=6 - _GLTN8210
IF (AVALUE.GE«1040%%6) GO TO 6 GLTN8220

~ K=NN=-NSPT - o _GLTNB230
UPBND (1) =1040%%K GLTN8240

- GO TO 2 __GLTN8250
1 IF (AVALUFE «LTal0e0%%(=1)) NN=2 | GLTN8260

o IF (AVALUE.LTe10e0¥%(=2)) NN=3 . - i _GLTN8270
IF (AVALUE «LTel0e0%%(=3)) NN=4 GLTNB280N
IF (AVALUESLT«10.0%%(=6)) GO TO 5 S GLTN829%90
 K=NN+NSPT GLT08300
IF (KeGEeb) K=6 GLTN8310
UPBND(T)=104%%(=K) GLTN8320
GO TO 2 GLTN8330

5 UPBND(IY= R - GLTO08340
GO TO 2 GLTN8250

6 UPBNDI(I)=10.0%%10 -  GLT08360
2 DNBND(I)=e5%UPBND( 1) GLT08370

10 CONTINUE ~ GLTN83280
RET!HRN GLTN839N
END h  GLTN840n

- 16
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_$IBFTC CHANS LISTSDECK - | __GLTN8410
SUBROUTINE CHANGE | GLTPBAZP
C 333, I 3KIK HHHIEHHIHHIH I 0303013030 3363000 R IR AR R R X H XXX GLTNBL
~ C  SUBROUTINE CALLED FROM ADAM OR RKUTTA GIT“8440
C TESTS FOR PHASE CHANGE OR TRAJECTORY END RETURNS CHANGED DEL OR L LTN8450
C CALLS FUNCTIONS FCHAN AND FSTOP GLTanen
C__PLACED IN MAIN LINK GLTN84T70
C* )!-,c% %s%**%***ﬁ****%***%%*%’*-‘%%***%’c"%*-“*r*‘%w**mv\*X-***)‘\‘**-X—*%‘%w%(w%*-"—‘“w"*v"GLTP\Rl&Rﬁ
COMMON /BADAM/ T s VALUF (20) sDERN(20) s DFRN3(20) sDERN2(20)4DERN1(2n), GLTNBL9N
1 TPRIN GLTN8500N
COMMON /BAUTOP / THETFE s THETC o VCOM( 3 ) s VXVH o VYVH s VXET o VZCT o THETE T » GLTN8510
1 YNOM s ZNOM s VXNOM s VYNOM s VZNOM s GVX s GVY s GVZ s GVXL s GVYL sGVZL s GLTNB520
o 2 XXsPHIET PHICsPHICI oPSICsPSTIRSRETAI sVXCOMsVYCOMsMODE s PHIE _77LIP8 30
- ’ COMMON/RCHAN/QToﬁ,QDELs%T,QVAL(ZC),thR(ZO)9STOPLs%wITCH,9F1,’F2. GLTN8540
1 S1+52sCHANLsMSTOP 4DSTOP s DCHAN - B GLTN8550
COMMON /BDEV6/A(393) sALPHA s AMACH s AMASS o BsBETAsCsCL2CMsCN o GLTN8560
1 CXsCYsCZ4DDASDDEsDDFsDDRsDNASFLAFMoFNsFXsFYsFZsGAMRSPsPHISPST s  GLTN8570
2 QeReRLAMBIRHO sS oSOFSsTHETASURSVA(3) e VRoVTASVTRaWR XTI oXR aXZ1 s PLT“958
3 YIsYRsZISZReWDOT 4KTR - GLTN8590
COMMON/BINTG/NsL s INTEGSNRKGsFREQ4NSTOPsNCHAN s DEL sDELT sKOUNT GLTN8ENN
_ COMMON/BLIMIT/UPBND(20) «DNBND(20) s LTMsNSPT+7ZBAR(20)4DFRNN(20) GLTN8K1N
COMMON /BPHASE /NCON sMCON( 20) s MPHASE s NPHAGE s PHASE (20) oEXTRA (20 o GLTN8&20
- 1 ADD(20) JNEXT ‘  GLTNn8630
IF (NCHANGT«0) GO TO 1 \ GLTN8640
~C  INITIAL TIME SETUP - _GLTN8650
100 S1=FSTOP(MSTOP)-STOP 3 GLTNB66N
e SC1=FCHA#(VTA)-SWITCH ] 7 N  GLT08670
IF (ABS(SC1)eGTeCHANL) RETURN | . GLT08680
- SCl=1,0 P— ’JLTF\SQQO
IF (MODE.FQe0) SCl==140 N GLTNB8700
~ RETURN , - B __GLTN8710
C STOP CONDITION CHECK GLTNB8720
1 S2=FSTOP (MSTOP)=STOP GLT08730
~ §5=52%51 - - CGLTN8T740
 IF (NSTOP.GTW0) GO TO 5 __GLTN8750
IF (SSeGTe0e0) GO TO 20 R GLTN8760
C  STOP CONDITION REACHED - - GLTN87T70
5 IF (ABS(S2)eGT4STOPL) GO TO 10 GLTN8780
~C  STOP CONDITION SATISFIED o o . GLT08790
L=3 GLT08800
____RETURN _GLT0N8810
10 T=T-DEL GLTN882N
DEL=DEL-52/DSTOP R . GLTN8830
NSTOP=NSTOP+1 GLTNB88LN
~ IF (NSTOP.LT.50) RETURN o S ___GLTN8850
L=6 GLTN886N
B RETURN . ___GLTN8870 _
20 81=52 GLTNB880
SC2=FCHAN(VTA)=SWITCH . - B GLTN8890N
SSC=SC1%#5C2 GLTN8900
) IF (NCHANelLE«leANDeSSCsGT«0e0) GO TO 40 - GLT08910
C CHANGE CONDITION REACHED GLT08920
B 25 IF (ABS(SC2)eGT«CHANL) GO TO 30 GLTN893n
C CHANGE CONDITION SATISFIED GLTN8940
. L= , - _GLTN8950
IF (MODE4ED.0D) GO TO 27 GLTNB8960
- 17
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MODF =0 - - GLTN8970
PSIR=ZBAR(7) GLTN8980
ZBAR(19)=DDR/(ADD(16)*ADD(18)) GLTN8990
RETURN GLT09000

27 MODE=1 _ GLT09010
PSIQ‘ -0.0 o N o - . GLTN9020
ZBAR(19)=0,0 - - - ~  GLTNn%03n
B ' RETURN ) S [ GLT09040

30 T=T-DEL - _ GLT09050
DEL=DEL-SC2/DCHAN GLTN9060
NCHAN=NCHAN+1  GLTN9070

 IF (NCHAN.GF.50) L=6 - GLTN9080
RETURN GLTN9090
40 sCci=scz2 /1 o -~ GLTO09100
RETURN , - - - GLTN9110
END S i - GLTN9120
SIBFTC FCHANF LIST,DECK _ GLT09130
' FUNCTION FCHAN(TAS) o GLTN9140
C*%****%*%*** *****************‘************’***%*****************”‘“***GLT“OW6”7
C FUNCTION CALLED BY SURROUTINE CHANGF GLTN9160
C CALCULATES THF VALUE OF THF VARIABLFE AT EACH TIMF POINT TO BF TESTFD GLTN9170
C FOR THE CHANGE OF PHASE GLTN9180
C PLACED IN MAIN LINK _ GLTN9190

C 336 333 3 363 3 363 3 6363636 3 36 2303 3630336 3 K 3363 K0 3303 3 2 M 33 K X33 I HH KN A H LA K X XX ¥ %G TNO200
COMMON /BCHAN/STOP s SDEL s ST9SVAL(20) s SDER(20) s STOPL s SWITCHSC158C2, GLTN9210

"1 S1+S2sCHANL sMSTOP sDSTOP s DCHAN GLTN9220

- ~ COMMON/BLIMIT/UPBND(20) sDNBND(20)sLIMsNSPT+ZBAR(20)sDERNN(20) GLTN9230
FCHAN=TAS GLT09240

 DCHAN=(ZBAR(1)*DERNN(1)+ZBAR(2)*DERNN(2)+ZBAR(3)*DERNN(3))/TAS  GLTN925n
CHANL=UPBND (1) GLTN9260

DO 10 I=2,.3 - _ GLT09270
IF (UPBND(I)eGTeCHANL) CHANL=UPBND(T) GLTN9280

10 CONTINUE N I o ___GLT09290
CHANL=CHANL*1040%% (=NSPT) GLTN9300

~ RETURN i N 7 | ngggjiﬂ_
R ~ END - GLTN9320

~$IBFTC FSTOF  LISTsDECK - GLTN9330
FUNCTION FSTOP(MSTOP) GLTN9340
C**%*******%*****%%*%%*%**”*%*%%**%%****%* **%*******%%**%*%****%%%%%%%*G[TﬂO?BO
C FUNCTINON CALLED BY SUBROUTINE CHANGE GLT09360

~C CALCULATES THE VALUE AT EACH POINT TO BE TESTED AGAINST FOR END  GLTN9370
C STOPS ARE ON ALTITUDE (NEGATIVE ABOVFE GROUND) GLTN9380

C PLACED IN MAIN LINK GLT09390

C**%******%***#%*x**%**%*%**4%%*****%*ﬁ***w*%*{¥*%*¥**¥*xx%‘v*W*x*wvV¥¥*GLTnoaﬁn
COMMON /BADAM/ T s VALUE (20) 4DERN (20) s DERN3(20) sDERN2(20)YDFRN1(20)s GLTOS&10

1 TPRIN ‘ GLTN9420
B COMMON /BCHAN/STOP s SDEL s ST»SVAL(20) s SDER(20) s STOPL sSWITCH 4SC1+SC24 GLTNS43D
1 S1552sCHANLsMSTOP+DSTOP 4DCHAN | ' GLTN9440
- COMMON/BLIMIT/HDBND(ZOW9DNRND(?O)aLTqucPT,ZRAR(QO),DFRNN(?H\ GLTN9450
6 GO TO (7+8494104+8) 4MSTOP ‘ ' GLTN946EN
C TIME STOP GLTN9470
7 “Fstoe=v - GLTN948n
DSTOP=1.0 ; GLTN949n
o RETURN i -~ GLTN9500
C ALTITUDE STOP GLT09510

8  JSTOP=12 - GLT09520
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_____Go710%20 - S ) GLTN9530
C RANGE STOP GLTN9540
g JSTOP=10 S GLTN9550

1 ~ GO TO 20 GLT09560
_C__MASS STOP __ GLT09570
10  JSTOP=13 GLTN9580
20 FSTOP=ZBAR(JSTOP) o __GLTN9590
STOPL=UPBND(JSTOP) %10, 0%%(~-NSPT) GLTN9600
_ DSTOP=DERNN(JSTOP) N | B GLT09610
RETURN GLT09620
END _ GLT09630
$IRFTC DEVS LIST»DECK GLTN9640
SUBROUTINE DEV (VALUE,TsDERN) _ GLTN9650
C%***-X T v R A A K IR A T AR A R VAR STV VA VR R VA A T AP R R VAR R PR VAR VIR PRV AR VIR Y—é'--}'*-):-ﬁ LTNOKEN
C DERIVATIVE SUBROUTINE FOR USE WITH VIDE (6-D SECTION) GLTN9670
- C  CALLED FROM RKUTTA OR ADAM GLTN9680
C PLACED IN MAIN LINK wL7096QO
C 3% 936 363636 36 3636 36 3036433 % ¢ FEE I I I I3 3630 36 5 3636 3636 3 3 636 3 0 36 36 3636 3 6 K KB I 36 I I 3K 36363 % %KX XEXG LT097
COMMON /BAUTOP/ THETE s THETC s VCOM( 3 ) s VXVHs VYVHsVXET s VZCI 4 THETEL » Ggrgg7;9
1 YNOM s ZNOM 3 VXNOM s VYNOM s VZNOM s GVX s GVY s GYZ » GVXL s GV YL sGVZ L s @LTnQ720
2 XXsPHIEI sPHIC,PHICI PSICsPSIRsBETAILVXCOM,VYCOMsMODESPHIE  GLTN9730
COMMON /BCONST /GG sRADE s DH»QRHOS GLTN974N
COMMON /BDEV6E/A(353) yALPHA S AMACH s AMASS sBoBETASCoCLsCMHCN _GLTN9750

1T CXsCYsCZsDDA sDDE »DDF sDDRsONASFL s EMoFNsFXoFY oFZsGAMR 5P sPHI sPCT o
2 QsRsRLAMBsRHO,SsSOFSsTHETASURsVA(3) sVRaVTALVTR,

3 YIeaYRZIsZRSWDOQT +KTR
COMMON /BEND/NEND

~ COMMON /BPHASE /NCON s M

COMMON /BITER/DD(20) 4 SDDE

1 ADD(20) sNEXT

COMMON /BSTABR/LOOP

COMMON /BTITLE/TITLE(12) sNRUNsNTYPE sNPRINT «sNTABL s NPAGFE

WR o X I L) XRﬁa)/7T~

CON(20) sMPHASE s NPHASE sPHASE (20) s EXTRA(20)

mCOMMON/BWIND/ALT(’ZD)9%X(2?0)~WY(22”)9W7(??O)9NW]N-WXX s WYY o W

DIMENSTON VALUE(20) 4DERN(20)
==VALUE (12)

C ATMOSHPERIC

CALL ATMOS(HsDUMI s DUM2 sRHO s DUM3 3 DUM& 4 SOF S sDUM5 s KDUM)

T=T
AMASS=VALUE(13)

TABLES
H=H/3.28083

H=H%3,28083

SOFS=SOFS%3.28083
RHO=RHO%514,073

CTHE = COS(VALUE(8))
STHE = SIN(VALUE (8)) i
CPSI = COS(VALUE(T))
" SPSI = SIN(VALUE(T))
CPHI = COS(VALUE(9))
SPHI = SIN(VALUE(9))

C TRANSPOSE MATRIX

All,1)=CTHE%CPST

A(1,2)=CTHE*SPSI
_Al1,3)==STHE

A(2+1)=SPHI*STHE*CPSI-CPHI*SPSI

A(242)=SPHI#STHE#SPSI+CPHI*CPST

A(243)=SPHI*CTHE

A - 19
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A(341)=CPHI*STHE*#CPST+SPHI*SPSI - _GLT10090
T A(2,2)=CPHI*STHE*SPSI~-SPHI*CPST GLT10100
A(3,3)=CPHI*CTHE GLT10110
IF (LOOP.GT«1) GO TO 15 o I GLT10120
10 DO 11 I1=1,3 LT10130
a 11 VALUE(I)Y=A(Ts1)*¥UR+A(T+2)%*VR+A(TI+3)%*WR i o GLT10140
C WIND COMPONENTS INTERPOLATED B - ~ GLT10150
15 CALL ALINE (NWIN.WXsALT sWXXsH) GLT10160
 CALL ALINE (NWINSWYsALTsWYYsH) - GLT10170
CALL ALINE (NWIN.WZ+ALTsWZZsH) GLT10180
IF (NTYPE.LT.2) GO TO 23 - ___GLT10190
" LONGITUDINAL CASE GLT10200
VALUE(2)=0.0 . . - - GLT10210
VALUE (4)=0 GLT10220
~ VALUE(6)=0,0 I | o o GLT10230
VALUE(9)=040 GLT10240
23 U=sVALUE(1) ) GLT10250
V=VALUE(2) GLT10260
 W=VALUE(3) - GLT10270
C VA(1)=UASVA(2)=VAsVA(3)=WA GLT10280
19 DO 22 I=143 - GLT10290
22 VA(I)=VALUE (I)=(A(T e1)*WXX+A(Ts2)¥WYY+A(T +3)%¥WZZ) GLT10300
UR=VALUE (1)%A(1,1)+VALUE(2)*A(2,1)+VALUE(3)%A(3,1)  GLT10310
VR=VALUE (1)#A(1+2)+VALUE(2)%A(2+2)+VALUE(3)%A(3,2) GLT10320
WR=VALUE (1)#A(153)+VALUE(2)%A(2+3)+VALUE(3)$A(3,3) GLT10230
T P=VALUE(4) GLT10340
Q=VALUE(5) GLT10350
o T R=VALUE(6) "GLT10360
PSI=VALUE(T) _ GLT10370
THETA=VALUE(8) GLT10380
~ PHI=VALUE(9®) - - Wv*GLT]OB?Qﬁ
~ XR=VALUE(10) - GLT10400
- CYR=VALUE(11) - | B o CGLT10410
CZR=VALUE(12) GLT10420
VXVH=UR*CPST+VR*SPS1  GLT10430
VYVH=—UR%SPSI+VR*CPSI GLT10440
- VXEI=VALUE(14) - o GLT10450
THETEI=VALUE(15) GLT10460
 VZICI=VALUE(16) )  GLT10470
PHIEI=VALUE(17) GLT10480
. PHICI=VALUE(18)  GLT10490
PSIC=0.0 GLT10500
B BETATI=VALUE(19) B i - S GLT10510
IF (MODE.EQ.1) GO TO 30 GLT10520
__ PSIC=VALUE(19) 1 . - GLT10530
BETAI=040 GLT10540
30 VTA=SQRT(VA(1)1#%2+VA(2)**¥24+VA(3)%%*2) GLT10550
VTR=SQRT (VALUE (1) *VALUF (1) +VALUE(2)*VALUE(2)+VALUF(2)*VALUF(2)) GLT10560
ETA=ATANEL(VA(2)4VA(1)) GLT10570
~ ALPHA=ATANL(VA(3)sVA(1)) o B GLT10580
AMACH = VTA/SOFS GLT10590
" DNA=0+5%¥RHO¥VTA*VTA o - - "GLT10600
QS= DNA*S GLT10610
GAMR=ARSIN(=WR/VTR) o T GLT10620
RLAMB=ATANG (VR sUR) GLT10630
T “CALL STAB (T) GLT10640

20
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A - 21

~ IF (NEND.GF.2) RETURN - GLT10650
C STAB RETURNS FXsFYsFZaFLsFMsaFN, WDOTsVCOMs (1) s THETE GLT10660
~ IF (LOOP,GT.1) GO TO 24 - - GLT10670
THETA=VALUF (8) | GLT10680
VALUFE(14)=VXE]I ‘ GLT10690
Ny VALUE(15)=THETEI ‘ GLT10700
.  VALUE(16)=vzCI - - - ! GLT1oz;g_
VALUE(17D=PHIEI GLT10720
VALUE(18)=040 B GLT10730
VALUE(19)=0.0 . T GLT10740
IF (MODEHFQ.0) VALUF(19)=PsIC GLT10750
24 G=GG*( (RADE / (RADE+H) ) %%2 ) GLT10760
C D-UJ GLT10770
~ DERN(1)=-G*STHE+R%*V— Q*W+FX/AMAS§ — GLT1078n
¢ D=V . GLT10790
[ DERN(2)= G*FTHF*SPHI+D*M—R*U+FY/AMA§< GLT10800
C  D-W GLT1081n0
B DERN(3)=G*CTHE*CPHI+Q%U~- P*V+FZ/AMASS h GLT10820
£ DR n __GLT10830
X1ZI=xXI*71 GLT1084n
PO = P*Q - - . GLT10850
QR = Q%R GLT10860
DERN(6)=XT /(XIZI=XZI*¥XZI)¥(XZI/XT *((YI-ZI)* B GLT10870
1TQR+XZI*¥PQ+FL)+((XI=YI)*¥PO-XZI*QR+FN)) GLT10880
C D-P - - GLT10890
"DERN(4)=((YI=ZT)%*QR+XZTI*(DFRN(6)+PQ}+FL)/XT GLT10900
C D-Q _GLT10910
DERN(5)=((ZT=XT)%P*¥R+XZT1* (R¥R—P*P)+FM) /Y] GLT10920
. X= Q®SPHI+R*CPHI GLT10930
C D-PSI ‘ GLT10940
- DERN(7)= X/CTHE B ) ‘ GLT10950
~ C  D-THETA ' ‘ GLT10960
) DERN(8)=0%CPHI-R*SPHI ‘ . ) GLT10970
C  D-PHI I ~ GLT10980
) ~ DERN(9)=P+X*STHE /CTHE GLT1099n
C D-XR GLT11000D
 DERM(10)=UR . _GLT11010
C D-YR GLT11020
~ DERN(11)=VR . . ‘ - d GLT1lQ3OW
C  D-ZR | GLT11040
. ~ DERN(12)=WR J . GgTLlQéﬂ
C D-M ‘ GLT11060
. DERN(13)=-WDOT - o . GLT1l070_
DERN(14)=VCOM(1)=-VXVH GLT11080
"DERN(15)=THETE " GLT11090
DERN(16)=VCOM(3) GLT11100
 IF (NTYPE.LT«2) GO TO 35 -  GLT11110
C LONGTTUDINAL CASF GLT11120
o _DERN(2)=0.0 B o GLT11130
DERN(4)=0e0 GLT11140
_ DERN(6)=0.0 o o _ GLT11150
DERN(9)=0.0 GLT11160
B ~ DERN(17)=0.,0 |  GLT11170
DEPN(18)=0,0 | GLT11180
_DERN(191)=0.0 1 - GLT11190
RETURN GLT11200
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325 DERN(17)=PHIE B 8 e  GLT1121n
IF (MODFEWLEQ.1) GO TO 40 GLT11220
DERN(18)=(ADD(12)%PHIC-PHICI) /ADD(14) S GLT11230
DERN(19)=PHICI GLT11240
~ RETURN S GLT11250
40 DERN(18)=(ADD(13)*PHIC-PHICI)/ADDI(15) GLT11260
DERN(19)=(BETA-BETAI)/ADD(19) GLT11270
RETU-N S o . T GLT11280
- END B GLT11290
T $IRFTC ATMOSS LISTSDECK ~  GLT11300
SURROUTINE ATMOS(Z +sTMsSIGMASRHO s THETA sDELTASCAsAMU$K) GLT1121n
~C  CALLING SEQUENCE ' “GLT11320
C CALL ATMOS(ZsTMsSIGMASRHOSTHETASDFLTASCASAMULK) B GLT1133n
C z = GEOMETRIC ALTITUDE (FT) ’ GLT11340
e ™ = MOLECULAR SCALF TEMPFRATURE (DEGREFS RANKIN) GLT11350
C THETA = RATIO OF TEMPERATURE TO THAT AT SEA LEVEL GLT11360
~ C  DELTA = RATIO OF PRESSURE TO THAT AT SEA LEVEL - BLT11370
C CA = SPEED OF SOUND (FT/SECQ) GLT11380
c AMU = VISCOSITY COEFFICIENT (LB-SEC-FT*%2) - GLT11390
C K = 1 NORMAL, GLT11400
C = 2 ALTITUDE GREATER.THAN 300000e FTes o o GLT1141l0
C = 3 ALTITUDE NEGATIVE, GLT11420
C = 4 FLOATING POINT OVERFLOW, - GLT11430
C = 5 ALTITUDE GREATER THAN 200000. FTe AND FLOATING POINT OVFRFL.GLTI11440
: GLT1145n
DIMENSION HPRIMPR(11)sTMB(11)sSIGMAR(T1)+ALM(11) GLT11460
DATA HPRIMR/0404+360894239+82020499741541994480,1738844510s  GLT11470
125918643505295275¢500+344488¢190050249344380+557742,780,656167.0980/GLT11480
-  25TMB/518.6884+389.988,389.988:508.788,508,788,298, 188,208, 188,  GLT11490
340641889223866188+25664188:28364188/+SIGMAB/1400:2¢9706958E-01, GLT11500
4342665751E-025142117870E-03,5,8677311E-N4,1., 73201‘6t 05, ~_GLT11510
51+7928595E~0639e3921519E~08+74+76585903E~10+5e6324877F~105 GLT11520
62e5726771E-10/+sALM/~0400356616304050400164592+040,-0.00246888,0.0,GLT11530
T 70.0021945650.010972805040054864050400274320504001520247 GLT115 ao
DATA Q/04018744176/+RE/2e0855531E07/s5/198472/ GLT1155
1AMUZ/3.7372998FE-07/.RH0Z/0.0023769/+TMZ/518.688/ ' LTVT?E?
B K=1 B I « - 7CLTTL“U1
IF(7)26418417 GLT11580
26 K 3 PLT]-‘C[({P
o GO To 13 . ’A a GLT11600
17 IF(ZeGTe2000004) K=K+1 GLT11610
18  HPRIM=(RE/(RE+Z))*Z GLT11620
g9 DO 10 M=1,11 I - ~GLT11630
IF(HPRIM-HPRIMB(M) ) 11412410 GLT11640
10  CONTINUE - - - - GLT11650
M=12 GLT11660
11 M=M—1 GLT11670
12 IF(ALM(M))144+15.14 GLT11680
14 TM=TMB(M)+ALM(M) % (HPRIM=HPRIMB(M)) - o  GLT11690
SIGMA=FEXP((140+(Q/ALM(M) V) *(ALOG(TMR(M) /TM)))*STIGMAB(M) GLT11700
GO TO 20 GLT11710
15 TM=TMR (M) ~ GLT11720
SIGMA=SIGMAR(M)¥EXP (—( Q% (HPRIM—HPRIMB (M) ) ) /TMB(M))  GLT11730
20 RHO=RHOZ*SIGMA GLT11740
THETA=TM/TMZ GLT11750
" DELTA=SIGMA*THETA T GLT11760
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,,,,,  CA=49,02177*SQRT(TM) - GLT11770
AMU=AMUZYSORT(THETA**3) % ( (TMZ+SA/( TM+S)) GLT11780
~ CALL OVEKFL(J) - GLT11790
GO TO(16413)sJ GLT11800
16  K=K+13 alTi181n
183 RETURN GLT11820
END B o ) - 6L 711830
 SIBFTC ALINL LIST.DECK GLT1184n
~ SUBRQUTINE ALINE(NsXsYs ANEW s YNEW)Y GLT11850
C 33 3336 3 J K 363 336 23030336 3 B X R HH KM R R R RN FH RN RN RN AR R XK AR A XX XX RG] T] 1RAD
C SUBROUTINE CALCULATES A XNEW VALUE USING LINEAR INTERPOLATION B GLT11870
C PLACED IN MAIN LINK GLT11880
~ COMMON/BEND/NEND S ‘1LT1 1890
COMMON /BTAP/NINSNOUT GLT11900
~ DIMENSION X(2)sY(2) : B GLT11910
DO 1 I=24N GLT11920
J=1 GLT11930
IF(Y(I)aGTaYNEW) GO TO 2 GLT1194n
1 CONTINUE ) _ GLT11950
N XNEW=X (J) GLT11960
NEND=2 GLT11970
N ~WRITE (NOUTs3) YNEWSY(N) - GLT1198n
3 FORMAT (10X,34HTHE VALUE FOR LINEAR INTERPOLATION El5.8s  GLT11990
1 25H EXCEEDS THE ARRAY VALUE El15.8) GLT12000
- RETURN __6LT12010
2 XNEW=X(J)=(Y (D) =YNEW) Z(Y(J)=Y (J=1) ) (X (J)=X(J=1)) GLT12020
N RETURN - __GLT12030
END GLT12040
_SIBFTC A4TAN LISTsDECK __ GLT12050
FUNCTION ATAN&4(XsY) ) GLT12060
~C  SUBROUTINE CALCULATES ARCTANGENT VALUES FOR ALL VALUES IN 4 QUADRANTGLT12070
C USES ATANZ2 GLT12080
~ C  PLACED IN MAIN LINK _GLT12090
C*%**N****%**%%***w*aw****?*%*****%**%******%%%%*****%%*%#**%**#%%%**%¥erT1210n
s DATA PI2/1e.5707963, | oo GLT1211l0
IF (YeNE«DS0Q) GO TO 5 GLT12120
. ATAN4=STIGN (PI2,X) = I _GLT12130
RETURN GLT12140
5 ATAN4=ATAN2(XsYyy o - GLT12150
RETURN GLT12160
~_END B i CLTT@l?Q_
$IBFTC STABRC LISTsDECK LT12180
SUBROQUTINE STAB (TH) ¢ FLT12100
CCE R RHNFHHNK K WX RN R RN R HTH R H N R H RN AR RS R R RN X XEXG| T12200
C SUBROUTINE FOR USE WITH VIDE 6 DEG@EEQ OF FREEDOM —-KAMAN AVIDYNF GLT12210
~C  CALCULATE CONTROL ANGLES AND CALLS VEHICLE SUBROUTINES - - GLT12220
~ C PLACED IN VIDE (6-D) LINK GLT12220
C SUBROUTINE CALLED FROM DEVé6 T GLT1224n0
C*%%****%*K***a%*%********w**r%*x% €363 33 36 3 363 336 ¥ *%*L**”**%*%w¥** FHEXFAXGLTI2250
COMMON /BAUTOP/THETE » THETCavcﬂM(3)aVXVH,VYVHavxEI,V7CI,THFTFI~ GLT12260
B 1 N YNOM ¢ ZNOM o VXNOM s VYNOM s VZINOM o GV X s GVY s GVZ s GYXL o GV YL sGVZ L s  GLT12270
2 XXaPHI:T,PHTC PHTICT oPSICePSTRSRETAT 4 VXCOMaVYCOMeMODE s PHTE GLT12280
o ~ COMMON/BDEVE/A(2343) s ALPHA s AMACH s AMASS 4B o BETA4CaCL s CMsCN,  GLT12290
1 CXoCY9sCZosDDASDDE+sDDF ¢DDRsDNASFL aFMaFNoFXoFYsFZsGAMR sP 4PHI aPST o GLT12300
2 QsRsRLAMBIRHO ¢S sSOFSsTHETASURSVA(3) s VRoVTASYTRsWRIXTaXRaXZI s GLT12310
9 YIsYR9ZIaZR9WDOT oKTR GLT12320
A - 23
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CONMON/BPHASE/NCON,MCON(70)sMPHAS

EsNPHASE sPHASE (20) sEXTRA(20) s

1 ADD(20) 4NEXT

COMMON /BSTAB/LOOP ‘

COMMON /BTARL/NDDsNVCsDA(30) sDFE (30

XV((?ﬂ)aYVC(B“)-ZVCJ

) sDF (30) sDR(30) s TDD(30) o
2NY JVXC(3D)Y s VYC(3N)aVZC (3N o

N =

cvx(ao),cvv<3ﬂ).cvzd

- COMMON/BTITLE/TITLE(12)sNRUNSNTY
XX=SQORT (XR*¥XR+YR*YR)

30) 4sCVXL(30)sCVYL(30),CVZL(3N)

f”N‘ﬁ‘N T.NTABL sNPAGE

IF (NPHASE.NE«1) GO TO 200

IF
IF (EXTRA(1)elLTel00s0) XX=T

"CALL ALINE(NDD+DEsTDDsDDE +XX)

COMMON /BTAP/NINSNOUT |
YA
|
|

CALL ALINE(NDD4DF»TDD4DDF s XX) |

|

PAGE

000022
GLT12330
GLT12240
GLT12350
GLT12360

GLT12370

GLT12280

GLT12390
CGLT12400
GLT12410

GLT12420
GLT12430

GLT12440
GLT12450

NO .

(NVCaCVXL s XVCaGVXL aXX)

A

IF (NTYPE+EQe2) GO TO 390 GLT12460
~ CALL ALINE(NDDsDAsTDD,DDA sXX) - GLT12470
CALL ALINE(NDDsDRsTDDsDDRsXX) GLT12480
GO T0O 400 o _ GLT12490
200 IF (NPHASF.NE.2) GO TO 300 GLT12500
120 CALL ALINE(NVCsVXCaXVCsVXCOMoXX) | N _GLT12510
CALL ALINE(NVC,VYCoXVCaVYCOMsXX) | GLT1252n
CALL ALINE(NVCsVZCsXVCoVCOM(3) sXX) S GLT12530
150 CPSI=COS(PSI) GLT12540
. h SPSI=SIN(PSI) ) . __GLT12550
VCOM(1)=VXCOM*CPSI+VYCOM*SPSI GLT12560
VCOM(2)==VXCOM*SPST+VYCOM*CPSI B GLT12570
THETC=ADD(5)* (VCOM(1)=VXVH+ADD( 4)*VXET) GLT12580
~ THETE=THETC-THETA-ADD(2)*Q  GLT1259n0
"DDE=ADD (1) % (THFTFE+ADD(3)%THETEI) GLT1260C0
 DDF=ADD(6)*(VCOM(3)-WR+ADD(7)*(VZCI-7R)) B _ GLT1261n0
"~ IF (NTYPE.EQe2) GO TO 390 \ GLT12620
PHIC=ADD (8)%(VCOM(2)=VYVH) | - B GLT12630
PHIE=PHIC-PHI-ADD(Q)*P ‘ GLT12640
DDA=ADD(10)%(PHIE+ADD(11)*PHIETI) | o o GLT12650
IF (MODE«EQel) GO TO 250 ‘ GLT12660
DDR=ADD(18)%(PHICI+ADD(16)*(PSIC=PSI+PSIR)-R) -  GLT12670
GO TO 400 GLT12680
250 DDR=ADD(18)*(PHICI+ADD(17)*BETAI~-R) o GLT12690
GO TO 400 GLT12700
300 IF (NPHASE.NE.3) GO TO 500 - - GLT12710
320 CALL ALINE (NVCsZVC sXVCsZNOMsXX) GLT12720
 CALL ALINE (NVCsVXCeXVCsVXNOMsXX) GLT12730
C HOVER MODE FOR RANGE LFSS THAN EXTRA(?2) GLT12740
IF (XXeLTeEXTRA(2)) VXNOM=-SIGN(VXNOM,XR) GLT12750
CALL ALINE (NVCsVZC sXVCsVZNOMsXX) GLT12760
CALL ALINE (NVCsCVXaXVCsGVXsXX) S GLT12770
CALL ALINE (NVCsCVZaXVCsGVZsXX) GLT12780
DELZ=ZR—-ZNOM | GLT12790
VXCOM = VXNOM—=GVX¥*DELZ \  GLT12800
VYCOM = 040 \ GLT1281n
- VCOM(2)=VZNOM=GVZ*DELZ | GLT12820
IF (NTYPE.EQ42) GO TO 150 GLT12830
~CALL ALINE (NVCsYVCXVCaYNOMsXX) - GLT12840
CALL ALINE (NVCsVYCsXVCsVYNOM4XX) GLT12850
- CALL ALINE (NVCsCVYoXVCsGVYsXX) - GLT12860
DELY=YR—-YNOM ‘ GLT12870
- CALL ALINF B ~ GLT12880 |
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 CALL ALINE (NVCsCVYLsXVCsGVYL sXX) - GLT12890
CALL ALINE (NVCsCVZL aXVCsGVZL +XX) GLT1290n

- VXCOM=VXCOM=GVXL*DFLY - GLT12910
VYCOM=VYNOM=GVY*DELZ-GVYL*¥DELY GLT12920
VCOM(3)=VCOM(3) -GV ZL*¥DELY GLT12930
GO TO 150 GLT12940

390 DDA=0.0 - - _ GLT12950
DDR=0e0 GLT12960

400 CALL VEAD4 o GLT12970
IF (LOOPNE.1) RETURN GLT12980
THETC=THETA GLT12990
- THETE=0.0 GLT13000

~ THETEI=DDE/(ADD(1)%*ADD(3)) GLT13010
VXEI=THETA/(ADD(4)%ADD(5)) GLT13020

. VZCI=DDF/(ADD(6)#ADD(7))+ZR GLT13030
IF (NTYPFeFEQe2) RETURN GLT13040
PHIEI=DDA/(ADD(10)*ADD(11)) __GLT13050
PHICI=0.0 GLT13060

BETAI=0.0 o _GLT13070
PSIR=0.0 GLT13080

- ~ PSIC=0.0 o . _GLT13090
IF (MODE4EQs1) RETURN GLT13100
PSIR=PSI . GLT13110
PSIC=DDR/(ADD(18)%ADD(16)) GLT13120

RETURN _ GLT13130
500 WRITE (NOUTs510) NPHASE GLT13140

510 FORMAT (1H1445HNPHASE GREATER THAN 3 NOT ALLOWED —— NPHASE =,13) GLT13150
NEND=? GLT13160
RETURN GLT13170
B END GLT1318n
~ SIBFTC V4  LISTSDECK  GLT13190
SUBROUTINE VEAD4 GLT13200

- COMMON /BAUTOP/ THETE s THETC s VCOM( 3) s VXVHs VYVH s VXET sVZCI 3 THETE I &  GLT1321n0
1 YNOM s ZNOM s VXNOM s VYNOM s VZINOM s GVX o GVY s GVZ s GVXL s GV YL s GVZL s GLT13220

- 2 XX sPHIET o PHICsPHICI 4PSICoPSIRL,BETAI s VXCOMsVYCOMsMODE s PHIF GLT13230
COMMON /BBLOC4/STG(1296) GLT13240

~ COMMON/BCONST/GGsRADE 4DHsQRHOS GLT13250
COMMON /BDEVE/A(393) s ALPHA s AMACH s AMASS oBoBETA9CaCLsCMsCN GLT13260
B 1 CXsCYsCZsDDASDDESDDF4DDRsDNASFL 9FMsFNsFXsFYsFZsGAMRSPPHI4PSTs  GLT13270
2 QsRsRLAMBIRHO sS+sSOFSsTHETASURSVA(2) VR sVTAsVTRsWR o XTI oXR X7 1 GLT13280

3 YIsYR9ZIsZRsWDOT LKTR

COMMON /BEND/NEND
_COMMON /BPHASE /NCON »MCON(20) sMPHAS

FLT1??00

EosNPHASE sPHASE(20) sEXTRA(20) s

1 ADD(20) sNEXT
~ COMMON /BSTAR/LOOP

COMMON /BSUB/SAVE (36)s11sARGL»ARG2
COMMON/BTAP/NINsNCUT

s ARG3sMINTBLsMAXTBL

COMMON/BTITLE/TITLE(12)sNRUNSNTYP
COMMON/BWIND/ALT(220) o WX (220) sWY(

E+NPRINToNTABLsNPAGE

220) s WZ(220) e NWIN.W

XX sWYY sWZ7

COMMON /V4ARBL/L1(36)sL2(36) sNLIMPT,

S{37)

CONl ~~~~ M/SEC TO KNOTS -
CON2 DEG TO RAD
CON3 FT TO M
CON& IN TO CM

~ CONS. M/SEC TO FT/MIN S
CONG NORMAL MASS

A
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\J L T ]_ 3_35.1_
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DATA CON1sCON2sCON3sCONL9yCON5/10942840e017450003N4852454419648504/GLT13450
1 sCON6/607840/ GLT13460
G=GG*(RADE/(RADE-ZR) ) ¥%2 - GLT13470
VXVHA= (UR=WXX) *COS(PSI )+ (VR-WYY)*SIN(PST) GLT13480
VZA—\A’R—\[«’7Z - B - F[_‘H lef@:\_
o ~ ARG1=CON1#ARS(VXVHA) GLT13500
IF (ARG1.GTe140.0) GO TO 33 i G6LT13510
ARG2=CONS*VZA GLT13520
IF (ARS(ARG2)«GT«150040) GO TO 34 GLT13530
. ARG3=0.0 GLT13540
CALL THRS4 GLT13550
a I i=1 - GLT13560
30 MINTRL=IT GLT1357n
. MAXTBRL=T1T1 - GLT13580
CALL TABLES(STGsL1sL2sNUMPTS) . - - GLT13590
) IF (IT.EQ.18) GO 1O 31 | - GLT13600
IF (IT1«FQe36) GO TO 8 GLT13610
==  II=T11+1 - -  GLT13620
_J_Q"LQNBQV__ - B GLT1 ?69" |
31 THETO=CON2%*SAVE (1) GLT13640
_ STHEO=SIN(THETOYy I GLT13650
CTHEO=COS(THETO) GLT13660
IF (NPHASE.EQe1l) GO TO 315 7VWQL51§§70
IF (LOOP.EQel) GO TO 40 LT13680
315 IF (DDE«GTe545%CON&4) DDE=5,5%CON4& - rLI1}eQn
"IF (DDEelLTe-5e5%CON&) DDE=—5.5%CONL GLT13700
~ IF (DDFeGTe12.8%CON4) DDF=1248%CON4 B - GLT13710
IF (DDFeLTe040) DDF=0,0 GLT13720
32 DELE=DDE/CON&4-SAVE (17) o _GLT13730
DC=DDF /CON4—~SAVE (18) GLT13740
| Qy:(vﬂ(l)-VXVHA*CTHFO+VZA*§THFOW/CON3 B _GLT13750
W= (VA (2D=VXVHA*STHEO-VZA*CTHFOH/CON?3 GLT13760
B _FX CQN@flﬁjﬁjﬁEQjE@ﬁQi(SéyE(2)*DU+SAVE(31%QW+SAM§(4)*Q ) _GLT13770
1 +SAVE (5)%DELE+SAVE(6)*DCY) GLT1378n
FZ=CONE*U—G*CTHEO+CON3% ( SAVE (7)*DU+SAVE ( 8) #DW+SAVE (9)*Q GLT13790
= = 1 +SAVE(10)*DELE+SAVE(11)%DC) & B  GLT13800
Rl FM=YI*(SAVE(12)*DU+SAVE(13)%DW+SAVE (14)%Q+SAVE (15)%DELE B _ GLT1381n
1 +SAVE(16)%*DC) FLT1?82h
IF (NTYPFu«NFa2) GO TO 7 GLT13830
B  FY=0.0  GLT13840
FL=0«0 GLT13850
 FN=0.0 GLT13860
RETURN - B - GLT13870
40 DDE=SAVE (17)%CON4 GLT13880
- DDF=SAVE,18)%CON4 B - ) G[_’r?’%qQﬁi
THETA=THETO GLT13900
GO TO 32 GLT13910
50 DDA=SAVE (35)%CON%& ~  GLT13920
) DDR= SAVF(%G)%CON4 GLT13930
GO TO 90 . T GLT13940
¢ II=Ii+2 000 _ GLT13950
GO TO 30 - GLT13960
8 IF (NPHASE.EQ.1) GO TO 85 GLT13970
IF (LOOP+EQel) GO TO 50 GLT13980
85 IF (MODEL.FQel) DDR=DDR+CON4*SAVE (B6) GLT13990
IF (DDA«GT«32e6*CON4) DDA=2,6%CONL GLT14000
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B IF (DDA, LT.—3 6%CON4) DDA==3.6%CON4 GLT14010
IF (DDReGTe243%CON&) DDR=243%CON& GLT14020
B ~_IF (DDR. LT.72.3*C0N4) DDR=-243%CON& - GLT14030
90 DALF=DDA/CON4-SAVE (35) GLT14040
 DELR=DDR/CON4=SAVE (36) _ GLT1405n
VPRIMFE=VA(2)/CON3 GLT14060
 FY = CON6 * (SAVE(20)%VPRIME+SAVE (21 )%P+SAVE (22)8R+SAVE (22)%DALF GLT14070
1 +SAVE (24)%DFLR) GLT14080
 FL = XI%(SAVE(25)%VPRIME+SAVE(|26) %¥P+CAVE(27)%R+SAVE(28)¥DALF+ GLT140090
1 SAVE(29)#DFLR) GLT14100
FN = ZI%(SAVE(30)%VPRIME+SAVE ((31) #P+SAVE (32)%R+SAVE(32)%DALF+ GLT1411n
1 SAVE(34)%DELR) GLT14120
GO TO 500 - GLT14130
33  WRITE (NOUTs35) ARG1 - GLT14140
35  FORMAT (1H +29HARG1 OFF TARLE WITH VALUE OF El4.6) GLT14150
GO TO 499 GLT14160
34  WRITE (NOUT+36) ARG? _ GLT14170
36 FORMAT (1H ,29HARGZ2 OFF TABLE WITH VALUE OF Fl&4.6) GLT14180
499 NEND=3 - - - GLT14190
500 RETURN GLT14200
~_END - - - GLT14210
$IBFTC TRS4 LISTsDECK GLT14220
SUBROUTINE THRS4 GLT14230
o COMMON /BBLOC4/5TG(1296)  GLT14240
~ COMMON/BDEV6/A(333) sALPHA s AMACH S AMASS sBsBETASCoCLCMsCNs GLT14250
1 CXsCYsCZsDDAsDDE sDDF sDDRsDNAoFL sFMeFNsFXsFYsFZ s GAMRsP s PHI sPST o GLT14260
A 2 Q>RHRLAMB,IRHO$SsSOFSs THETASURsVA(3) s VRoVTAsVTRoIWRs XTI 9XRsXZIs  GLT14270
3 YIsYRsZTI9ZRsWDOT HKTR GLT1428n
, ) COMMON/RSUR/SAVE (36)sT1sARGLsARG2sARG3sMINTBLs MAXTRL GLT14290
COMMON /V4ARBL/L1(36)sL2(36) sNUMPTS(37) GLT14200
GO TO (1s2)sKTR . _GLT14310
1 WDOT=040 GLT14320
e RETURN | o - GLT14330
2 I1=19 GLT14340
B MINTBL=IT __GLT14350
MAXTBL=IT GLT14360
CALL TABLES(STGsL1asL2sNUMPTS) - B GLT14370
WDOT=SAVE(I])%*.4536/3600,0 GLT14380
~  RETURN , B - GLT14390
END GLT14400
_ SIBFTC TABLE LIST.DECK GLT14410
SUBROUTINE TABLFS(STGsL1sL2sNUMPTS) GLT14420
C* -"9")('-""--“*“6-)‘-)(—"‘-)\"L**%%X*%***yé’-)("”*%‘(—"**¥%‘-¢%‘**%*9c*%*%*%7¢%%‘f“’"%’(—’ L%s—%»w‘!--}’-)'--}.’—-"-(‘LT] 44?0
C SUBPQUTINF INTERPOLATES TABLES IN VFHICLE SURROUTINE FOR THF 6-D SFCGLTI14440
C PLACED IN VIDE (6-D) LINK GLT14450
C ‘ GLT14460
C~X *%“%****%*‘%**&w%%**% **%%*-‘,(-%(--)(-%(-%*-)é%*%*-,‘(--)i-%a‘&**v‘%%%%*%%*%%%%**—%-}f-%%*%%*%{«9:—-‘,’-7"«,\(‘[ T14470
"COMMON /REND/NEND o B  GLT14480
- COMMON/BSUB/SAVE (36)s115ARGLsARG2s ARG3sMINTBL s MAXTRL GLT14490
~ COMMON/BTAP/NIN.NOUT - T GLT14500
B "DIMENSION STG(1)sL1(1)sL2(1)sNUMPTS(1) GLT14510
IF (MINTBL=MAXTBL) 41.100,73 GLT14520
41 DO 43 IITLU1=MINTBL sMAXTBL .  GLT14530
IJTLUL=NUMPTS(TITLUL)+1 GLT14540
 IF (ARG3=STG(IJTLUL)) 42444443 o - GLT14550
42 IF (IITLUL-MINTBL) 73s7%4+45 GLT14560
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43  CONTINUE GLT14570
GO TO 74 S GLT14580
45 IKTLUL=1 GLT14590
— ILTLU1=2 - - GLT1460nN

IMTLUI=TJTLUL GLT14610
' "GO TO 101 a GLT?LAZﬂ'
100 IITLUI=MINTBL T o GLT14630
44 IKTLUL1=3 o - - - R GLT14640
_ CILTLU1=3 __GLT14650
101 DO 97 IFTLUI=IKTLUL,ILTLUI GLT14660
TJTLUI=NUMPTS(TITLU1)+1  GLT14670
TOTLUI=LI(IITLUL) T GLT14680
- IPTLU1=IOTLUl+1JTLU] B B GLT14690
DO 77 IQTLU1=1.1I0TLU] GLT14700
INTLUL=TJTLULI+TIQTLUL . GLT14710
IF (ARG1-STG(INTLUI)) T76+78s77 GLT14720
76 IF (IQTLUL-1) 73+74,79  GLT14730
77 CONTINUF GLT14740
GO TO 74 o _GLT14750
78 IGTLU1=-1 GLT16760
Go tT080 - CGLT14770
79 IGTLULl=+1 GLT14780
_____ 80 IBTLU1=L2(IITLUL)  GLT14790
DO 82 IATLUl=1,IBTLU1 GLT14800
_ ISTLUI=IPTLUI+TATLUI ) o _ GLT14810
IF (ARG2-STG(ISTLUL)) 81,83,82 GLT14820
81 IF (TATLUI-1) 73474484 . - _GLT14830
82 CONTINUE GLT14840
GO TO 74 o _ GLT14850
83 ITHTLUl=-1 GLT14860
- GO TO 85 S o o _GLT14870
84 THTLUl=+1 GLT14880
85 IETLUI=IPTLUI+L2(IITLUL)+IQTLUL+IOTLUI*IATLUI-TOTLUL  GLT14890
IRTLULI=IETLU1-IOTLU1 GLT14900
IF (IGTLUL+IHTLUL) 864+88,91 B GLT14910
86 IF (STG(IETLUL)=-99999.EG) 87,75475 GLT14920
87 FCT=STG(IETLUI) . _GLT14930
GO TO 95 GLT14940
88 IF (IGTLUL) 89,73,93  GLT14950
89  IF (AMAX1(STG(IETLU1)sSTG(IRTLU1))=-99999.E9) 90575,75 GLT14960
90 FCT=STG(IETLUL)—(STG(ISTLUL)-ARGZ)*(STG(IETLUI)-STG(IRTLUL))/(STG(GLT14970
1ISTLUL)Y=STG(ISTLUI-1)) GLT14980
GO TO0 95 - GLT14990
91 IF (AMAXI(STG(TETLU1)sSTG(IRTLULY+STG(IETLUL~1)sSTG(IRTLUI=-1))=899GLT15000
1994E9) 92475.75 GLT15010

92 FCT=((STG(TISTLUL)=ARG2)*( (STG(INT
JLULI-1)=ARG1)I*STG(IRTLUL))=(STG(IS

LUL)=ARG1)®STG(IRTLULI=1)—(STG(INTGLT15020
TLU1-1)-ARG2)*( (STG(INTLU1)—-ARG1)GLT15030

2XSTG(TETLUI~-1)—~(STG{INTLULI-1 )}—ARC
3G(ISTLUL-1))* (STG(INTLUL)=STG(INT

TV *STG(IETLULI ) /((STG(ISTLUL) ~STGLT 15040
LU1=-1))) B GLT15050

~ GO TO 95 GLT15060
93 IF (AMAX1(STG(IFTLU1 ) s STGIIETLUL=1))=99999,E9) 94,75+75 GLT15070

T 04 FCT=STG(IETLUL)=(STG(INTLUL)—ARGL)*(STG(IETLUI)=STG(IETLUI-1))/(STGLT15080
1G(INTLU1’—STG(INTLU1 1)) GLT15090

95 GO TO (93+498499)IFTLUI ~ GLT15100
26 DUMSTG=FCT GLT15110
97 IITLULI=TITLUl-1 - T GLT15120
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98 CONTINUE . GLT15130
FCT=DUMSTG—(STG(IMTLUL)=ARG3)*(DUMSTG—- FrT)/(gTG(IMTLUl)—qTG(TJTLHlGLT13140

B TH e Sl ) GLT15150
99 SAVE(II)=FCT GLT15160

B GO TO 1001 - GLTI15170
T3 WRITE (NQUT,13) GLT15180

13 FORMAT (34H CALLING %FQUENFE STATEMENTS ERROR) _ GLT1519n0
GO TO 1000 o ~ GLT15200
74 WRITE (NOUTe14)MINTBLsMAXTRLsARG1sARG2sARG3 - GLT1521n0
14 FORMAT (17H OFF TABLE(S) NOelI2s2H —-T12s7H ARG1=1PE15e7+s7H ARG?2=F106 LT"”‘T"—70

1 54747H ARG3=E1547) GLT15

GO TO 1000 GLT15?4O

) 75  WRITE (MNOUT,15) MINTBLsMAXTBL,ARG1sARG2+ARG3 - _GLT15250
15 FORMAT (37H DISCONTINUOUS FUNCTION TABLE(S) NOeI2,2H =12, GLT1526n
17H ARG1=1PE1547,7H ARG2=F1l547¢7H ARG3=E1547) - GLT15270

1000 NEND=2 GLT15280
1001 RETURN _ G6LT15290
END GLT15300

SIBFTC DA40  LIST.DECK - GLT1531n.
BLOCK DATA GLT15232n0

L COMMON /V4ARBL/L1(36)s1L.2(36) s NLIMPTIS(37) o GLT1533n
DATA L1736%8/ GLT15340

. - DATA L2/36%3/ GLT15350
DATA NUMPTS/0+36972+108s144+18052169252:288+324936Ns3069432+468, GLT15360

- B 1 5049540 5769672964896849720975697929828986459009936,972leQ@iiﬁV‘HLT]567Q
2 10444+108041116+1152+118R,12244+1260,1296/ GLT15380

. n END_ ) - FLT153Q07

SIBFTC DA41 LISTL.DECK GLT1540

BLOCK DATA

COMMON/BBLOC4/STG(1296)

GLT75410

GLT15420

DATA (STG(I1)aI=1,108)/ GLT15430
e %04000000 50.N000NN +20.00000 540400000 560.00000 58000000 & GLT15440
%#10060000 512060000 414040000 4=1500.00 406000000 51500, 000 GLT15450
 ¥9.096150 384245610 264518040 244346800 41747070 204858000 5  GLT15460
B %¥=2484258 3=7420897 594306270 +84198340 464622350 244752270 . GLT15470
%¥20322940 314433870 9-2426671 +-6663310 384988100 +84138670 , GLT15480
=l  #60994710 354343400 534213520 224324450 9—1437613 5—5e74252 5 GLT15490
%¥0e000000 504000000 220400000 540400000 46000000 580400000 GLT15500
B _ %¥100.0000 51200000 514040000 4=1500.00 04000000 51500000  GLT1551n
#=0e02649 ,=0401935 +=0403260 s=00449]1 +=0s05277 »s=0e05277 GLT15520
o %*¥-0405277 3=0405277 +-0402540 5-0400181 »=0.02156 +-0.03604 o  GLT15530
#=0e04642 9=0405579 »=0e06456 2=0407206 50011430 +Ne022370 . GLT15540
#*=0e01281 5-0403179 4-0404306 +-04043206 4—004306 5-0e04306 o  GLT15550
#¥D«DO0OOCD «NeOONONON 20600000 440600000 46000000 o8NaONONND ("LT]‘: 6N
,,,,,,, __*¥100.0000 *TPO,QQQlelﬁO 0000 5=1500,N0 404000000 41500,000 , GLT15570
¥0e0T5050 904081220 404082090 +0.075210 +0e065680 +N0e065680 o T GLT15580
-  #04065680 404065680 ,0.054490 204068180 404082550 204089440 ,  GLT15590
%#¥0«0B5480 504103430 085230 20056660 406043680 +0e051110 GLT15600
 %0e106370C 504109190 {Lﬁlgﬁsao_,g.loésao 20106530 50.106530 /  GLT15610
DATA (STG(I)s1=109+216) GLT15620
%0000000 50.000000 420, Onnnmf.ao.Oﬂnnn 46000000 480400000 o GLT15630
#100e0000 512040000 514040000 5—-1500.00 0000000 515004000 GLT15640
 %04156330 50208750 504266900 04170580 540971700 46151000 5,  GLT15650
%41423900 3-0638179 40.601850 04749150 504875080 +0e849570 , GLT15660
_ %0e730790 514248720 40,776010 504251830 514025360 50939030 ,  GLT15670
¥1a555340 10459650 514370430 514888360 41415650 sNe891470 o GLT15680
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*¥0e000000 304000000 52000000 440400000 5,60,00000 580400000 &  GLT15690
*#¥100e0000 51200000 514040000 s=1500e00 504000000 515006000 GLT15700
xo 178420 5060162280 404144840 504162270 50181050 +=0e03466 GLT15710

—0402077 +-0400255 404176960 504139880 404123120 +0el42370 GLT15720
1 ro 164069_“:9 05165 +-0e03776 +=0401954 406166250 404123470 s  GLT15730

%#0e082230 404125930 406145990 3—0e06972 s—-0e05583 »+—-0e03761 » GLT15740

¥0e000000 504000000 220.00000 440400000 +60.00000 +80.00000 GLT15750

T %100.0000 .12ﬂ.knnﬂ'?iﬁﬁ“50ﬂo ﬂ—1ﬁ0hﬁﬁﬁ*,n.ooonoo +1500,000 T GLT15760
#1e169920 51040080 40,905700 40.788610 06625630 ,0.824280 o,  GLT15770
#0 4662680 206425690 ,1.2O4820 206974670 40879480 ,Ne802530 ., GLT1578nN
*¥0e683350 404882000 404720400 +04483410 41139280 +0e943520 GLT15790
*¥0e821260 40.880280 40827020 214025670 404864070 50e627080 7/  GLT15800

DATA (STG(I)sI1=217+,324)/ o - GLT15810
*¥0000000 40.0C0000 +20.00000 440400000 460.00000 s80.00000 GLT1582n0
#¥100e0000 512040000 514040000 3=1500.00 40000000 51500000 GLT15830
#¥0e043160 9—0402959 +=0.00971 204007370 504025200 30025200 , GLT15840
#0e025200 904025200 504060090 5=0412594 4—0.08296 s=0e02192 GLT15850

-  #0e013960 504060770 30.065460 +0.049800 »+-0413435 +-0423640 5  GLT15860
%*¥=0412619 4~0.02151 +0.017770 20e017770 404017770 504017770 _GLT15870
~ %#0.000000 ,Eiﬁhﬁdﬁh 220400000 440400000 460.00000 +80.00000 GLT15880
) #¥100e0000 512040000 414040000 5=1500.00 40000000 ,1%00 0nn _GLT15890
#¥=0452217 3-0660121 s-0s72925 +-0485332 +s=0,94171 s~0e94171 o GLT1590n
 #=0e94171 9-0e94171 5-0436933 3-0448339 4-0.63639 +-0.80152 , GLT15910
*¥=0e92055 9~1e00063 2—1404552 41410516 3—0428748 +-0e26321 , GLT15920
#¥-0e82254 4-0490575 4-0.98052 4-0498052 +=-0.98052 +-0.98052 ,  GLT15930
*¥04000000 40000000 +20.00000 440400000 460.00000 48000000 GLT1594n
- *loowrjpfq 91&”79000 9140.0(‘00 Q_ISOOQQQ QO.QOOOOO 91500.mpﬂ L 77CLT|QQ"~0
#=1¢N7268 9=1420010 9—1e25010 +-1438662 s—1e4T7426 +—1e87479 GLT15960
%¥=1491395 5-2413375 4=0e71511 +—1416872 4-1477844 5—1481400 5  GLT15970
¥—1e81986 5-2e22039 3-2425955 3s=2447925 5=0479039 +0e300600 » GLT15980
_ %=2.45731 5-2.40596 —2 42975 3=2483028 5—2.86944 5-3.08924 / | GLTjsoggh

DATA (STF(I)aI 325,422/ GLT16000
#¥0e000N00 20000000 +20HOOONQ o 40400000 26000000 +80.0N0N0 o uL_‘Hb"lﬁ

= p T%100.0000 2412040000 14040000 4=1500.00 404000000 ,1556155H‘J C GLT16020
*#¥0e054440 404160100 50,362180 504412960 404414720 ,N0e352860 GLT16030
%#00304250 504256880 3—0400407 404211880 304519430 ,Ne568200 , - GLT16040
#0e525270 306463410 404414800 304367430 406006150 404199960 GLT16050

B %0e948410 ;h‘?iii%ﬁ',o 715360 506653500 406604890 sNe557520 rLT18%§F‘
%¥04000000 ,04000000 520400000 540400000 +60.00000 58000000 & GLT16070

“%¥100.0000 512040000 +14040000 +=1500,00 40000000 51500000  GLT16080
¥=Te58650 5-T7e64041 +=8424770 +-84¢95410 +s=9470900 +—10448495, GLT16090
%¥=11¢306353-11e93005,=7¢43006 s—7423138 +—7e65410 »-8e52446 » ~ GLT16100
¥=9449005 5-1062660 5—=11.0874 4-11e7111 ,=7445257 ,~7438250 , GLT16110
¥~6435173 4-8.00004 ,—o N5358 4=9482053 4—10e650939~11e274673, GLT16120
#0e4000000 +0.000000 5,20,00000 540400000 460,00000 280.00000 GLT16130
$¥100e0000 212060000 314040000 5=1500¢00 +0eN00000 415004000 GLT16140

#0e002510 504001630 50.002210 5s=040N458 4—=0,00467 +—=0e00467 GLT16150
¥=0,00467 ,~0.00467 204006560 304006450 4—0.00587 +—=0.00670 o GLT16160
*#—=0e00582 5-0e00185 4=0e00120 4—0400089 40013080 +Na018630 GLT16170

%=0.00906 s-0.00696 +=0.00625 4=0400635 4-0,00635 +-0.00635 / ‘GLT16180

DATA (STG(I)s1=433,540)/ GLT16190

- *¥0.000000 40, 355%56’.20.00000 24000000 460.00000 280400000 o GLT16200
~ %¥100.0000 512040000 514040000 5=1500400 30000000 51500.000 GLT16210
¥-0.00148 504003270 ,0,007260 504007650 40007300 50007300 o  GLT16220
¥0e007300 204007300 3—0,00285 ,0.,009780 40016300 »Ne013630 GLT16230
*¥0e011540 +s0.,009560 50,007740 50.006910 ,0.003680 +0.034200 o  GLT16240

—
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*0e002280 404004690 40,006830 ,0,0068320 404006830 5N.006830 , GLT16250
*0e000000 506000000 220.00000 440400000 46000000 »80.00000 GLT16260
%¥100+0000 ,120.0000 914040000 5-1500.00 504000000 ,1500,000 , GLT16270
¥ =0e93433 3-1403020 +-1424040 +s-1437428 s~1042430 s-1052214 GLT16280
o %*=1.49278 5-1441781 ,=0.73173 3-0496002 +s-1.431158 5-1445996 s  GLT16290
*#¥=1452219 31462003 5=1e59067 +—1451570 +s-0.58241 +—0e81810 » GLT16300
¥=1448310 5~1456553 5=1462309 5-1472093 4=1469157 +-1.61660  GLT16310
- %0 noqnnn';n’ﬁdHEEQ‘__n 00686”,40.00000 460400000 ,80400000 o GLT16320
i {1OQMQQQQ 312060000 414040000 5=1500e0N0 404000000 51500000 4 GLT16330
C %0e374720 506379300 304400950 306438150 +0e465580 +0e490950 , GLT16340
#0e517580 304529880 504354470 506353640 504401440 504450220 5,  GLT16350
%0 e481350 904515720 504532350 404545650 06243630 »Ne306120 o GLT16360
*#0e438610 500471660 +0,503380 404337750 504555280 +04567680 / _GLT16370
DATA (STG(T)s1=541,648)/ GLT16380
%*0000000 504000000 52020000 40400000 460,00000 58000000 , GLT16390
%¥10040000 51200000 514040000 s=1500.00 0000000 »15004000 o GLT16400
¥—0e04570 3=0,03118 504019090 304036370 506042120 s0e021940 GLT1641m
¥0e014350 506009920 s=0e04765 +4—0404252 504045560 +Ne067760 s  GLT16420
- #04067250 504047070 304039480 304035050 43=0.05591 »=0416472 , GLT16430
"%¥04153680 304116200 +0,108840 ,n.n@aﬁéﬁ_,o.08843o 2N 084000 o GLT16440
*#04000000 50.000000 520400000 40‘0@00“ 260400000 8000000 GLT16450
T ¥100.0000 212040000 514040000 5=1500.00 50000000 51500, 000 GLT16460
#¥0e566110 304452490 404381660 504631830 416021150 +Nel81790 o GLT 6470
*#¥0 406900 90e585960 204665230 »—0406503 4-0,23516 »Ne288880 »  GLT16480
¥0e778170 5-0406119 304163920 ,0,342980 404030600 +—1.69234 , GLT16490
 %-0e56815 404115500 40.605650 +=0423371 s=0s00860 +NelT7N460 GLT16500
_ *0e000000 504000000 520.00000 40400000 460400000 580400000 o _GLT16510n
#¥10060000 512040000 514040000 +=1500.00 06000000 51500.000 o GLT16520
%6 4513010 566301310 354541680 254948450 264388860 57217460 GLT16530
#¥8e589520 510655994 454019590 344473460 +3e731350 526511110 o GLT16540
_ *34849170 444677770 564049830 58.020250 234898720 534250380 5 GLT16550
%#1e250710 304903470 51¢158810 91987410 436359470 55329890 / GLT16560
_ DATA (STG(I1).1=649,684)/ , GLT16570
*#04000000 504000000 42000000 ,404000NN 46000000 $80.0NNN0 GLT1658n
. *#1000000 512040000 5140,0000 ,-1500,00 ,0.000000 515004000 ,  GLT16590
%¥11024055 410764035 41022,741 410126939 410554591 +112842095 , GLT1660N
%#1270e255 915314148 492146850 485441230 476363410 473242630 o _GLT16610
¥755.1900 5827+8940 596948540 212304747 +79148486 71143020 » GLT16620
_*¥500e6865 547042615 349549614 356846654 s71046254 597145184 / GLT16630
END GLT16640
_ SIBFTC DA42 LISTsDECK _ GLT16650
BLOCK DATA GLT16660
r COMMON/BBLOC4/STG(1296) | - - GLT16670
DATA (STG(I)s+1=6854756)/ GLT16680
¥0+000000 504000000 420400000 540400000 560.00000 ,80.0N000 GLT16690
%¥100e0000 512040000 314040000 s=1500e00 40000000 915004000 o TGLT16700
_ *=0,020605+=0408482 3=0e1N0455 40412256 +=0s14842 ,—0.14842 , _ GLT1671n
*#¥—0e14842 4=0414842 4=0e026638s-04054N8 4-0,07986 +-0e11823 . GLT16720
%—0 e 1%121‘ﬁ—o 18040 3-0419766 5=0,23442 _;Q,E9535 -0.04068 o GLT16730
#=0611126 3=0415170 s-0618262 +-0418262 +-0418262 ,~ﬁ 18262 » GLT16740
. *¥0e000000 504000000 520400000 240400000 260400000 580400000 GLT16750
%#10060000 51200000 414040000 4=1500400 20000000 515004000 GLT16760
 *=0.40249 4-0.48197 +=0.63817 - 0!68143 s—0463180 +-0.63180 ,  GLT16770
r—o 63180 ,-0,63180 ,-0.76514 ,-0495618 ,-1.15981 ,-1.24824 , GLT16780
1123331_,—1,i3;o5,,—o.76619 5=0429372 +s-1.10440 ,-1430270 , GLT16790
%-1.7854O ~1.86230 ,-1.73270 ,=1473270 ,-1.73270 ,-1.73270 / GLT16800
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DATA (STG(1)s1=757+864)/ I - GLT16810
9’0 000000 y D« QO00N0 42046 f\ﬂﬂ(\ﬂ ./-1(7 ,Oﬂﬂﬂ 06000000 +80:00000 a GLT16820
#100.0000 ,120 0000 514040000 4=1500400 ,0.000000 515004000 , GLT16830
o %#=0e04204 404040520 4-0.06921 2—0p04086 504015140 +0e015140 & GLT16840
#0e015140 906015140 5=0e12517 +=0418179 5-0.20082 ,-0.12813 , GLT16850
T T%=0.05819 ,0.133800 ;0. 125140 s0.521250 ,-0.18435 ,-0.10796 | GLT16860
#¥-0e430137 5-0422815 ,-0.19244 ,-0:19244 4-0,19244 5-0.19244 GLT16870
*¥0.000000 40 nononm’,267d6065”{ﬁh.onono 260400000 280400000 o ~ GLT16880
#10040000 512040000 514040000 5=1500,00 40000000 51500,000 5  GLT16890
B  *#1.039500 1.042280 3 1o 040660 41.042660 41062870 314062870 . GLT16900
%#1e062870 514062870 404997940 504997000 406976730 506964260 & GLT1691n
%0 e969550 406971230 +1.016130 214102250 404980540 sNe97N4T0 o FLT16620
#¥04975610 50e896870 40.876750 50876750 ,04876750 sNe876750 GLT16930
¥0.000000 .5AKthﬁRhfzn 00000 +40.00000 460.00000 +80.0NNNNN GLT16940
 #100.0000 »120.0000 ,140,0000 »=1500,00 404000000 515004000 , GLT16950
¥04149820 148020 404128940 504118750 +04129380 ,0e129380 , GLT16960
¥04129380 ,0.129380 900146520 30.136340 406116520 20105830 » _ GLT16970
o #06098490 500116410 504138830 406152620 s04142500 406112170 » GLT16980
#¥0e097510 504073010 504070080 404070080 404070080 504070080 / GLT16990
DATA (STG(I1)+1=865+972)/ GLT17000
*¥0+000000 504000000 520400000 440500000 46000000 480400000 , GLT17010
¥100.0000 .]7“ 0000 414040000 4=1500400 40000000 415004000 . GLT17020
¥=0e02127 3=0.01846 4=0eN1978 ,-0402294 ,-0.02866 ,—n N2866 . GLT17030
T %-0.02866 ',-o 02866 1=0.00778 5-0.01305 +=0.01338 ,=0.01720 5 GLTI7040
*#¥=0e02442 3~0403188 4-0.04724 4=0,05080 ,-0,00996 ,~0 0n799 , GLT17050
*=0e00448 4-0.00371 4-0.00289 4—0L0N289 4-0.,00289 ,-0.00289 , CGLT17060
*¥DeQOODOND NeDONNND 42000000 +40,00000 ,6" O0NON 48000000 FLﬂ?ﬂ?ﬁ
"%¥100.0000 ;1§h.ﬁdnn 2140.0000 4=1500.00 404000000 +1500.000 ., GLT1708nN
 %#—0637496 5-0e40345 4-0,45470 ,-0,46318 5-0.42905 5-0.42905 » FLTLLQQQ_
#¥=0642905 3-0642905 s=0e50730 +s—0457483 3—-0.64045 4-0e65271 » LT17100
#=0.62549 5-0. azgga —0 41134 5=0423476 3-0463036 s-0.71659 , §L7171;Q_
¥=0a856876 +-0e48745 —0e79734 3=0479734 9—0e79734 +s—0e79734 GLT17120
%0, oqoggg‘.m.qppooo ,zo.coono 240400000 460400000 48000000 GLT17130
)‘100 0000 9120600N0 214040000 +=1500600 40000000 41500000 . GLT17140
_ *0e029Q70 404067980 304021130 +0.0374NN s0e070880 +Ne0N7N880 GLT17150
¥0eDT70880 404070880 s=0402297 9=0404571 +=0e405943 ,—-0eN2270 GLT17160
 *0e011720 504095310 406116590 404199550 4=0605234 3-0e02797 o GLT17170
—0a10977 4=0,07677 +=NeN5688 +—0,N5688 ,~0.05688 +-N.05688 / GLT17180
 DATA (STG(I)s1=973,1080)/ ) - o GLT17190
%0e000000 +0.,000000 220400000 s 40200000 460600000 480600000 GLT17200
) %¥10060000 41200000 514040000 5=1500.00 406000000 41500000 GLT17210
~ %0e481130 404482280 404482710 s0e484170 50491240 50491240 s  GLT17220
 %04491240 504491240 504465360 306465580 506459540 506455750 o GLT17230
¥0e458050 300458200 2044723540 304505280 50459030 sNe457050 o GLT17240
- #¥0e441700 406432300 404426300 204426300 204426300 20426300 GLT17250
#0+000000 504000000 520.00000 +40500000 46000000 +80.00000 GLT17260
#100e0000 412060000 414040000 4—=1500eN0 4NeDNNOND 41500000 GLT17270
*#-0e13312 »-0e13406 s-0414131 ,—0r145:6 s—0e 14455 4—0e14455 , "~ GLT17280
¥=0e14455 3~0a14455 4-0412638 3=0413036 3s~0.13422 +=0e13544 GLT17290
R ¥~0e13910 4=0413256 +-0.13248 +—04 14433 4-0412454 +-0e13516 o  GLT17200
#¥-0e12158 3-0413554 4-0613256 +=0413256 9-0.13256 +-0e¢13256 » GLT17310
~ *¥0.070000 ,0.000000 520.00000 540400000 ,60,00000 580.00000 , GLT17320
#¥100e0000 412040000 514040000 9=1500.00 40000000 51500000 o GLT17330
B ~%¥04001080 +0.000980 404000440 404000520 sNe000410 50000410 o T GLT17340
#¥0e¢000410 504000410 504000130 304D00370 4=000123 ,-0s00290 & GLT17350
- ~0600415 4-0400536 +—0.00377 +—0,00060 30001220 +-0+00016 "GLT17360
A
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T 02/13/70 30/80 LIST PAGE NO, 000032
*¥=0e0N236 3=0e400456 2=040NT06 +=000TNE +—0.00706 5=0.00706 / GLT17370

DATA (STG(1)s,1=1081,1188)/ GLT17380
¥0e000000 0000000 42000000 44000000 460,00000 280400000 o GLT1739n

T ¥100.0000 512040000 514040000 s=1500400 40000000 41500.000 , GLT17400
¥=0e02133 4=0602122 ,=0,02478 +=002754 s—0.03693 ,-0.02693 ,  GLT17410

T ¥-0.03693 3=0e03693 4001831 4-002076 +-0602598 +-0+03947 GLT17420
*#-0405344 5~0s06864 5~0e07797 3-0,07471 +~0402085 ,-0.01101 » _ GLT17430

T %=0a.02424 4=0404001 s=0405921 +=0.05921 +-0.05921 ,-0.05921 GLT17440
¥0e000000 504000000 $20.00000 540600000 460400000 +80.00000 GLT17450

T %100.0000 512040000 514040000 +—1500400 40000000 515004000 , GLT17460
%¥=0e07653 s=0e06348 s=0e07218 +s=0.07450 +=0,08262 +~0s08262 » GLT17470
¥=0.08262 9—0.08262 s=0e05847 s=0k05450 4=0.04597 ,=0405020 , GLT17480
#¥-0e05438 »=0e05078 +—0e08642 +=0,12617 +=0.04986 +s-0602575 5 GLT17490

.  #%-0.02287 ‘—m GQEThW”i% 03704 +~0L03704 +—0.03704 +-0e03704 GLT17500
¥0000000 50.000000 420,00000 440,00000 ,60,00000 ,80400000 GLT17510

: 10040000 412040000 514020000 +=1500400 504000000 315004000 GLT17520
B %¥0e030760 506030530 504029240 504028560 +0.029180 ,0.029180 5  GLT17530
¥0e029180 304029180 506030010 206029230 504027640 +0.026630 o GLT17540
 #¥0e026330 4304026960 204028570 s04021700 50029250 30027440 o _GLT17550
%#0e025800 504023850 504023130 504023130 506023130 ,0.023130 / GLT17560

DATA (STG(i),I*11§39;296)/ ) \ - - GLT17570
“#0+000000 50.000000 520.00000 540400000 460,00000 580400000 , GLT17580
 *100.0000 512040000 414040000 s=1500400 504000000 ,1500.000 , _ GLT17590
Ol 0183380 20¢183550 404183660 s0e184250 404187300 ,Nel87300 GLT1760N0
 #%041R7300 504187300 504175840 +0.175780 504172610 504170320 _GLTJﬁ@LQM
%¥0e171410 904171460 40,179330 904195360 504172850 +0e171490 LT17620
¥0e163730 304159060 404155400 204155400 406155400 +0e155400 GLT176997

T %#0.000000 50000000 $20,00000 +40L000N0 460.00000 »80400000 5  GLT17640
#100640000 512040000 514040000 5-1500,00 504000000 51500000 , chlzggg_

. ¥0e165670 206150810 304141810 904155350 404200650 50200650 5 GLT17660
¥04200650 506200650 306129830 s0e4084620 404091910 30134660 » GLT17670

T %0e179310 506297540 304441540 906497850 506092550 +0e 044450 GLT17680
#00014040 40,051770 30.098820 50.098820 +0.098820 50098820 GLT17690
"#¥0e000000 204000000 +20,00000 +40L00N00 46000000 ,80.00000 GLT17700
 *¥10040000 512040000 514040000 +-1500.00 ,0.000000 ,1500,000 ,  GLT17710

i ¥-04223383 +=0e21772 +s—0e28008 s=0442589 4=0,61869 +-0e61869 , GLT17720
¥-0e61869 »=0.61869 ,~ﬂ 17764 +s=0b04701 +=0408508 5-0633705 o GLT17730_
¥=0e61293 3=0e75397 3=1e04713 4-1414123 4-0.07915 +Ne329280 , GLT17740
%0 069180 9=0619696 4-0,43185 3-0,43185 4-0.43185 4-0.43185 / GLT17750
END GLT17760
__BORIGIN  PLACE B  GLT17770

$IBFTC PLOTR  LIST.DECK GLT17780

LE SUBRQUTINE PLOTER (NTAPE) . - GLT17790

C SUBROUTINE TO CONTROL PLOTTING OF DATA GLT17800

C CALLED FROM #*VIDEx - - GLT17810

€ GLT17820
C_ SAVE VALUES IN ORDER ARE Te Xs Ys Zs PSIs THETAs PHI, ALPHAs BETA. GLT17830
C WHERE I = 1 2 3 &4 5 6 ) 3 GLT17840
7C’ | - S A S ~GL T17R‘:ﬂ !
C URs VRs WRs AGSs YNs 7N, THETAC. PHICs VXCs VYCs VZC, GLT17860
@ 10 11 12 13 14 15 16| 17 18 19 20 GLT17870

C GLT17880
C DDA, DDC, DDE, DDR _ GLT1789%90
C 21 22 23 24 GLT17900
C - - B . - GLT17910
COMMON /BSAVE/ T(500)+X(500)sY(500)+Z(500)sPSI(500)sTHETA(500) » GLT17920
A - 33




~ 02/13/70

80/80 LIST

1 PHI(500),ALPHA(500)4BETA(500
2 YN(500)sZN(500) s
3 PHIC(500) sVXC(500) sVYC(500) 4
4 DDE (500) s DDR(500)

_COMMON/BTAP/NINSNOUT

THETAC(B500) o
7C(50C) sDDA(500) sDDCI500) »

"DIMENSION SAVE (500,24) sYTITLE(3) s
DIMENSION IBUF(360),TEMP(1002)s0R
EQUIVALEMCE (ORD1(1)

) s TEMP (1))
EQUIVALENCE (T(1)sSAVE(1,1))

YTIT(3515) sNCHAR(15)
D1(502)s0RD2(502)

DATA AXLENsAYL1sAYL2sAYL3sAYLSL /6
DATA (NCHAR(I)s1=1,15)/16417+3%10,

e0sl4e53s4e0352e551e99/5sINTEQ/O/
2%9,11,4%12,8,10,11/

— DATA (YTIT(1s1)s1I=1,15) /
17HCROSSRANGE (Y)s My
TI0HVY - MJSEC,
GHPST —,,_QEC °
11HTHETA DEG.,
12HDELTA-A - CM,

w N

16HALTITUDE (=Z), M,
10HVZ — M/SFEC,

10HVX — M/SEC,

OHPHI - DEGs
12HDELTA=R - CM,
12HDELTA-C = CM,

12HDELTA=E = CM,
10HBETA - DEG, B -

\\Johnb

8HAZ — G'S,

11HALPHA - DEG /

CALL PLOTS (IBUF.360)
CALL PLOT (0e0s+1140s-3)

CALL PLOT (0e09=11e0s=2)
(_L.L!"’l 49"‘3)

CALL PLOT

- REWIND NTAPF
10 NPTS=0

(NTAPE) NNNsNRUN
IF (NRUN.LTe0) GO TO 1000

20 READ

IF (NNNeLT40) GO TO 40
DO 30 I=1,NNN

36 FORMAT

NPTS=NPTS+1
30 READ (NTAPE)

(SAVE(NPTSsJ) sJ=1+24)

"GO TO 20
35 WRITE (NOUTs36) NRUNSNPTS

(//7719H #%xxxxxxxxRUN NO,

1 24HNUMBER OF DATA POINTS ( 1

13,16H NOT PLOTTED —-— o

5,26H ) EXCFEDS MAXIMUM ( 498 ))

~ PAGE NO.
HVX(500)5VY(500)5VZ(500)sAZ(500)

GO TO 10

40 FRUM=FLOAT(NRUN) B
IF (NPTS.GT«498) GO TO 35
PO 50 I=1,NPTS

CZ(I)==Z(T)
50 ZN(I)==ZN(I)

~ NP1=NPTS+1
~ NP2=NPTS+2

=2%NPTS
N2P1=N2+1

 N2=2%NPTS

N2P2=N2+2
CALL SCALE (XsAXLENSNPTS.+1)

CALL AXIS (D+04+040416HDOWNRANGE
1 X(NP2))

X)s Mo—16sAXLEN O OsX(NP1)

NPLT'T
AYL=AYL1

Ll=4
L2=15

ASSIGN 130 TO NST

100 DO 110 I=14NPTS

TEMP(I)=SAVE(I.L1)
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AND033

GLT17930
GLT17940
GLT17950
GLT17960

S— _GiL T ] 75:"‘___7 n

GLT17980
GLT17990

GLT18000

_GLT18010

GLT18020
GLT18030
GLT1804n
GLT18050 |
GLT18060
GLT18070
GLT18080
GLT18090
"GLT18100
GLT18110
GLT18120
GLT1813n
GLT18140

__GLT18150

GLT18160
GLT18170
GLT18180

_GLT18190

GLT18200
GLT18210
GLT18220
6l T18230

GLT18240
GLT18250

GLT18260
GLT18270
GLT18280
GLT18290
GLT18300
GLT18310

GLT183220

_ GLT18330

GLT18340

LT18350

GLT18360
GLT18370
GLT18380
GLT18390

GLT18400
GLT18410
GLT18420
_GLT18430
GLT1844n
GLT18450
GLT18460

GLT18470

GLT18480



02/13/70 80/80 LIST PAGE NO. 000034
- II=NPTS+I o . GLT18490
CTEMP(TII)=SAVE(T412) GLT18500
110 ORD2(I)=SAVE(I,4L2) o . R GLT18510
DO 120 I=1,3 GLT18520
120 YTITLE(I)=YTIT(INPLT) GLT18530
NCH=NCHAQ (NPLT) GLT18540
 CALL SCALE (TEMPSAYLSN2s+1)  GLT18550
CALL AXIS (0De0s0se0sYTITLEsNCHsAYLs90.0sTEMP(N2P1)sTEMP(N2P2)) GLT18560
- _ORD2(NP1W=TEMP(N2P1) _GLT18570
ORD? (NP2D=TEMP (N2P2) GLT18580
- ORD1(NP1)=TEMP(N2P1) - GLT18590
ORD1(NP2)=TEMP (N2P2) GLT18600
B CALL LINE (XsORD1sNPTS51++10,INTEQ) . G6LT18610
CALL LINE (XsORD2sNPTSs1ls O.INTEQ) nLTlsszn
- AE_QLO NgT’ (13091407160917091509220 +90N) B 7VVGL7T]_8‘53_Q__?
130 AYL=AYL2 GLT18640
L1=3 B GLT1865nN
LZ=1% GLT18660
. NPLT=2 o — . o _GLT18670Q
ASSIGN 140 TO NST GLT18680
 YNEW=AYL1+0.25 ) - __GLT18690
~ CALL PLOT (0e0sYNEWs=3) GLT18700
GO To 100 _ GLT18710
140 CALL SCALE (TeAXLENSNPTS.+1) GLT18720
DO 145 I=14,NP2 - - N GLT1873n
145 X(I)=T(1) GLT18740
CALL PLOT (QeDy—Ne2s— i - ~ GLT18750
CALL PLOT (0e85s0e0793) GLT18760
CALL PLOT (1e1550e0742) GLT18770
CALL SYMBOL (le590e0s Qel14s THNOMINAL sDeNe7) GLT18780
 CALL SYMBOL (44090e07+0e07sINTEQ20e0s—1) - _GLT18790
CALL PLOT (3¢8530.0753) GLT18800
-  CALL PLOT (41550e0752) - GLT18810
CALL SYMBOL (4¢580e030¢1448HRUN NDe 20e058) GLT18820n
CALL NUMBRER (99940599940430el44FRUUNsNeNs=-2y GLT18830
ASSTGN 155 TO NST1 GLT18840
.150‘§ALL,PLQIY(111411009“3) - _GLT18850
CALL PLOT (0e09=11e04=2) GLT18860
-  CALL PLOT (le4elelsa=3) < - - GLT18870
CALL AXIS (0eDaNe0Ds13HTIME (T)s SFCa=13sAXLENsOeOsT(NP1)W-T(NP?2)) GLT18880
GO TO NST1, (155,1805230,270) - GLT18890
155 NPLT=3 GLT18900
AYL=AYL3 - D ~ GLT18910
L1=12 . GLT1892n
L2=20 - - GLT18930
ASSIGN 160 TO NST . GLT1894n
GO 1O 100 -  GLT18950
160 ASSIGN 165 TO NST3 GLT18960
161 YNEW=AYL +0.05 I | - - B  GLT18970
CALL PLOT (NeNsYNEWs—3) GLT1898n
CALL PLOT (NeB8540e40743) o B o S GLT18990
CALL PLOT (14154040752) GLT19000
-  CALL SYMROL (15306000614 s9HCOMMANDED 40e0,49) " GLT19010
CALL SYMBOL (4406060730607 INTEQs0eDs~1) GLT19020
_ CALL PLOT (3485+0e07+3) o GLT19030
CALL PLOT (4e1540.07+2) GLT19040
A - 35




S 02/713/70 8n/80 LIST ~ PAGE NO. 000035
CALL SYMBOL (445406030414 36HACTUAL304046) GLT19050
~ CALL PLOT (0e040e20,-3) - CGLT19060
GO TO NST”)9(1659215) \WLT10070
165 L1=11 - GLT19080
L2=10 GLT1909nN
~ ASSIGN 170 TO NST B  GLT19100
NPLT=4 N - 6LT1911n
GO TO 100 - - GLT19120
170 ASSIGN 175 TO NST4 GLT19130
171 YNEW=AYL +0D.05 GLT19140
 CALL PLOT (0404YNEW,-3) __ GLT19150
CALL SYMBOL (2¢5404050e1498HRUN NOo 50e0+8) GLT19160
~ CALL NUMBER (999¢05999¢050e14sFRUNsOeOs—1) - _ GLT1917n0
CALL PLOT (0e0404204-3) GLT19180
GO TO NST4, (175,22542554295) - GLT19190
175 L1=10 GLT19200
A L2=18 o GLT19210
ASSIGN 150 TO NST GLT19220
_ASSIGN 180 TO NST1 o . _ GLT19230
NPLT=5 GLT19240
- GO TO 100 - . GLT19250
180 NPLT=6 GLT19260
L1=5 i ,,,GL11227”
ASSIGN 210 TO NST2 LT19280
190 DO 195 I=1,2 ) ) 2 oLT1929Qf
195 YTITLE(T)=YTIT(I,NPLT) GLT19300
NCH=NCHAR (NPLT)  GLT1931n
: . DO 200 I=1,NPTS GLT19320
200 TEMP(I)=SAVF(I,4L1)  GLT19330
CALL SCALE (TFMP+AYL sNPTSe+1) GLT1934n
- CALL AXIS (06040403 YTITLESNCHsAYLs9N0sTEMP(NPL)STEMP(NP2))  GLT19350
CALL LINE (TsTEMPsNPTSs1++10,INTEQ) GLT19360
. GO TO NST2, (1505210+240,52505260328052904+900)  GLT19370
210 ASSIGN 215 TO NST3 GLT19380
GO To 161 GLT19390
215 NPLT=7 GLT19400
_ Ll=7 R _GLT19410
L2517 GLT19420
. ~ ASSIGN 220 TO NST A GLT19430
GO TO 100 GLT1944n
220 ASSIGN 225 TO NST4 GLT19450
GO TO 171 GLT19460
225 NPLT=8 GLT19470
L1=6 GLT19480
4 | L2=16 B GLT19490
ASSIGN 150 TO NST GLT1950n0
_ ASSIGN 230 TO NST1 GLT1951n
GO TO 100 GLT19520
230 NPLT=9 GLT1953n
 AYL=AYL&4 GLT195%4n
el GLT19550
’ . ASSIGN 240 TO NST? ¥ ~  GLT19560
GO TO 190 GLT19570
240 YNEW=AYL+0.25 - GLT19580
CALL PLOT (0e0O4YNEW,— GLT19590
NPLT=10  GLT19600
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02/13/70 80/80 LIST PAGE NO. 000036
. Li=21 N __GLT19A10
ASSIGN 250 TO NST?2 GLT19620
GO TQ 190 I GLT19630
250 ASSIGN 255 TO NST4 GLT19640
GO To 171 GLT19650
255 NPLT=11 GLT19660
L1=22 ____GLT19670
“N - ASSIGN 260 TO NST2 GLT19680
GO TO 190 ~ GLT19690
260 YNEW=AYL+0.25 GLT19700
CALL PLOT (0DeOsYNEWs—3) GLT19710
[ NPLT=12 GLT1972n
L1=23 _ GLT19730
[ ASSIGN 150 TO NST2 GLT19740
~  ASSIGN 270 TO NST1 i  GLT19750
GO TO 190 GLT19760
270 NPLT=13 GLT19770
L1=13 GLT1978n
_AYL=AYL3 _GIL.T19790 |
ASSIGN 280 TO NST2 GLT19800
GO To 190 o _ GLT1981n0
280 YNEW=AYL+0425 GLT19820
CALL PLOT (0a049YNEWs=3) GLT19830
NPLT=14 GLT19840
L1=9 _GLT19850
ASSIGN 290 TO NST2 GLT19860
GO TO 190 N GL.T19870
290 ASSIGN 295 TO NST4 GLT19880
GO TO 171 GLT19890
295 NPLT=15 GLT19900
_Ll=8 . GLT1991a
ASSIGN 900 TO NST?2 GLT19920
GO TO 190 o G6LT19930
900 CALL PLOT (7elslle0s—3) GLT19940
CALL PLOT (0e0s~1140s=2) GLT19950
CALL PLOT (lebslelss=3 GLT19960
_ INTEQ=INTEQ+1 '  GLT1997n
GO TO 10 GLT1998n
1000 CALL PLOT (0e0eDe04999.0) GLT19990
RETURN GLT20000
END GLT20010
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Appenc

THREE-DIMENSIONAL ANAJ

MASS CENTER MOTION:

For purposes of guidance ar
usually adequate to predict the
aircraft while neglecting its ar
The latter mot

the mass center.

on a much shorter time scale the

B.1 MASS CENTER EQUATIONS OF M(

The forces acting on the he

components as shown in Fig. B-1

1ix B

LYTICAL MODEL FOR THE
S OF A HELICOPTER

D

1d performance analysis, it is
motion of the mass center of an
1gular motions with respect to
rions are assumed to take place

an motions of the mass center.

DTION

>licopter are lumped into four

T A
ROTOR NO FEATHERING
AIRCRAFT C. M. - PLANE
HORIZONTAL
» X
)
H (P=0)
v
mg
Fig. B-1. Forces Acting on a Helicopter
in the Vertical Plane




The equations of motion for a coordinated turn (i.e., no

sideslip) are:

v
mV\'(
(mV

h

I

y

-D-H cos a~-T sin a-
= (T cos o - H sin a) «

cos v)¥ = (T cos o - H

V sin vy
V cos vy cos Y

V cos vy sin V¥

where the state variables are

<
I

o 2
1}

The

velocity

flight path angle
azimuth angle
altitude
downrange

lateral range

mass of wvehicle

forces acting on the ai

the three control variables:

o =

O

In place of 6., one may use 8.

tion since it is uniquely related to -

angle of attack of NFP

mg sin vy

sin o) sin &

cos &

- mg cos ¥y

(B-1)
(B-2)
(B-3)
(B-4)
(B-5)

(B-6)

rcraft are functions of V, h and

bank angle (angle between the vertical and the plane

containing T and V)

collective pitch at 3/4 rotor radius.

B

2

- collective pitch stick deflec-



It is convenient to use one additional wvariable:

% = rotor inflow ratio

e

average downward velocity thru rotor disk
rotor tip speed

which is determined by V, a and Qr through the implicit relation

Cp
0=+ tan o = ——— (B-7)
2@2+x"

where Crs and hence T (rotor thrust L to the NFP), is given by
(Ref. 8)

- —T ATy 2y - 3] (8-8)

T ~ 2 - 2 73 zH Z nTe

0S,.(OR,.)

and

o = p(h) = air density
o = rotor solidity ratio
a = lift coefficient slope of rotor blade section (<2m)

V cos o

u = oR_ = rotor advance ratio

(0 = rotor angular velocity (assumed constant)

rotor radius

£
il

ko

S rotor disk area = WRZ

r

The in-plane rotor force, H (parallel to the NFP), is givenby:
H = HO + Hi (8-9)
where (Ref. 8)

H

A .
Cy = ————9~——z = 0.450uC; (B-10)
o pSr(ORr) o




c é Hi mcau[<_93£ - % A+ Z; u al> al

Bi  os,.(oR)?2 2

+(Fa, -Lba, +30e,.] (B-11)
and
CD = zero-1lift drag coefficient of the rotor blade section
(o}
3
4 - 56 - 7 M)
1
1 2
1"7H
% a
b, = S
CE T A
Yy = blade mass constant

Finally, the fuselage drag, D, is given approximately by

where

)

B.2 QUASI-STEADY ANALYSIS

For V.~ 0, V¥ ~ 0, &

equivalently h, %, h), Egs.

(B-12)

= equivalent flat plate area (constant).

0, ¥ = 0, with given h, V and vy (or
(B-1), (B-2), and (B-7) become three

B -4



simultaneous algebraic equations

and ) using the force equations

B.2.1 Hover

, Egs.

for the trim values of o, Gr

(B-8) through (B-12).

This is a special case of the quasi-steady analysis with

V = 0. However, for V = 0, neither a nor v is defined.
since H
must be vertical and equal to mg.
have:
2 oa 6r A
mg = 05, (R)" F (F - §)
e
2 a , ¥
R 2
Solving Egqs. (B-13) and (B-14) for )\ gives:
x=\/ =
205, (0R.)
> for hover
2
_3 4
% =7t 5a )

Thus, using Eq.

B.2.2 Trim Calculations for YHC-1A Helicopter

But

and D vanish identically for V = 0, it is clear that T

(B-7), we

(B-13)

(B-14)

(B-15)

(B-16)

The quasi-steady analysis was applied to the calculation of

equilibrium flight values of 6,

copter, where (References 5 and
OR. = 680 ft/sec
c = .0593

6):

and o for the LaRC YHC-1A heli-



1

a = 5.70 rad”
CDo = ,012
£, = 36.7 ft’
S, = 3670 ft°
Qr = 1.25 oo + 1 (Gr in degrees, 8¢ in inches)
v, = 10.0
mg = 13,400 1b

Results are compared with trim values calculated by the Vertol
Division, Boeing Co. (Ref. 6), in Table B-1. It is apparent from
the table that, for the cases compared, the present method
agrees quite well with the more accurate calculations obtained
by Vertol. The results indicate that the analytical force model
would be adequate for performing preliminary guidance and per-

formance analyses.




Table B~1. Comparison of Tr
(G.W. 13400 1b., C.M.

im Calculations for 6c and «

Normal, Sea Level)

0, v 5, (D) 5,2 (1) ,(2)

kts fpm in in deg deg

40 1500 5.94 6.12 -13.8 ~14.5

40 0 3.73 3.47 6.55 6.35
40 -1500 1.25 0.92 27.2 27.1

80 1500 6.39 7.36 -8.8 -10.5

80 0 3.85 4.24 2.3 1.6

80 -1500 1.16 1.48 13.7 13.2

100 0 4.68 4.80 1.4 1.0

Note: (1) Calculated by Vertol Division, Boeing Co.

(2) Calculated by prese

nt method.




Appendix C
PHYSICAL AND AERODYNAMIC CHARACTERISTICS OF
NASA/LaRC YHC-1A HELICOPTER
This appendix summarizes the data which has been used in
Program LIFT to simulate the dynamics of the LaRC YHC-1A heli-
copter. All of the data presented here were obtained from

References 5 and 6.

Table C-I summarizes the pertinent physical characteristics
of the vehicle, including control displacement limits. Tables
C-I1 through C-VII give the trim conditions, fuel flow and
Stability derivatives as functions of forward speed for three
rates of descent. The data in Tables C-II through C-VII were
calculated for a gross weight of 13,400 1bs, normal c.m. posi-

tion and sea level flight. 1In Tables C-IV through C-VII (non-

zero rate of descent), the data for forward speeds greater than
80 knots were extrapolated from 80-knot values by assuming
constant offset from the corresponding zero rate of descent
(Tables C-II and C-III) data. For the reader's convenience,
the data in Tables C-II through C-VII are plotted in Figures

C-1 to C-8.

Because of the different units in which the data was pro-

vided and used in Program LIFT, Table C-VIII contains a number

of convenient conversion factors.




Table C-I.

Physic
LaRC YHC-1.

al Characteristics of
A Helicopter

Operating mass, m

Rolling moment of inertia, Lo«

Pitching moment of inertia, Iyy

Yawing moment of inertia, I,

Cross-product of inertia, Je s

Reference area, S

Reference chord, c¢

Rotor radius, Rr

Control travel limits
Collective stick, 5.
Longitudinal stick, 5
Lateral stick, &

a

Pedal, 6r

6078
12,474
102,898
97,238
-9638
341
0.4572
7.367

+13.,97
+9.14
+5.85

kg

kg-m

kg-m

kg-m

kg-m
2

m

m

m

0 - 32.512 cm (0 - 12.8

cm

cm

cm

(13,400 1bs)
(9203 slugmftz)
(75,914 slug-f£t?)

(71,738 slug-ft?)
2§

NNNN

(7144 slug-ft
(3670 £t2)
(1.5 ft)
(24.17 ft)

in)
(5.5
(3.6
(£2.3 1
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Fig. C-1. YHC-1A Trim Pitch Attitude and Longitudinal Control
Displacements (13,400 1bs; sea level; normal c.m.)
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A
B
C
CDO
C.. ,C
Hy 2 VH
Cr
C et
V¥’ ¢
D
F
FooFpsFy
FeoFyoF,
G
H,H, ,H_
T .1

NOMENCLATURE

2 x 2 penalty matrix on enroute state variable

3 x 3 penalty matr
see Eq. (18).

3 x 2 matrix of gu

zero-1lift drag coe
section; see Eq.

coefficients of ir
the NFP; see Egs.

coefficient of rot
Eq. (B-8).

feedback gains for

see Eqs. (23) - (Z
aircraft fuselage

2 X 2 homogeneous
simplified model;

deviations; see Eq. (17).

1idance feedback gains; see Eq.
fficient of the rotor blade
B-10).

(B-10) - (B-11).

or thrust .l to the NFP; see

V., due to errors in y, etc.;
5)% 1/sec. ’
drag; see Eq. (B-12); N.

response matrix of linearized
see Eq. (12).

aerodynamic rolling, pitching and yawing moments;

(32) - (3

aerodynamic axial,

see Egs.

3); N-m,

lateral and normal forces;
N.

see

Egs. (29) - (31);

ix on enroute control deviations;

(20).

1duced and profile rotor force in

2 x 3 forced response matrix of linearized simpli-
fied model; see Eq. (13).

total, induced and profile rotor force in the NFP;

see Eq. (B-9); N.

moments of inertié about the roll, pitch and yaw

axes; kg-m~.

performance indexg
Eq. (15). |

for quadratic synthesis; see

product of inertia; kg-mz

flight control system gains; see Figs. 5 and 6.




an/a() = trim ro

see Eq. (32).

AF /3 () = trim pi

tives; see Eq. (3

BFn/B() = trim ya
see Eq. (34).

"no feathering pl
ground range to t

radius of rotor b

2 x 2 Riccati mat

nRi = gswept disk

rotor thrust .. to

/.2 2 2 _
be + Vy + VZ = m

see Fig. 2; m/sec.

horizontal and ve

velocity; see Eqgs.

inertial componen
2; m/sec.

true airspeed for
system; see Eq. (

3F, /3 () = axial f
Eq. (29).

aFy/A() = lateral
see Eq. (30),
3F,/3>() = normal
see Eq. (31).

lift coefficient
(<2m).

fuel flow rate; s

lling moment stability derivatives;

tching moment stability deriva-
3).

wing moment stability derivatives;

"

ane’ of rotor; see Fig. B-1.

ouchdown; see Eq. (4); m.
lade; m.
(21).

2
area of rotor; m".

rix; see Eq.

the NFP; N.

agnitude of inertial velocity;

rtical components of relative
(36) and (37); m/sec.

ts of aircraft velocity; see Fig.
mode switch of flight control
54) ; m/sec.

orce stability derivatives; see

force stability derivatives;

force stability derivatives;

slope of rotor blade section

ee Eq. (38); kg/sec.




pP,q,¥

XaY3z

A0

5Q)

equivalen% flat p
(B-12) ; m~.

acceleration of g
-y =
mass of aircraft;
roll, pitch and y
Laplace operator;
time; sec.

3 x 1 vector of ¢
fied model; see E

late area of fuselage; see Eq.

ravity; 9.80 m/secz.

altitude above touchdown; m.

kg.
aw rates; rad/sec.

1/sec.

ontrol perturbations for simpli-
1. (11).

components of relative velocity in body axes; m/sec.

inertial componen

2 x 1 vector of s
simplified model;

ts of wind velocity, m/sec.

tate variable perturbations for
see Eq. (10).

downrange, crossrange and vertical position
coordinates; see Fig. 2; m.

O - 04 = deviation of indicated quantity from its

trim value.

bank angle =
taining T and V;

anglé between vertical and plane con-
see Fig. B-1.

tan'l(Vy/VX) = heading angle; see Fig. 2.

angular velocity

of rotor; 1/sec.

angle of attack of the NFP; see Fig. B-1l.

tan~l(v/u) =

sideslip angle of fuselage.

sin'l(-Vz/V) = flight path angle; see Fig. 2.

mass constant of rotor blade.

O - ()N = devia

its nominal value.

tion of indicated quantity from




O

Subscripts

roll cyclic contro

1 deflection; cm.

gang collective control deflection; cm.

differential collective or longitudinal cyclic

control deflection

yaw cyclic control

; cm.

deflection; cm.

pitch, roll and yaw attitudes of fuselage; see

Ref. 4.

collective pitch o

rotor inflow ratio

f rotor blade at 3/4 radius.

; see Appendix B.

rotor advance ratio; see Appendix B.

o (h) = atmospheric

rotor solidity rat

density; kg/m3.

io.

flight control system lag time constants; see

Figs. 5 and 6.

E = error between commanded and existing values.

G = difference to be gained

I = integral of subscripted g

N = nominal wvalue

¢ = commanded value

f = final value

i = initial wvalue

m = maximum desirable value

o = trim value

Miscellaneous

(") = derivative
T

() =

()7L

of indicated

inverse of indicated mat

N

uantity

quantity.

transpose of indicated matrix.

rix.
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