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A.

INTRODUCTION .

A rocket in flight has three linear and three angular deg=ees of freedom. A

mathematical model m  be devised which describes the motions within the six
degrees of freedom ana this '6-D' model may be programmed for solution by a
digital computer. Given a set of initial conditions and tables of rocket characteris-
tics, the equations which make up the model may be evaluated repeatedly with

respect to time to give an accurate simulation of the flight of a rocket.

The '6-D' model, however, has two deficiencies:

1. Significant effort is required in preparing the input data to be used by
the computer program. A specimen '6-D' simulation shows that over
700 input data items are required. When trajectories must be predicted
for a new type of rocket, only part of this data set may be available
from the manuiacturer. The remaining items must be calculated fi.ra
aerodynamic theory. All the data must then be transcribed in the exact
form required. As a result, preparation of the input data usually takes

at least two man-weeks.

2. Each '6-D' computer run may require as much as four hours of expensive

computer time.

For these reasons, models utilizing various sub-sets of the six degrees of freedom
are used in trajectory simulation. A '3-D' model with only linear degrees of
freedom is especially attractive, since the coefficients for the angular degrees

of freedom are the most difficult to determine and the angular equations are the

most time consuming for the computer to evaluate.

Of course, the '3-D' model is less accurate than the '6-D' model. This is because
the model lacks angular motions and the thrust vector orientation is assumed to
be aligned with the velocity vector. Unless the angle of attack is zero, this is not

true.
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Figure 1 shows a typical angle of attack versus time history of an unguided rocket.
The time scale is divided into threc periods. In Period I the rocket has a finite
angle of attack and is said to be untrimmed, In Period II the angle of attack has

been trimmed out to zero and in Period III the rocket is again untrimmed.

The manner in which angle of attack is generated is shown in Figure 2, a vector
diagram of the forces on the rocket immediately after launch. Angle BOC is the
launch elevation angle. OC is the thrust minus dx"ag vector, aligned with the
principal body axis. Vector CD represents the acceleration of gravity. Vector
OD is the sum of OC (the thrust minus drag) and CD (gravity). The rocket is
accelerated from rest in direction OD, but it is pointing in direction OC. Angle
DOC represents the angle of attack,

This angle of attack is gradually reduced to zero by the stabilizing moment (Mo)
produced by the rocket fins. Trimming does not take place immediately because
the stabilizing tendency is resisted by the large moment of inertia about the

rocket's principal axis.

If the angle of attack is assumed to be zero during Period I (i.e., beiore the rocket
trims out), large errors in the predicted trajectory may result. This is the case
when standard three linear degree of freedom simulations are used. Further
errors may result from assumptions about other initial and launch conditions.

To reduce these errors, the computer program described in this paper uses three
separate subsections to predict trajectories. A launch rail subsection is used
until the rocket has left its launcher. The program then switches to a special
'3-D' section which computes motions in two linear and one angular degrees of
freedom. This permits accurate simulation of Period I flight when the angle of
attach is finite. When the rocket trims out, the program switches to the standard,

three linear degrees of freedom model. This model is used throughout Periods II
and III.
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B.

The standard '3-D' model can be used accurately in Period III despite the un-
trimmed condition because the rocket is not thrusting. This untrimmed condition
results from the lack of restoring moment due to low atmospheric density. The
aerodynamic force on the fins varies as the product of velocity squared and at-
mospheric density. Thus, although the velocity is high in Period III, the density
is low enough that the restoring moment is insufficient to maintain a zero angle

of attack.

In the absence of thrust, therefore, the untrimnmed flight of Period III has no
effect on the trajectory. Should there be 2n upper stage to be fired in Period IIl,
the "HYBRID 3-D'" program has a thrust vector control option to handle this case.
There is also an option to change the aerodynamic drag on the spent rocket during

this period.

By using the launch rail subsection, the special '3-D' section, the standard '3-D'
section, and the thrust vector control and aerodynamic drag options, the program
can calculate the rocket's impact point with sufficient accuracy for range safety

hazard .'stimation and for the pla.m;ing of payload recovery operations,

BASIC ASSUMPTIONS

The mathematical model used in the "HYBRID 3-D" program includes such effects
as the variation of aerodynamic coefficients with Mach number, the change of
engine thrust with time, and the change of rocket mass due to propellant burning
and stage separation. But some simplifying assumptions have been necessary to
speed calculation, These are detailed below.

Please note that where equations are given, the notation is similar to thaf of
FORTRAN, with the provision that all variables are of type 'REAL'.

1. Earth's Geometric Shape
The shape of the earth is a "pear" shaped spheroid with a slightly smaller
northern hemisphere. The oblate spheroid is usually used as an approxi-
mation to the earth's shape. However, for sounding rocket trajectories,
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3.

wherc the range of the rocket is short in comparison to the circumference
of the earth, a simplified model may be utilized: the "local spherical
earth" in which we approximate the earth's shape by a sphere with a
radius equal to the geocentric radius at the launch site. In the program,
the local geocentric radius of the launch site (RE) is set to 20899262,

feet, a value appropriate for Wallops Island.

Earth's Gravitational Field

The gravitational potential of the earth is simplified to the inverse square

law without harmonics, i.e.:
GG = GM/Rx»3 (B-1)

where: GG - is the gravitational potential;
GM - is defined as 1,4076576E16 feetxx3/seconds**2;

R - is the distance from the geocenter to the vehicle.
The components of the gravitational potential are:

GX = -GGX
GY = -GGxY
GZ = -GG*Z

where X, Y, and Z are the geocentric coordinates of the vehicle.

Atmosphere
We have selected an atmospheric model which closely approximates the

1962 U,S. Standard Atmosphere. (Reference 6)

The subroutine ATMSPH is called with altitude as the argument. The
atmospheric parameters pressure, density, temperature, viscosity,

and speed of sound are returned.

Earth's Rotation
During the short duration of Period I, the rotation oi the earth may be
neglected without appreciable error. In Periods I and III, the effect of




the earth's rotation is accounted for in a transformation from a Launch
Inertial Coordinate System to an Earth Fixed Coordinate System.

C. COORDINATE SYSTEMS

In the trajectory calculation, five sets of Cartesian coordinates are used. They

are discussed in detail below:.

1. Inertial Coordinate System (X,Y,Z) (Inertial at Launch):

2.
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The origin of the Inertial System is the earth's center. Once the X and
Y axes are determined at launch time, the Inertial cocrdinates are fixed

in earth-centered space, and do not rotate with the earth.

X - onthe earth's equatorial plane, pointing to zero longitude at
launch.

Y - onthe earth's equatorial plane, pointing to 90° East longitude
at launch.

Z - perpendicular to the equatorial plane, pointing to the North Pole.

Earth-Fixed Ccordinate System (XE.YE, ZE):

The origin of the Earth-Fixed coordinate system is the center of the
earth, However, unlike the Inertial system, whose origin is also the
earth's center, the XE and YE axes of the Earth-Fixed system are the
Greenwich and 90° longitudes respectively and rotate with the earth.

At the moment of launch, the Earth-Fixed axes coincide with the Inertial

axes.

XE - onthe earth's equatorial plane, always pointing to the Greenwich
longitude.
Y. - onthe earth's equatorial plane, always pointiag to 90° East
E
longitude.
ZE - perpendicular to the equatorial plane, pointing to the North Pole,
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3. Instantaneous-Topocentric Coordinate System (x,v, 2):

The origin of the Instantaneous-Topocentric coordinates is the projection

point of the moving rocket on the earth's surface, the point at which the

geocentric radius vector to the rocket intersects the earth's surface.

X - onthe local horizon plane tangent to the instantaneous projection
of the rocket, directed along the local geocentric north.

y - onthe local horizon plane tangent to the instantaneous projection
of the rocket, directed along the local geocentric east.

z - perpendicular to the instantaneous local tangent plane, directed
along the geocentric radius vector, and pointing toward the
earth's center to complete the right-hand system.

4. Launch Coordinate System ()LL,yL,zL):

The origin of the Launch coordinate system is the launch site. The Xy

axis is chosen to point in the direction of launch.

X, - on the launch-tangent plane, pointing in the direction of launch,

y, - on the launch-tangent plane, pointing normal to the launch
azimuth in the direction which with Xp and 20 forms a right-
hand system.

zp, - perpendicular to the launch-tangent plane, positive upward

from the earth's center.

5. Body Coordinate System (xB,yB, zB):

The origin of the Body coordinate system is the center of mass of the

rocket.
x,, - along the rocket principle axis, positive forward.

~ aormal to the x_~z_ plane in the direction which completes
the right-hand system.

z_ =~ perpendicular to the x_ axis and contained in the plane of
symmetry of the rockg, positive downward,
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DYNAMIC EQUATIONS OF THE ROCKET

"HYBRID 3-D" simulates the trajectory of the rocket with two models, one for

Period I and another for the rest of the flight., The dynamic equations for eac*
model are given here. A FORTRAN-like notation is used (all variables are

type "REAL").

1. The Equations for Period I, using two linear and one angular degrees

of freedom:

[}

AXL

AZL =

THDD =

where

THRUST

DRAG =

VL =
CDS -

DENS -

((THRUST-DRAG)«CS - FNORM+SN)/MASS
((THRUST-DRAG)«SN + FNORMxCS)/MASS-G0

(-LSM+FNORM)/INERT

acceleration in the XL direction, which is downrange at
launch

the thrust of the rocket motor. Found from table look-up,
with time as the argument
CDS«Q

(DENS*VL*%2)/2.0
SQRT(VXL*%2 + VZL*#2)

is given by sub-routine TAB1 which e¢rters a look-up table
with Mach number as the argument to find CD, the co-
efficient of drag, and multiplies this by SAREA, the
reference area

is called the "dynamic pressure'.

is given by the Standard Atmosphere sub-routine 'ATMSPH',
entered with altitude as the argument. This sub-routine
also gives

TEMP - temperature

PRES - atmospheric pressure
VISC
SOUNT - the speed of sound,

viscosity

Ry R




VXL, VZL

CS

FNORM
CNA

SAREA

ALPH

GAMA

AZL

THDD

LSM

LCP

LCG

INERT

[}
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are velocity components in the downrange and vertical
directions. Found by integration of AXL and AZL.

COS(THETA)

is the inclination angle of the rocket, the angle between the
principal body axis and the hciizontal. It is originally set
to the launch elevation angle, and is modified by double
integration of THDD, THETA double dot.

CNAXSAREA.Q*ALPH

is the slope of the coefficient of the normal force acting
on the center of pressure.

is the reference area.
is defined above,

THETA - GAMA, and is called the "angle of attack'. The
program switches from the Period I model to the model
used for the rest of the flight when ALPH becomes zero
(found by interpolation as it crosses from plus to minus),
The duration of Period I is about 0, 8 second for a
NIKE-CAJUN, and about 5 seconds for a SCOUT.

ATAN (VZL/VXL)

GAMA is the flight path angle which defines the di1 . -
in which the rocket is moving

is the weight of the rocket divided by the force of g .. -ity.

is acceleration in the Z direction, which is vertical at
the launch site. o

is THETA double dot, the acceleration in the rocket's
inclination angle to the X axis.

L
LCP-LCG.

is the distance from the reference position (usually the
nose of the rocket) to the center of pressure.

is the distance from the reference position to the rocket's
center of gravity,

is the rocket's pitch moment of inertia.

The equations above have been simplified by the elimination of effects such
as pitch damping and jet damping which were found to have no significant

TPVRTIRTOP . e
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effect on the solution, since Period I is of such short duration, Some
variables are made constants, with the same justification. Some of
these are: GO; CNA; LSM; and INERT.

The Equations for Periods II and TI:

The angular motion of the rocket is neglected; only the linear motion
is considered. The equation of motion are written in the Inertial
Coordinate System.

XDDOT =
YDDOT =
ZDDOT =
XDDOT -
GX -
THX -
UX -
MASS -
YDDOT,

ZDDOT

GX + (THX - UX)/MASS
GY + (THY - UY)/MASS
GZ + (THZ - UZ)/MASS

is X double dot; the acceleration is the direction of the
Inertial X-axis (please refer to Section C for a definition
of the various coordinate systems used).

is the X component of the acceleration of gravity, «s
felt at the rocket's center of gravity.

is the rocket's component of thrust in the X-direction,

This component of thrust would normally be taken in the
direction of rocket motion, except that it may be modified

by the thrust control option. The thrust control option

may be specified to hold the thrust direction of the rocket
constant ufter = given time of flight or rocket altitude.

This option is useful when the rocket attains an altitude
where the atmospheric density is so low that the rocket's
gyroscopic stability tends to keep it pointing in a constant
direction and there is to be an upper~stage firing (Period II).

is the component of drag in the inertial, X direction.
is the present weight of the rocket, derived from weight
tables, divided by the sea-level acceleration due to gravity.

are the components of acceleration in the inertial Y and 2
directions, Their equations are symmetrical with the one
for XDDOT.
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3.

The Equations for the Launch Rail:

The user may specify the type of launcher to be used for the simulation.

The simulated vocket will then be accelerated from rest along the launch
rail and will have an initial velocity at release. This initial velocity

will decrease the duration of Period I. The equation of motion is:

LACC =
LACC -
THRUST -
WEIGHT -
SEL = -
DRAG -
MASS =
GO -

(THRUST - WEIGHT*SEL - DRAG), MASS
is acceleration in the direction of the launch rail
is found by table look-up, with time as the argument

is the rocket weight, found by table look-up; time is the
argument,

is the sine of the elevation angle of the launcher.

is the aerodynamic drag of the rocket. This term is quite
small, and could be neglected, Tue friction drag of the
launcher is not included, although the equation might »e
reformulated to add it to the aerodynamic drag. In the
practical case of launch elevation angles of perhaps 80°,
the normal force on the launch rail (which is multiplied
by the coefficient of friction to give the friction drag) is
very low, resulting in negligible friction drag.

WEIGHT /GO

is the acceleration due to gravity at sea level.

The initial conditions are entered and then this equation is integrated

repeatedly to give the velocity and distance traveled on the launch rail,

. When this distance equals the length of the launcher, the program switches

to solution of the equations for Period I,

I PO g AT MR R Traptentas trat s T o
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SUMMARY

A computer program, "HYBRID 3-D", has been described which simplifies tra-
jectory simulation,

A comparison of a "6-D" trajectory, a "'standard" 3-d trajectory, and "HYBRID
3-D" is shown in Figure 3. "HYBRID 3-D" achieves good accuracy through the

special treatment of the untrimmed period near launch.

"HYBRID 3-D" also contains a simulation of the dynamics of the launch rail to

enhance accuracy in simulating the trajectory of slow-accelerating rockets.
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INTRODUCTION

This trajJectory program is written in Fortran IV and was tested
on the Honeywell &25 computer. Input data is transferred from
punched cards to disc (file code 05). The program reads this
disc, prints the data, rewinds the disc, and rereads the disc

as data 1s needed for calculations.. The math model includes
aerodynamic drag, rotating earth, launch rall simulation, rigid
body dynamlecs at 1ift-off, and standard 3D point-mass equations.
After leaving the launcher, the rocket is restricted to motion
in two dimensions until the angle of attack goes to zero; then,
the motion becomes three dimensional with thrust and velocity
vectors aligned. The equations of motion are integrated by the
Runge-~Kutta method, utilizing variable step size for better
efficiency. Processing time is approximately 0.7 minutes for
each 100 seconds of trajectory time. Output data may be
printed in English or metric units, and written on tape (file

code 11).

Bt e M TS STt s w3 4 e -
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PROGRAM VARIABLE DEFINITIONS

A
ACX,ACY,ACZ

ACCI
ALIM

ALPH
ALT
ALTC

AREA
ARRAY

ARREY
AXL

AZ
AZL

AZLCH,ELLCH
AZRAD,ELRAD

CAPT
CD
CDD

CNA
CONV
CPHI

semi-major axls of IIP ellipse

components of acceleration with respect to
topocentric system

irertlial acceleration

altitude where pressure and density are set
equal to zero (400,000 ft.)

angle of attack (uj
altitude

input altitude at which thrust vector remalns
in constant direction

rocket nozzle exit area (Az)

matrix for storing all output data (in English
units)

matrix for storing all output data in metric
units

acceleration along launch azimuth in launch
coordinate system

flight azimuth angle; or launch azimuth (L)

acceleration in vertical direction in launch
coordinate system

look azimuth and look elevation angle with
respect to launch site

look azimuth and look elevation angle with
respect to radar

time from launch to impact at IIP
drag coefficient (CD)

input table of drag coefficients (Cj);
(includes drag area, if SAREA = 1.0

normal force coefficient
n/180°
cos (¢)

. ! m- T T A vt e e e e
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DELTA

DENS

DIFF

DIST

DRAG

DT

EDLCH,NDLCH,
ZDLCH

EDRAD,NDRAD,
ZDRAD

EL

ELCH,NLCH,
ZLCH

ELPREV

EPBIG

EPS
EPTINY
ERAD,NRAD,

ZRAD
FNORM
FRAC

GAMA
GO

GDLAT

range angle (§)

atmospheric density

thrust minus drag

distance traveled on launch rail
drag force (D)

integration time interval

east, north, vertical velocity components
with respect to launch site

east, north, vertical velozity components

with respect to radar

flight elevation angle or launch elevation
angle (r)

east, north, vertical coordinates with respect
to launch site

previous value of veloclty elevation angle

maximum relative grror allowed in Runge-Kutta
method (1.0 x 10-°>)

geodetic latitude minus geovcentric latitude
minimum relative error allowed in Runge-Kutta
method (5.0 x 10-7)

east, north, vertical coordlnates cf rocket
with respect to radar

normal force on rocket

interpolation fraction for Mach number
velocity elevation angle (T)

gravity acceleration at Earth surface
(32.174 ft/sec?)

geodetic latitude




GM
GX, GY, GZ
HIGH

IEND
IIPLAT,IIPLON
ITIPR,IIPTIM
INERT
INEXT

IOPT

IPRINT

KCON

KDEL

KPAG
KSPENT
KSTOP

LACC
LAMDA
LAMDAQ
LAMDAl
LAT
LENGTH
LINE

16 ft3/sec2)

gravitation constant (1.4076576 x 10
components of gravity acceleration

maximum integration interval = one half the
print time interval

control constant (set = 1 at impact)

latitude (GD), longitude, ground range, and
impact time for instantaneous impact point
moment of inertia of rocket (I)

control constant (set = 1 at each phase time)

thrust reference option (=1 for sea level,
=2 for vacuum)

conirol constant (set = 1 when printout is
desired)

matrix for storing K values for Runge-Kutta
method

1 for main rocket calculations;
2 for spent stage calculations

increment for subscript of phase control
constant

output page number
present spent stage number

0 for no stop at apogee
1 for stopping calculations at apogee

acceleration on launch rail

angle from X axis in X, Y plane (X)
launch longitude (AO)

radar longltude (Al)

geocentric latitude (¢)

length of launch rail

number of printout line
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LONG
' : LOW

LSM

LVEL
MACH
MASS
MCH

MESS
NAP
NCD
NDEL
NGEO

NID

NIIP

NMT
NPAGE

longitude (1)

smallest integration time interval
(1.0 x 10-4 sec)

distance from center of gravity to center
of pressure (lsm)

velocity on launch rail
Mach number (M)
total rocket mass -

input table of Mach numbers corresponding to
table of drag coefficients

array for storing printout message
control constant (= 1 at apogee)
number of drag coefficients in table
increment for subscript of phase time

0 for geocentric elevation angle and azimuth
(input)

1l for geodetic elevation angle and azimuth
(input)

control constants for phase changes

= 1, read phase message only

= 2, read phase message and drag table

= 3, read phase message and thrust, weight,
drag tables

= 4, nothing is read in

input constant for special output tape

= 0, tape time interval same as print time
interval

= 1, tape time interval equal 0.1 sec, and
PTI must be an integer multiple of 0.1
sec

= 2, no tape output

number of rocket motors

for output page
for output page
for output page
for output page
for output page
for output page

OV &= =
HEHOoO QW

T R e e 10 e o




NPH =
NPHS =
NSEP =

NSKIP =

NSPENT =

NSTOP =

NSYS =

NTH =
NWT =
OMEGA =

PO =

PHAS =
PHI =

PlLiI0. =

PHI1 =
PHT =
PI =
PI2 =
PRES =
PTI
PTIME =

present phase number

number of phase times

number of motor separations

input control constant

= (0, ALPHA routine performed

= 1, ALPHA routine skipped

number of spent stages left to be calculated

0 for TSTOP = 0,0 (no termination on- time)
1 for TSTOP # 0 (trajectory terminates on time)

output control constant

1, for English units

2, for metric units

3, both English and metric

number of thrust values in table
number of propellant weights in table

earth rotation speed (7,29211 x 105 rad/sec)
(w)

atmospheric pressure at surface of earth
(2115.666 lbs/ft2)

output message in column 2 to 7
angle from X, Y plane to R vector (¢)
launcher geodetic lgtithde

radar site geodetic latitude

phase times (input)

3,14159265 ()

2w

atmospheric pressure (p)

print time interval

print time

Al B v i e et i
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Q= dynamic pressure

' R = distance from earth center to rocket

RA = equatorial radius (20925741 ft)
RANGE = ground range from launch site to rocket
RB = polar radius (20855591 ft)
RE = earth radius (20899262 ft)
RLCH = slant range from l;unch site to rocket
RRAD = slant range from radar to rocket

, S = matrix for storing X, ¥, 2, }.{, 1.{, i, i, ‘.1., 3

' in Runge-Kutta routine
SAREA = drag area (= 1,0 when area is included in

drag coefficient)

SA = matrix for storing all output data

f SMAT = transformation matrix, topocentric to inertial

; { SOUND = speed of sound ;

‘ SPHI = sin (¢) :

§ SPS = array for storing initial spent stage variables

k STPTI = stored value of the print time interval
TO = launch time = 0.0 sec (to) i
Tl = time to begin constant thrust direction in ;

inertial system :

TEMP = atmospheric temperature ;
TFRAC = time interpolation fraction

3 THCON = 1 for no thrust control

: 2 for constant thrust direction beginning at

iw; time T1l, or at altitude ALTC

£ THDD = angular acceleration in launch coordinate system

* THETA = thrust elevation angle i
THREF = thrust at sea level or 1in vacuum :

0 it nsan et ts ke B S0 %
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THRUST = rocket thrust (TH)

THS = thrust table input

TIM = time table corresponding to thrust table

TIMl, TIM2 = times used to control writing output tape

TIME = time from launch (t)

TMAT = transformation matrix, inertial to topocentric

TSEP = table of separatioﬂ times 'r.v single stage
rocket, set TSEP = 0,0)

TSTOP = ‘ time to stop calculations

TWT = time table corresponding to propellant
weight table

VEL = total speed of rocket (inertial)

VELLCH = rocket speed with respect to launch site

VELRAD = rocket speed with respect to radar

VISC = atmospheric viscosity

VT = total velocity (topocentric)

VX, W, vZ = topocentric velocity components

WEIGHT = total rocket weight

WPL = payload weight

WPP = present propellant weight

WPP2 = total propellant weight of all unfired motors

WPR = input table for propellant weight

WRM = present rocket motor weight

WTM = table of rocket motor weights

WIP = initial propellant weight in each rocket

WIS = spent stage weight

X, ¥, 2 = inertial coordinates




XDOT, ¥YDOT,

ZDOT =

XDDOT, YDDOT,

ZDDOT =

XIP, YIP, ZIP =

XL, YL,

ZL =

inertial velocity components (i, i, i)

inertial acceleration compone:ts (*, §, i)

inertial position of the instantaneous impact
point

launch system coordinates where XL is along
launch azimuth

topocentric coordinates

W v v Samanan o o
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RUNGE-XUTTA INTEGRATION ROUTINE

For a discussion of the Runge-Kutta formula of order 4, see

Reference 7.

Here, only the equations in X are listed, since the Y and 2

equations correspond exactly.

\

(NOTE : the actual subroutine uses matrix S to store all the

inertial variables, X, Y, 2,

Step 1:

Step 2:

X, Y, q,

Input XO' xo, xo; time = To
Kll = (DT) xo K41 = (DT) X0
tire = T, = TO + DT/2

=
]

.DT L ]
1 = X t(z=) X,

s DT, 3
X, = X, +(z-) X,
X; = X (T, Xy, ¥y, 2, Xy, ¥
K12 = (DT) X1 Kgy = (DT) X

i
1

X, Y, 2)

ll zl)

1

g g N 2

Lo et

LY
%
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Step 3: time =T, =T, + gg (NOTE: T, = T,)

X, = Xg + (gz) X,
X, = Xg + (39) X,
iz =X (T, X5, ¥y, Z,, iz, iz, 52)
X, = (DT) iz K,y = (AT) X,
Step 4: time = T3 = TO + DT
Xy = X + (D7) X,
X, = X, + (DT) X,
Xy = X\Ty, X3, Yq, 24, Xyy Yo, Iy
Ky, = (DT) X, K, = (D7) X,

Solution at time = T4 = TO + DT

X = xo + (1/6) (Kll + 2K12 + 2Kl3 + K14)
X=X, + (1/6) (Ky, + 2K, + 2K,q + K44)
X = X(r,, X, ¥, 2, X, Y, 2)

Error Analysis:

The Runge-Kutta method of order 4 will result in an error of

order 5, which i1s reduced by using "extrapolation to the
limit", :




First, find a solution using DT = H; then find a corresponding
solution by using DT = (H/2) twice, Finally, combine the two
solutions in such a way that most of the order 5 error is

eliminated.

XEx = exact solution

X(1)
X(2)
X(1) xEx + AH5 + order 6

solution using DT = H

H/2 twice

solution using DT

Xoy + B(H/2)° + C(H/2)° + order 6

X(2)

The factors A, B, and C are composed of derivatives of the
acceleration function, The X(2) solution has two order 5
errors, because twice as many steps are required when

DT = (H/2).

If H is small, A, B, and C will be approximately equal,

resulting in:

< ag5
X(l) - Xpy © AH
5
. aH
X(2) - Xy T 7w
Xpx - X(2) + (1/15) [x(2) - X(1)]

The right hand side is an improved approximation for the exact

solution, Similar equations are used for Y, 2, X, ¥, 2,

N ERGs e LD hed e
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Ogtimum DT

In the Runge-Kutta formula, the theoretical error term is of
order 5, and the smaller the step size, DT, the smaller ihis
error becomes, However, when DT is made smaller, the number
of integration steps increases, resulting in more computer

round-off error.

To find an "optimum DT", the program proceeds as follows:

1. Find the velocity components i(l), f(l), i(l), using

DT = H.
2. Find X(2), Y(2), 2(2), using DT = H/2 twice,
3, Calculate the relative errors in velocity:

g = JX() - X(2) ]

X(2)
4, If E < EPTINY, then DT is tocu small, and computer time

? etc.

would be wasted, Thus, DT is increased for the next

integration interval,

5.. If E > EPBIG, then DT is too large, and the velocity
error is unacceptable, Thus, the calculation is repeated

using a smaller DT.

The choice of EPTINY and EPBIG is quite arbitrary.

Good results have been obtained with EPTINY = 10-7

and EPBIG = 10‘5.
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4, GENERAL FLOW CHART

USE "BULK MEDIA CONVERSION ROUTINE" (BMC) TO
TRANSFER 1NPUT DATA FROM CARDS TO TAPE

/
CALL INIPUT TO READ GDUERAL INPUT DATA FROM Trci

/

COMPUTE INITIAL WEIGHT. CALL TABLE TO
READ FIRST PHASE DATA,

/
- CALL LAUNCH TO SIMULATE RAIL

no
NSKIP=0? >

yes

\ 2
CALL ALFA TO SOLVE ANGLE OF ATTACK
EQUATIONS USING RUNGE-KUTTA METHOD

.

CALL ACCEL 3 70 COMPUTE ACCCLERATION

P ——

Vv ) .
CALL DATA 1 TO COMPUTZ OUTPUT DATA . R
CALL SITSA TO STORL DATA TEMPORARILY -
CALL OUT TO IUTERPOLATE OUTPUT DATA
AND TO STORE IN OUTPUT ARRAY

CALL RUNGE TO CALCULATE NEXT TRA-
JECTORY POINT AT T + DT

Il

CALL DATA 1 TO COMPUTE OUTPUT DATA _9®
CALL SETSA TO STORE DATA TEMPORARILY|

|
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yes .
TIME TO STOP CALCULATIONSE—X(3)

no 1

\V yes
ALTITUDE = 0? SET IZND = 1 >

no

A yes ves
APOGLE? STOP AT APOGLE?

- no

A\ /4

no

(@<—cALL OUT TO STORE OUTPUT DATA

AS ULXT PLASE STARTED ? = SJCALL OUT TO PRINTOUT
i no
\V S
END OF PREVIOUS PHASE?[YS2———3(CALL OUT TO PRINTOUT
no :
4 ves W _
TIME = REGULAR PRINTOUT TIME? SICALL OUT TO INTERPOLATE & PRNTOUT
no
/
CALL SETSA TO STORE PRESENT RO JEND OF CALCULATIONS? (IEND = 1 ?)
VALUES OF OUTPUT DATA
T yes
4 1 no
A i ANY SPENT STAGES ? >15TOP
4 [PHASE TIME CHECK; TIME TO BEGIN NEXT PHASE?|no
2 - es o
. yes i
# / INITIALIZE SPENT STAGE VARIABLES
oy
. CALL TABLE TO READ-IN NEXT PHASE DATA

: %




SUBROUTINE DESCRIPTION

ACCELO --- Subroutine ACCELO computes the relative linear

acceleration and angular acceleration, assuming
the rocket flies in the launch plane (2 dimensions)

with an angle of attack.

ACCEL1 Subroutine ACCEll computes the three components of

inertial acceleration which determine the main

trajectory.

ACCEL2 --- Subroutine ACCEL2 computes the relative linear

acceleration (one dimension) for motion along the

launch rail, assuming there is no frictional force,

ACCEL3 --- Subroutine ACCEL3 computes the acceleration using

elevation and azimuth rather than velocity com-

ponents,

ALFA --- Subroutine ALFA determines the trajectory while the
rocket flies with an angle of attack during the launch
phase. Linear motion is constrained to the launch
plane until the angle of attack goes to zero (or until

the phase is nearly completed).

ATMSPH --- Subroutine ATMSPH computes temperature, pressure,
viscosity, density, and speed -f sound using an
eighth degree polynomial approximation for the

1962 Standard Atmosphere data,

- ——
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CNALFA --~ Subroutine CNALFA interpolates to find the normal
force coefficient and pitch damping coefficient

which are used in the angle of attack eguations,
DATAl ---~ Subroutine DATAl computes most of the output data,

DIRECT --- Subroutine DIRECT determines the direction of the
thrust vector; the thruét is either lined up with
velocity, or the thrust maintains a constant di-
rection with respect to the inertial system.

Normally, the first option is used; however, for

spin stabilized rockets, the second option can be

used at high altitudes, (NOTE: This svbroutine is

not called during the ALFA routine,)

IIP ~-- Subroutine IIP computes the instantaneous impact points
assuming zero thrust and vacuum trajectory.
INPUT ~-- Subroutine INPUT reads data from input tape 05 and
prints it.

LAUNCH ~-- Subroutine LAUNCH simulates a frictionless launch
rail tut includes aerodynamic drag in the equations

of motion.

MAT --- Subroutine MAT calculates the elements of the trans-~

formation matrix for a coordinate system rotation,

The inverse matrix is also calculated,

N s s s rare
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MATLCH --- Subroutine MATLCH calculates the transformation

from the inertial system to the launch site system,

MATRAD --~- Subroutine MATRAD calculates the transformation

from the inertial system to the radar site system.

MATROC ---- Subroutine MATROC calculates the transformation
from the inertial system to the instantaneous

topocentric system,

OUT --- Subroutine OUT interpolates all output data, stores

it, and prints it out,

RUNGE ~-- Subroutine RUNGE integrates the equations of motion,
using the fourth order Runge-Kutta method with

variable step-size, Refer to Part 2, Section 3. |

ity

SETSA --- Subroutine SETSA transfers output data to a temporary

storage array.

TABLE -~~~ Subroutine TABLE reads in thrust, weight, and drag

tables and phase messages,
TABl --- Subroutine TABl interpolates to find the drag coefficient,
TAB2 --- Subroutine TAB2 interpolates to find the thrust,
TAB3 ~-- Subroutine TAB3 interpolates to find the total weight.

TPOUT --- Subroutine TPOUT writes a special output tape with
time interval controlled by NIIP, (See input
‘ description,) i

-




‘ i TRANS1 ~--- Subroutine TRANS1 transforms from the inertial

system to one of the rotating systems,

TRANS2 --- Subroutine TRANS2 transforms from a rotating sys-

tem to the inertial system,

o
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HYBRID 3-D INPUT DESCRIPTION

Input cards must be in FORTRAN NAMELIST format or in the form
of a message (see sample); all cards must be punched only in
columns 2 through 72. Each input value must be followed by a

comma, except the last item in a 1list, which 1s followed by a
$.

1. The following lists must always be input: NAMQ, NAMR,
NAMS, NAMT, NAMU, NAMV. Within a 1list, if a particular

variable i1s not required, it should be omitted.

2. The lists NAM2, NAM3, NAM4, NAM5 may be input depending
upon the trajectory and type of rocket. Thrust, weight,
and drag table input is controlled by the phase time

array, PHT, and the array NID.

3. All thrust, welght, and drag tables have a limlt of
50 values and must have at least two values. The input
arrays PHT and NID have a limit of 14 values; the

arrays WTM and WTP have a limit of 6 values.

4, PFor a thrusting phase, the thrust, weight, and drag tables
are preceded by one card containing a "phase message";
this may be any phrase to identify the phase; e.g. STAGE
1 THRUSTING. A phase message card must also precede the
drag table for a coasting phase. The phase messages may
be punched in column 2 through 72, but only the characters
in column 2 through 7 will appear on the output (in column

2 through 7) (See sample input and output.)
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To simulate the rocket launcher, set LENGTH equal to
the length of the launch rail. This option restricts

the motion to one dimension only.

To simulate angle of attack near lift-off, set NSKIP = O,
Motion will be in two dimensions until the angle of
attack goes to zeron; then, the program switches to
three dimensions, with thrust and velocity vectors
aligned. (Angle of attack can be calculated only during
first stage thrusting.)

If NSKIP = 1, then the angle of attack routine 1is
skipped, and the motion will be in three dimensions with

thrust and veloclty aligned.

The trajectory terminates (1) at altitude equal zero;
(2) at apogee; (3) or at a given time. See the control
constants NSTOP, TSTOP, KSTOP. If the trajectory is not
stopped at apogee or at a given time, then it terminates
when altitude equals zero.

For tape output, see control constant NIIP. In the deck for
execution, include a tape control card with file code 11,




INPUT DESCRIPTION

title phrase in column 2 to 72

$NAMQ in column 2 through 6 followed by:

FIRST CARD:
NAMQ List:
VT =
EL =
AZ =
NGEO =
[
PHI =
LAMDA =
TIME =
ALT =
LENGTH =
NAMR List:

initial speed (ft/s-c)

initial flight elevation angle or launch elevation
angle (ceg.)

%niti?l flight azimuth angle or launch azimuth aiigle
deg.

0 if EL, AZ are geocentric angles
1l 1f EL, AZ are geodetic angles

initial geodetic latitude (deg.)
initial longitude (deg.)

initial time (not less :chan 6.0), (sec)
(launch time should equal zero)

initial altitude (ft.), (NUTE: launch altitude should
equal 0.0 only)

length of launch rail (ft.)

$NAMR in column 2 through 6 followed by:

PTI =

NSPENT
NSTOP

TSTOP

NSKIP

KSTOP
THCON

print time interval (not less than .01l), (sec)
number of spent stages to be run
1 if TSTOP not equal 0.0 (otherwise, omit)

time at which calculations are terminated (sec.),
(1f not desired, omit)

alpha routine calculations (beginning at launch)
alpha routine skipped

to stop calculations at apogee (otherwise, omit)

for no thrust control

for constant thrust direction beginning at time =
Tl or at altitude ALTC (the constant direction is
determined by the program)

V- = O
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Tl = time to begin constant thrust direction (sec.),
' : (1f not used, omit)

ALTC = altitude where thrust co.:trol begins (ft.), (if not
used, omit)

NSYS = 1 for English output
2 for metric output
3 for both English and metric output

NIIP = 0, special tape time interval same as print time interval
1, tape time interval equal 0.1 sec., and PTI equal an
integer multipie of 0.1 sec.
2, no tape output

NPAGE 1 for output page
2 for output page
; 3 for output page
' I for output page
| 5 for output page
i 6 for output page

3 le.g., if NPAGE =
printed out)

N "Imoowe

, 4, 5; pages B, D, E will be

NAMS List:

! $NAMS in column 2 through 6 followed by:

PHIO <+  launcher geodetic latitude (deg.)

LAMDAO =  launcher longitude (deg.)

PHI1 = radar site geodetic latitude (deg.) (if not used, omit)
LAMDAl = radar site longitude (deg.) (if not used, omit)

NAMT List:
$NAMT in column 2 through 6 followed by:
NPHS/PHT= phase time array (sec.) (e.g. 1lst stage ignition time,

i 1lst stage burnout time, 2nd stage ignition, 2nd stage
burnout, etec.)

s




NTAB/NID

NAMU List:

array of control constants for phase changes

1, to read in phase message only

2, to read phase message and drag table

3, to read in phase message and thrust, welght,
and drag tables

4, nothing is read in

[NOTE: There must be a value of NID for each value
of PHT, plus one additional value corresponding
to apogee.]

$NAMU in column 2 through 6 followed by:

NMT /WTM

WPL
NSEP/TSEP

WTP

NAMV List:

list of inert rocket motor weights (1lbs.) (includes
miscellaneous weight)

]

= payload weight (lbs.)

n

table of motor separation times (sec.)
[NOTE: For single stage rocket, omit]
[Each value of TSEP must appear in the PHT array.]

]

1list of propellant weights (one weight for each stage),
(1bs.;

$NAMV in column 2 through 6 followed by:

LSM

INERT
CNA

NAM2 List:

= distance from center of gravity to center of
pressure (ft.)
moment of inertia (slug ft.2)

1y

normal force coefficient (rad”

(thrust table, input if NID = 3)

$NAM2 in column 2 through 6 followed by:

AREA
IOPT

TIM
NTH/THS

2

n

)

rocket nozzle exit area (ft.

1 for sea level thrust table,
2 for vacuum thrust table

[}

time table corresponding to thrust table (sec.)

thrust table (1lbs.)

4
?
i
4
:
3
'
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NAM3 List: (propellant weight table, input if NID = 3)

$NAM3 in column 2 through 6 followed by:

TWT
NWT/WPR

time table corresponding to welght table (sec.)

propellant weight table (1bs.)

NAMY4 List: (drag data, input if NID = 2 or 3)

$NAMY4 in column 2 through 6 followed by:

SAREA =

MCH =

NCD/CDD

drag area (ft.z)
(=1.0 when the area is includ=d in the drag coefficient)

table of Mach numbers corresponding to drag coefficient
table

table of drag coefficients

NAMS List: (input if NSPENT > 0)

$NAMS in column 2 through 6 followed by:

PTI

WTS

L}

NTAB/NID

'_EBTE: there should be one or two values for NID--

print time interval for spent stage printout (sec.)
spent stage weight (1lbs.)

array of phase control constants for spent stage
trajectory:

1, to read phase message only
2, to read phase message plus drag table
4, nothing is read in

one value for the start of the spent stage
trajectory and a second value for apogee. If
the trajectory begins after apogee, then only
one value 1s needed.

JU—

e

Last card of input data:

299999 in column 7 through 12

PTGy R R e R




7. HYBRID 3-D OUTPUT DESCRIPTION
x Printed output can be in English and/or metric units by setting
the input constant NSYS. 1In addition, there are six different
page options which can be selected using the array NPAGE. Tape
output 1is in English units only. Printout peculiarities are

listed below:

1. If the launch rail simulation is used (when LENGTH > 0),
output will be suppressed while the rocket moves along

the rail.

2. At phase changes, there is double printout plus a phase

message from the input data.
3. Built-in messages include:

TSTOP, printed when the trajectory is terminated at a

{
given time.
APOGEE, printed out near the actual apogee.
ALT=0, printed at the end of the trajectory when the
altitude equals zero.
4, TIIP output is suppressed for spent stage trajectories.
5. Above the atmosphere limit (400,000 ft.), the MACH
number will be blank.
i Notes on Metric Units: é
‘ ;
;_ nt = newton lbs. = pounds 1 ft. = 0.3048 m g
kg = kllogram ft. = feet 1 N.M. = 1.852 km
m = meter N.M. = nautical mile 1 1b. = 4,4482 nt j

1 slug = 14,594 kg
$ 1 1b./£t2 = 47.880 nt/m°
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PAGE A:

TIME
ALPHA
TH EL
FL EL
FL AZ
ALT
RANGE
LAT GD
LONG

PAGE B:

TIME
TERUST
WEIGHT
DRAG
MACH
DYN PR
REL ACC
REL VEL
MASS

. PAGE C:

TIME
XL,YL,2ZL

VXL, VYL,
VZL

RXY
GAML

VEL-L
RLDOT

]

time from launch (sec.)

angle of attack (degq,)

thrust elevation angle (degq.)
velocity elevation angle (degq.)
velocity azimuth angle (deg.)
altitude (ft.)

surface range (N.M,) ,
geodetic latitude (degq.)
longitude (deg.)

time from launch (sec.)

rocket thrust (lbs.)

rocket weight (lbs.)

aerodynamic drag (lbs,.)

Mach number (suppressed when altitude > 400,000 ft.)
dynamic pressure (lb,/ft.2)

acceleration relative to earth (ft./sec.z)

velocity relative to earth (ft./sec.)

mass of rocket (slugs)

Launch Site Coordinate System

time from launch (sec.)
position coordinates (f£ft.)

velocity components (ft./sec.)
tangent plane range (ft.)

velocity elevation angle with respect to tangent
plane (deq.)

velocity with respect to launch site (ft./sec,)
rate of change of slant range

bt

4
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PAGE D:

TIME

SL RANGE
LOOK AZ
LOOK EL
VEL
EAST

NORTH

VERT
VEL-E
VEL-N
i
VEL-V

PAGE E:

TIME
LAT GD
LONG
RANGE
IP TIME

PAGE F':

TIME

VEL
ACCEL

Radar Site Coordinate System

= time from launch (sec.)

= slant range from radar (N.M,)

= look azimuth (degq.)

= look elevation angle (deg,)

= velocity relative to radar (ft./sec,)

= distance to the East (+) or West (-) in the tangent
plane (N.M,)

distance to the North (+) or South (-) in the tangent
plan€ (N.M.)

distance (+) above the tangent plane (N.M,)

East (+) or West (-) component of velocity (ft./sec.)

= North (+) or South (-) component of velocity (ft./sec.)
vertical component of velocity (ft./sec.)

Instantaneous Impact Points (Vacuum Trajectory)
[NOTE: Page E is suppressed for spent stages]

= time from launch (sec,)

= geodetic latitude of IIP (deg,)

= longitude of IIP (degq.)

= range of IIP from launch site (N.M.)

= time from launch to instantaneous impact (sec.)

Inertial Coordinate System

= time from launch (sec.)

distance from earth center (ft,)
inertial velocity (ft./sec,)
inertial acceleration (ft./sec.z)




SPECIAL TAPE OUTPUT

This tape i< high density (800 BPI) and contains 71 words per record, as listed

below (those not listed are equal to zero):

Word Number

© O -3 B O b W O =

D DD e e et
W © w B N O

37
55,56, 57
58,59, 60

61

62

63

64

65

66

67

68

Contents (English Units)

TIME
WEIGHT
THRUST

VEL (inertial)
R (inertial)
ALT

RANGE
MACH

Q

LAT GD
LONG
ALPHA
FLEL
FLAZ
THEL

REL VEL
XL, YL, ZL
VXL, VYL, VZL
RXY

GAML
VEL-L
RLDOT

IP TIME (IIP)
LAT GD (IIP)
LONG (TIP)
RANGE (IIP)
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Deck Set-Up with Object Program on Tape

$ IDENT 153200, HYBRID 3D
$ EXECUTE

$ LIMITS 100, 30K, 0, 10K
$ TAPE Ry, X1D,, 3969

$ DATA 05

$ INCODE  IBMF

(data cards)

$ ENDJOB

***EOF

Deck Set-Up with Object Program on Cards

$ IDENT 153200, HYBRID 3D
$ OPTION FORTRAN

(object deck)

$ EXECUTE

$ LIMITS 100, 30K, 0, 10K
$ DATA 05

$ INCODE IBMF

(data cards)

$ ENDJ OB
¥X¥EOF

i s o
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SAMPLE INPUT AND OQUTPUT

This 1s a Nike-Cajun trajectory simulation using a 2-inch
launch rail and initial velocity equal to zero. Four phases
are shown: stage 1 thrusting, stage 2 coasting, stage 2
thrusting, and stage 2 coasting. Input tables must be in the

order specified by the NTAB/NID array:

3 for stage 1 thrust; weight, drag input (NAM2, NAM3, NAM4)
2 for stage 2 drag input for coasting (NAML)

3 for stage 2 thrust; weight, drag input {(NAM2, NAM3, NAM4)
2 for stage 2 drag input for coasting (NAMAY) ‘

4 for no input at apogee

The beginning of each phase is given by the NPHS/PHT array:
-0.017 sec for stage 1 ignition
3.523 for stage 1 burnout (and separation)
17.0 for stage 2 ignition

22.0 for stage 2 burnout

Note that the times used for the thrust and welght tables are
relative times which are added to the phage times by the pro-
gram. If the first stage thrust table begins with a value less
than the 1lift-off welght, then the ignition time must be adjusted

so that lift-off will occur at zero time.

o o e o e e e Ty A mem &
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L i NIKF-CAJUN TDAJFCTGPY STMULATION e
. SMAMA VT = 0e0y_ _ __FL = RQeOs A7 = ]20 Oy GFO = 1,
— __PHI = 37,8480, _LAMNDA = =75,4736s TIME = 0.0y ALT = 040
o . LENGTH = _41667%__ __ e
TSNAMR__PTI1 =045, NSPENT = O NSTOP=1, TSTOP = 2540+  NSKIP=0s _ _
{ KSTOP = 0y _ THCON = 1y __T1=Qe0s _ALTC= O 0’ e
.. NSYS=1,  _ NI 1P=0, NPAGE= 1,2%

: SMAMS PHID = +37.,8480, (|AMNDAQD = ~T75,4736,

. . DHI1 = _+37,8412, | AMDA] = =76,4858% o
_ SMAMT '\'PHS/DHT = =eD1T7y  3,5234 17,09 2240 _ _
e _NTAB/NID = KR _ 29 2y 2y 4% .

_SNAMU__ NMT/WIM = 564405 _07elks WPL = 5040
— __NSFP/TSEP = 2,523,
WTP = 738,00y 1190,0% .

__SNAMY__ L SM _=A,2.’*89 INFRT = 150040s CNA = 154478
e 1eT TH . _STAGFR 1 THDUSTING _
__.__,,___.T’NM‘? Ap:“ =1 5’._ JOoT = 1, — ——— - -

— TIM = _ 040 04015, 004, 0e0%s 0609 —

__e15y 0484y  lelby _ leThy . 2e0&s__ .
2634, 2¢49, 2e64y 2679y 24 99’
‘ - 3409y 2421y 3428y 334y 3440y
| R T P T S . T
i NT_H/TH‘; = 10923, 264794y 1941".9 “16?309“ 42"‘970’ e
: __ 4258949 43263.: ‘t3551.9 447054 4566".__’_~ e
E _.464_8_2_‘0.9__'_“__4_67-2‘{,—9 A‘570.’ . AZQ.,“Q! 37975.’ e
1 336484 2403&_._9__ 16‘*_&‘*.9 108644 653849
R 226Res__ O e e
smAM3 TWT = 0.0, 0401, 0e0b4sy  N405) n'009’ e

o R .15, 0 8“9 . __!.ol‘i, o 1.7‘89 o 200‘*0 e

L . __‘_2_9_34_9~~__2 4.9)_____-_. 2064y 2-7°’ o 20990 . o
- 3409y 2,21y 3.2By _ 3e34s  _ 3440y

3446 2,54,

NWT/WPR = 738,40y T37e26s 73210y 729,98y 721620 ___  _ __

— Z o T074RTy 552307 48540y  bb A3y 275678y . _ ...
203,77 166460y 130642y 95,72y 5341y
34469 16460 922, 4,95y 2022 ~
e o o 0589 0005 e e

IJA _ SNAMSG SARFA = 1, 4741‘
;‘ e MC_H~= i Qo’__ . 0075’_ _'1000’ }5'20'_‘_ ._1_060.’_ e o
) 200y 2440y 24809 34309 __ 4400

[ 1S 540y

g — .2ty B e e - e -
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L ™
NCD/CHD = .675’ .f_qq’ 0925, ._8_:’_0’ 0__7___8_0'
0110 46608 08153 45655 e520 e
S 'Y -1 L S ‘ -
I CHAST . STAGE 2 COASTING .
e SNMAM4G  SAPFA = 23y
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RFAN(5,NAMO) i .
C REAN(S,NaMR) — "~ © 7T T e e N
READ(5 4, NAMS )
READ (5, NAMT) ,
C READ{S NAMY) 777 77 T e ~ T
~ READ (5, NAMV) ' .
PRINT 13 TITLE — T
(T TTIRRINT 10, E Az T T T e
STPTI = oTY . o
d IF(NITP ,FQ, 2) NTaAP=> L o e
( b I_F(N!IP .EO. o OOR.. N';Ip QFQ. 2,_ GOTnZOO__ . e e e -
NCYC = 10,%pTy ) —— .
_PTrL = a1 e e s
( 200 CONTINUE T e
HIGH = PTI1/2, - — e
DTO0 = PT1/8, T L ) L -
( —_ D70 = AMIN1(0,1,DT0) - . — a . .
DT = nTC e e e e o B
EL = EL*CONV ,_ ) T

__AZ = AzxcONV
PHIO g@PHIngQﬂ_"_w“”w“._
EPS = PHTO0 o

¢

e e - .

- e e e e+ e v s

( PHY1 = PHI1*CONV e . e e
PHT = PHI*CONV ) .
LAMPA ~ = LAMDAO¥COMY o e T T

( LAMPAY = LAMpAl®comy 77 7C T —— T
LAMNA = LAMDAXCONY
CAZ = €O3(A7)

( ~ SAZ7= SIN(AZY ~ T T T T v s e T

{ (_~MH,WMMVWMMM"“_“mW- e e — e

B TP

[ v

R ol




™

W —.
>
C o,

T T iﬁE"I(Ra/oa)**2*sxn(ouvo)/cns(ouro» o
e ____PHI0 = ATAN(ARG) - e — e —— T
_FPS = FPS ~ PHIO e e et -

(QR/PA‘**2*SJ&JBHLl1§Q§LRHLL“__-
PHI_= ATAN(ARG) e
ARG (RRIQA)**Z*StN(DHII)ICOS(PHT1$
PHI1 = ATAN(ARG)

ARG

SEL_= SIN(EL)
SELGD = SEL_ —_—

CEL = COS(FL) .

IFINGFO .EQ. 0) GO TQ 250 e —
CEPS
SEPS

wiu

SINIEPS)

SFL_= SEL*CFPS — SFPSxCFL¥*rAZ

FL = ATANZ(SFL,SORT(1,0 - SEL*%2)) T . ~
Az = ATAN2 (CFIL%SAZ, C“DS*CFL*CAZ + SFPQ*SFLGD)
!F(AZ OLT. o 0) AZ = AZj- _P__IVZ__,M_“____ e N

L CA? = COQ(AZ) o B o e e

SAZ = SIN(AZ) —
250 CONTINUE

. TFINMT €0, 1) GO TO 316 ~
4 SUM = .0
DO 31 _J = 14NMT

_SUM = SUM + WTM(J)

- WRM = SUM — e T
-—o. . . _NMOTY =1 el i}
C - - - - - - -— - -

C INITIAerr WETAHT n: DPnDFLLANT
SUM = .0

et e e 2 mm e - ———n

215 CONTINUE

SUM = SUM S+ WTPUJY N —— T

L TTTTwep2 = sum T o e o

GO 10 317 i -

216 WPP2 = WTP() o T T -

T T TweM = WMLy T T T ,m_ —
NMOT = 1 o _

.. 2YT_CONTINUE 7T T e

—— .. _KDFL =1 T e e -

1 v
fdraisn

COS(EPS) = s

c T I T _ T
{ (4 INITIAUIZE ROCKET MOTOR WEIGHT '~ T

_A10 CONTINUF T T e e e T




o NPFL =1 o T T T
( __ _ kPH =1 o i L _
NPH = 1 o o e
( = READ FIRST PHASF npaTta S

CALL TABLF

NPH = NPH + NPFL 7~ "7

- ada e v

( KPH = KPH + KDEL e
SPHTIO0 = SIN(PHTIO)Y T T T T T e
CPH10 = COS(PHIO) - - -
C U SPHIl = SIN( oHIY T T T
N of -1 ¥ B O S ol o X 4 =¥ 3 T
X0 = RF¥CPHTO*COS(LAMNAD) . o .
( . YO = RE*CPHIO®SIN(LAMRAO) - T T o
20 = RE*SPH1O oo T T -“ -
SL = STN{UAMDA)
C CL = CoStLAmMpA) — — " ' T T T e
SPHT = SIN(PHI) Tt T T T T e e e
CPHT = COS(PHN) o
( LONG = LAMDAO —~  ~~~ T 70 T T o e T
CALL LAUNCH 77 T T T tm o e
{ VX = VT¥COSTEL)¥COS A7) - -
( VY = VT*COS(FL)I*SIN(A7) - e
[ VZ =<VT*SIN(EL) e L
. IF(NSKIP oEQo O) Gﬂ T(\ 318 o N o _ B
( R__: RE + ALT _ o . N
LBAR = LAMDA_} OMFr‘A*(TIMF '[0) . s
7 = R¥spHl ] - .
« .Y = ReCPHI*SIN(LBAR) e _
X_= R®CPHI®*COS(LBAD) e,
L _CALL MATROC S ]
C e NLIN = 1 i . )
GO Y0 31
218 CONTINUF T U ) R ) o
¢ ___ _cAz = costazy ] o
SAZ = SIN(AZ) R -
VXL = VX#CAZ + VY*SAZ - T -
C __ N = w2 o B L L
XL = LENGTH*CFL
ZLU = ALT — -
( 77T THFTA =L~ o e rermmmemmemmem e e e
: 7T CALL ATMSPH T T CTTT T - i
v ¥ — — —
( T2 7T SOLVE ANGLF OF ATTACK EQUATTONS o
CO o — . o - ) o

. . ' .
.
L A i Ot et A S NI T e bn e sl e e Mets e




XL*CAZ

CALU ALFa T T T
TCALL MATLCH

m
g
1"“
X
"

 XL#*SAZ

C . ZLCH = ZL o e
22 = Z\CH - RF =
CALL TRANSZ(NLCH-FLCH ZZoUX;UY,UZ)
X_= Ux__ e e
Y = Uy
Z = UZ o
R iSQRT(X**Z + Y**Z + Z**Z) . o .
ALT = R - RF
VX = VXL®#CAZ _ N
VY = vXL*Saz e __
VZ = V7L
219 CONTINVF L e

COMPUTE INTIIAL VFLOCITY

CALL TRANSZ(VX;VY "2 9”X;UY;UZ) ~

( XDOT = —OMFGA*Y + UX

e .
. ?‘ .

{ YDOT = OMEGA#*X + UY B ~
- ZDoT = Uz - e e
{ L N L o
rooa INTTIALIZE S ARRAY
N=1 . e _ I e s
( Sy =X } - R e .
S(2sN) = Y e
_ S(34,N) = 2 N L e .
( _ StasN) = xDPOT
S(54N) = YPOT e L N o
I S(6ON, = ZDOT o o _
Co o B .
o __COMPUTE ACCFLFRATINN e e
—_..NK =1 . - ] N
(. CALL ACCFL3 L
THFTA = FL o
FLPRFV = F/(  _ ~—~ —~ ——  — o -
{ . IF(VT LT« 1,0E-5) Go0 TG 320 e
[«
¢ COMPUTE OUTPUT DATA -
{( ____TTCALL DATA1 T - )
NN =2
C et T T ] T _
( ___ € " STORE DATA TFMPNRARILY T

'S S

- g T

i




————— e — .

CALL .SETSA. ... _. e e s mm et = m e e e e
IF(NS(U-Z_.EO. O en Tn 120 e R e e —
PTIME = TIMF

. TFRAC = 0, ,0 e . _ e

Nitp = 0

NUIRST = NYTp. . T e e e

CALL _OUT

NI1P = NTIPST.

TIMY AINTITYMF/STPTTI*STPTT + STPTI

nin ll

JIM? = AINTI(TIMF/OTT)I®PT] + PT]

NLIN = NCYC = TINT(10,#(TIM] = TIM2 + 1,0F~51) - 1

220 CONTINUE

~__ PTIME

ATNT(TTMF/OTTI*PTL + PTT_ _

TPREV

Ny =X e _ L e
ST(2sN) = Y e _ i L
ST(3sN) = Z .
ST(4sN) = XDOT e e _ e
ST(S’N) = YDOT e e e e o
ST(&:N) = ZDOT
ST(7sN) =_XPDAT _ e e et e e e
ST(8sN)_ =_YDDNT e - e .

ST(9sN) = ZNDNT

TE(VT «GTe 1.0F=3) GO_TO 380

DY = LOW e e e e e e

CALL_RUNGE(ACCFL.3) -

DY _= DTO

GO Y0 351 T T T T e
c _- e

e

____ _FIND PRESFNT ROCKFT MOTOR WFIGHT
240 CONTINUE

IF(ABS(I 0 - TSEP(NMOT}/TIMF) .LT. _1.0E~ -6) GO _TO 331

GO TO 332

_27 NRM = WRM - WTM(NMAT)

_SPT = LSPT +1 L
DO 33 J = IQQ L _ N .
SPSLJ)LQRIIN? QT(J,I,___»__ - X R _
230 CONTINUE

SPS(11sLSPTY = FL =~~~ . o
SPS(1 LLSPT) = TIM? L e .
NMOT = NMOT + 1

132 CONTTNUE o e e e e e

C

— e — .- . [ Tt e e e s chan e e e ekt ——— b - ———— s hne ———— s o —— o —— e e

oy e 4 B e e

A e s




RamiY

=,

2y

o o,

T TETTTTTTTREAD IN DATA FOP NEXT PHASF. T T

___CALL_TABLE o i

KPH KPH + KhFL

NPH NPH + NhFl

1‘0 CONTINUE

[
C

CALCULATE NEXT TRAJECTORY_POINT AT _T_+ DT

CALL RUNGF(ACCFL1)Y

251 CONTINUE

—— e s

—_TPDT = TIME + DT N R
IF((TPDT PTIMF) .GT- Low .AND.»II&F‘QLIgHRIIfEL”QIwi_

1 PTIME - TIME 4+ LOW

n.N

COMPUTE OUTPUT DATA

CALL DATA1
NN =1 —_ —_ e
C L _ L
C STORF DATA TFMPnRAanY
CALL SETSA - L -
IF(NSTOP .EQ. 0) GO To 708

CHECK STOP TIME

f e e S b —— e e iam e e Armme Sm am= e s e e —ae s e

“1F(TIME ,GT, TSTOP) Gn TO 703

7703 1END = 1

T TIF(ABS(1,0 = TIME/TSTOP) oLTe 1.0F=6) GO TO 701
GO YO 708 T o
1701 tEND = 1 , o - -
TFPAC = 1,0 e — -
— PTIME = TIMF e
GO TO 801 T

TFRAC = (TSTOP - TDRFv)/(TVM: - TDPFV)

T NP = 0 T
T T T T PTIME = TSTOP. ) T R
— PHAS = TST T - T i T B
- G0 710 80 o o
N " 708 CONTINUE _ e )

T T TTTALTITUDF=0 CHECK _ T
TFUALT oLFs 0,0 (AMD, FL LLT. 0.0) GO TO 710

GO 70 720 S e
?jg_TFRAC = SA(8320s1)/(SA(S9251) = SA(Rs1,1YY

1END = 1

PTIME = TPRFV + TFPAC*(TIMF = TPREV) -
e o NLIP =0 i e e _ S




Cos i —— e S e
i . .. __PHAS ;"'A”fr"é—"ff"'"‘f"’ T T o

G

_60.710 80y . . e e . e e e
720 CONTINUE

tF(MAp .Fn. 2 ro TO 721

Y

( _C e R e e e
C _APOGFE _CHFCK L
IF(FLPREV LT, 0,0 .00, FL ,GT. 0.0) A0 TO 721 - -
PHAS = APO___ '
KDFL = 1
NDFL = O _
IF(KSTOP +EG. 0) GO TN 728 _
1END = 1
TFRAC = 1.0 o R
PTIME = TIM _
"0 10 80]
728 CONTINUE - e
NAP = 1 . L e _ .
TFRAC = le 0
PTIME = TIMF e -
NTIPST = NIID e R L _ _
NI]P = 0
CALL OUT__ _ e
NItP = NITIPST . e e e i —_—
TIML_=_ ArNT(TrMF/STPTt)*STDT! + STPTI
TIM2 = AINT(TIME/PTII*PT! + PTT S e et e e e e e
NLTN = NCYC = INT(10,#(TIM] — TIM2 + 1,0F=8)) — 1 ___ - -

PTYIME = AINT(TIMF/DTT)*PTT - PT!

GO _T0_ 80§

. 7 A |

_CONTINUE __

c

__ IF NEXT PHASF HAS STARTFN, PRINTOUT DATA
IF(TINFXT oNF, 1) Gn TA 780

INFXT = 0

i PT’MF = TIM‘-‘ oo oymmTmTmr e o e . T
" (T T TTeawL our S T
' TNTTP = NTIPST o
TIMY = AINT(TIMF/STPTT)#STPTT 4 STPTI T
( T7TTTTTTTTTIM2 = AINT(TIMF/PTI)®PTI + PTI oo T
: NLIN = NCYC = INT(10,*(TIM1 = TIM2 + 1,0F=8)) = 1
¥ — DT = PO T T T
! ( TPTIME = AINTITIMF/PTT)#PTE, Pl __ ) o T
: GO TO 805 _
A o 780 CONTINUF L o e o -
N G e
A - L -
( T . o

'?.{.—:'l.'

et et Gt oy hwmd o o e




- — - ——— — ——— e e e e

hiak SEESSR

™~

N

>

C AT END OF PHASF, PRTINTOUT DATA

_JF,UN=XT oNE, 2) 6N TH 790

IF(ABS(1.0 = PHTINPH) /TIME) oGTe _1.0F=5) GO_TO 790

TFRAC = 1,0 o .
__PTIME = TIME

NIIPST = NIIP

— i =t e 0 e

—— e et e -

—_—— NIIP =0

CALL_OUT. e o

INEXT = &
PTIME = AINT(TIME/PTI)#PTI1 + PTT___
6o 10808
- 790 CONTINUE
C e
~ CHFCK TIMF_FOR DRINTOAUT _ .
IF(1END_.FQ._1) GO _To_801
IF(TIMF ,LT. PTIMF) A TO BOS__ -
IF(TIME .FQ. PTIMF) ¢n_TO 800 o o
C ___COMPUTE INTFRPOLATION FRACTION L -
TFRAC = (PTIME — TORFVI/(TIMF - TPRFYYy "7~
- 60 10 801
__R00 TFRAC = 1,0 . e
PTIME = TIMF -
01 CONTINUE. ) ﬁ_
L C_ N e i
¢ T TTCALL ePRINTOUT RoUTINE L T oo
CALL _OuUT__ e
T TIF(1END .EQ. 1) GO TO 840 e
C et e
C SET_NFW PRYINT Tr1Me e e e e — ——
e _'_P_TJME = p‘TlMEA+ eTry _ _ = . —_—
ee....805 CONTINUF .. .
C e e e e+ e
€ oTeRF PRFSFNT VALUFS OF ALL OUTPUT DATA__ _ T ]
e __ ___NN =2 » ;
CALL SFTSA ) o o e
" TPRFV = TIME T -
L ELPREV = FL ) L e o
" RO6 CONTINUE . _
c
€7 T PHASF TIMF CHFCK T
T TTIFINAP ,FQ. 1) GO TO R10 B T
T 6C TO 81 - - T
_R10 NAP = 2 . . e

N .
s Sebastin o < e a8




DT = 10 O*LON )
- GO TO (340,332)4KCON -
——_-.A11 CONTINUE ‘ o e e e e e e e
- ___IF(NPH «GT, NTAB) ~O TO 350 ] _ o “
. _IF(ABS(1,0 = PHTINPH)/TIMF) .GT. 1.0E=5) GO TO 725 o
KDEL = ) e - -
o NOFL =1 o B L »_‘
_ CINFXT = ) e i
DT = 24%OW .
. G670 340 T T e o S
725 CONTINUE o -
IF((TIME + DT) JGF, PHT(NPH)) GO TO 720 o
TF(ABSTY.0 — PHTINPHI/{TIMF 4+ DT)) LLT. 1,0F=5) GO TO 730
GO 10 350 e
930 CONTINUE L
IF(PHTINPHY LLE, PTIME) 60 TO 713 e,
L TF((PHT(NPH) ~ PTIMF) LT, 4,%LOW) GO TO 713 ___ - )
DT = PTIMF — TIME 4+ LNW _
GO TO 350 T - -
713 CONTINUE S L
DY = PHT(NPH) = TIMg ~ —— — " N
INFXT = 2 - i e ]
GO T0 350 o .
-~ C
ﬂ*c e -
___Cc SPENT STAGF ROUTINE T o
R40 NPHS =0 ) L . e
— .____NPH = - e - .. _.
e kCON = 2 L B . L o
_TIFINSPENT1999,999,850 ~  ~ " "~ L
—_#50 KSPFNT = KSPFNT + 1
e . _XPH =)
KPFL =1 o o
o _ KPAG = 0
e DO 65 J = 1.4 _
T PHT(N) = 900000, e
K50 CONTINUE ) i
DO 855 J = 1,9 . . _
IF(NPAGE(J) +FQes 5) GN TO 856
B8R CONTINUE — T Tmmr T -
__ GO TO 85R . ] S B
TTR66 DO _R57 I = J,9 - L - T

T TR57CONTINUE

NPAGE(I) = | NOAGF('*]’

B ey



T @7 T sTHIs1) = SPS(JNKSDFNT)

~~

W
?, . .

A58 CONTINUS ~— _ S
_. .D0 851 J = 1,0 . e

o 8SWJy1y = ST(JL1 ) L o =

_ .. R51 CONTINUE .. — - e
TIME = SOS(10,KSPFNTY . .. . .. e e e e
e FLPREV = SPS{11sKSPENT) . . T L
s ASA(5’2’1’ = ooo N i N o e e e e
NITP = O - e e e
.. 1ENDP =0 S U
KSTOP = 0 e e
NSTAP = 0 —

NAP = .

. —tan s wamt o acam

i e Y 3 s

FPRFN = TIME e e e

NSPENT = NSPENT -1 __ ... _.
READ(SyNAMS)

WTM(KSPENTY = WTS _ e
ARG = TIMF/OTT e e e e e
PTIME = AINT(ARG)*PTI + PT] _
GO_TO 332 __

099 STOP ... L T
END ) y__ _ ) .
4




L. ?~

———— e —

W™
CAFCFLO | . SUR, ACCEIO --= ALFA ACCFLERATIAN FQS, _ _ _ _ ——~ "~
SURRQUTINME_ACCFI0
o DNURLF PRFCISTION THAT ¢SMAT o
e ~ COMMON/STOR1/ALT s TFMP ,PRES yNENS,VISCs SCUND _ B _
e _ COMMON/STOR2/XsYoZ 4R __ L
T COMMON/STOR3/TMAT 4 SMAT4SPHT s CPHT#CL 2 SL_ .
. ... COMMON/STOR 4/ SAREA, VCHoCDD,CDoMACH;hCn.CDS:DRAG . -
- ...COMMON/STORS/TWT s W T +'wOR yWETGHT 4 MASS
. _COMMON/STOR&/PO4WPM,WOL 4 WPP2 yWTM
. __COMMON/STNRT/XDOT s YNNT42D0T s XPNOT»YDDOT»20DOT . L
e . ._ COMMON/STORB/OMFGA ,&F yRAYRByGOIGMIALIM - N
_ ___COMMON/STORQ/S yNK.
a . COMMON/STOR13/XLsZUs THFTA, VXL 4VZL sALPH,GANMA,CAZ, 542
COMMON/STOR14/LSM, INEDT o CNA

L CUMMON/STOQZO/ARFAoIﬁbfoT!MgNTH¢TH§.THPUST

XL = STLLN) -

— COMMON/STOR15/0s VX, VY V2 3VT4ELy AZQRANGF’lAToLONGo € _____@DL
COMMON/STORIG/TIMF,T0 :

_ COMMON/STOR23/SPHIOCOHIOsLAMDAN X0 Y020
COMMON/STOR25/LOV s EPTINY yEPBIGPTI9PI4P12:DT 4 HIGH

DIMENSION TIM(SO).THS(SO)oTWT(‘m).wPR(SO)’MCH(“O)oCDD(So)
DIMENSION S\'AT(3’3)9T\‘AT(3’3)9hTM(6)’S(996) B
_REAL LAT,LONGsLAMNAD,1 OV _ L
____REAL LSMyINFRT,MASSMACH s MCH
__N_= Nk e

ZL_=_S(24N)

— . THFTA = S(3,N) - e -
o NXL_= Sta N . e
e _VZL = S(8sN) e

VL = SORT(VXL’*2 + VZL**Z)

e CALL ATMSPH _ _— - e e e e
MACH = VL/SOU'{D

e e ... @ = (DFNSRVL%%2) /2, e

... C. COMPUTF NRAG _ e e e e e e

e _ CALL TABY e . e

oo __BRAG = CnS*Q — . e

< ~ (‘OMPUTE THRUST o e e
CALL. TAR?

. cC COMPUTE WFIGHT B _ o L

e ~ CALL TAR3 L e e e . e

eeeecee.... MASS = WFIGHT/GO . e e




\

. GAMA_= ATAN2(VZL,VXL) ~ _ _ _
T ALPH = THETA - GAMA
... €S5 = COS(THETA)
i ___SN_= SIN{THETA)
e _7FNOP|‘“ = ('NA*SA"'-‘A*(\*ALPH
. AXL.= (THRUST#CS - PRAGXCS - TFNORM¥SN)/MASS “ i
o AZL = (THRUST=SN = NRAGXSN _ + FNORM¥CS)/MASS — GO
THDD = (-LSH*FNORM) /INERT
. e SUTeNy = AXL T
T T TsissNy =TAzL
_ __S(9sN) = THDD -
—— . RETURN
&~ END

(T —
VT = -
S - I
S ——— —

i
1
%
H
‘
b
I
i
i
'
H
1
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T CACCEL1 SUR. ACCEI.1 === ACCFLERATION FOR RUNGF

SURROUTINE ACCFL1 .

DOURLF PRFCISINN TUAT SMAT

5

COMMON/STCRI/ALT, TFMP DRES;DENSoVISC’SOUND

COMMON/STOR2/XsYs2Z 4R

T COMMOM /STOR3/TMAT s SMATS SPHT s CPHT s CLSL

o COMMON/STOR4/SARFAZMCHCNDCNIMACHSNCDCDS sDRAG

TORIA PG

COMMON/STORS/THT o N T3 wPR 4 WETGHT sMASS

COMMON/STORS /PO s VRV WiPL s WPP2 4 WTM

COMMON/STORT/DXOTsNYNTSDZDT, XDDOT »YDDOT»ZDDOT

COMVON/STORSIOMEGA,R:,PA’RﬁgGO,G“oALIM

T COMMON/STORG/SWNK

COMMON/STORII/THCONgT19ALTC9THX9THY9THZ

COMMON/STOR15/QsVX s VY 3VZ s VT 4 EL yAZyRANGE s LAT 4 LONG3ACCoGDLAT

n~ COMMON/STOR19/TIMFE,TO

T COMMON/STOR20/AREA 4 TOP T, TIM,NTH,THS s THRUST

__COMMON/STCR26/ KCON’KQPFNT

_DIMFNSION SMAT(3,3)9T¥AT(353)95(9+6)

DIMENSICN TI4(50),THS(50) s TWT(50) sWPR(50)sMCHI50)sCDD(50)sWTM(6)

INTFGFR THCCN

"REAL LAMDAO »MASS 5 LOW,LONGs LATs MACH;MCH

N = NK

¢ __INPUT PRESENT PNSITION AND VELOCITY

S(I,N)

= S(25N)

= S(4sN)

o
<
2
-*
R

S{S5sN)__ N

|
!
|
[

_DXDT + OMFGa®Y

pYDT - OMFGA*X -

»)
<
Q27
-
e Rl

S(6sN)

T cALL wMATROC _6¢< U2 000 _ Sl Pl oenl e aiond —

- _CALL_TRANS1(CXDT»CYDTPZDTIWXsWYIWZ) poPrion . 10 . Cheodige ™
—_— VX = WX Gitoe ) M’n—(—

e VZ = e

VY SQRT(VX*‘? +. yxj*z +_VZ2%%2)

R = SORT(X%%2 4 YX¥2 4 72%%2)

_1F(ALT oAF. ALTM) 60 TO 80
C CALL ATMSPH TO FINR SPEEN OF SOUND’ ‘DENSTTY» AND PRESSURE

.




L : - 1
.
—_— e CALL ATMSPH __ . _
MACH = VT/SOUND -
- 6O TO 90 5 ‘ _
o _ _80_CONTINUE _
I MﬂCH = -700
5________- PRFS = o, 0
T ___DFNS = 0,0
00 CONTINUF : : - ’
Q =_ mrmuw**z_uz.
€ COMPUTF_DRAG
e € COMDUTF_ THRUST _
C _ ____ COMPUTE TOTAL _WFIGHT
——...___GO_T0_(95598) s KCON
95 CALL_TAB1_
% CALL _1AB?2
CALL _TAR3
- .. .G0_TO 100
a8 CALL TABR]_
o THDUST = 0 o
_WFIAHT = WTIM(KSPENT) -
_ . 100 CnNTIMUF L .
 DRAG = (CPS*Q _
{ _TTMAss =Tweigniszco . * N
S € COMPUTE GRAVITATIONAL ACCELERATION
— GG = _OGM/R*%3 . -
GX_= ~GGx%X
o _._GY = ~GG»Y .
G2 =_-(GG®Z ) : _ T
_ ___FX = DRAGRVX/VT _
T FY_= DRAGRVY/VT_
o _F2 = DRAGH®VZ/VT - .
CALL TRANS2(FX,FY4FZ411XsUY4UZ ) Qe X0 WA,
. ~__CALL HIRFCT ] “TWSZO4T _ COYReL
. - C _ COMPUTE TOTAL INERTIAL ACCELERATION COMPONENTS
e xDDOT = GX + (THX = UX)/MASS i
o YOPNT = GY_+ (THY = UY)/MASS - .
e _IDDAT = GZ + (THZ_=_U7)/MASS
S{7,N)_= XDDOT !
T S(8,N) = YDDOT N i
. Sl94N) = 2DDOT L e
—— CRETURN
. __+_FND

O Can S




o.L. \ — _m__,_'mu~__'

CACCEL2 ___SUR._ACCFL2 —== LAUNCH _RAJL _ACCFLFRATION

SURROUTINE ACCFL2 <

DOURLE PRFCISINN ST

3

COMMOKISTOpl/ALT,TrMD PP?59°FNSQVISC9§OUND

. _COMMON/STCR4/S8RT A, ucu,cnn rp,MArH,Ncn,CnsonnAG

COMMON/STOP6/TVTgNWTyWPQ9WEIGHT;MASS

LG LN YY Y-S

. COMMON/STORB/0MEGA 4RF PA,RBoGO;GM’ALIM

l

Cnvvou/STO°O/S»M

COMMOM/STOQIO/ST

__CONMON/STOR15/GsVXsVY 3VZ s VT sEL yAZ s RANGE s L AT+ LONG s ACC sGDLAT

COMMON/5T0P17/LE”GTH¢SFL9DIST.LV~L,LACC

____ _COMMON/STOR19/TINME,TO

__COMMON/STOR20/ACEA,1OPT,TTMyNTH» THS s THRUST

_DIMFNSTON ST(104,10)

"DIMFNSION wcutsoy.cnn(qox.TwT(SO\,W’R 50) 3y TIM(50)1 s THS(50)55(996)

RFAL LVchLACC’NACH,VASS

N_=_Nk

v
—
W
pir}
it

S(1sN)

_St4WN)

-
<
M
T~
"

LVFL/SOUND

=
>
“y
I
1]

O = (DENS®LVFL®%2)/2,

C _ ___COMPUTF DRAG

{ —— o CALL. _TAB1
DRAA = CNS*Q

C . ___COMPUTE THRUST

T cALL tAaR>

C COMPUTF WFIGMT

- . _CALL_TAR3 _ 2

.. MASS = WEIGHI/GO — e -

LACC = (THRUST - w:]GHI*SFL - DRAG,/MkQS

S(7sN) = LACC

RETURN_

END




DY
* -y

i'.A

3.C

— CAFCEL3_ sua. "ACCEL3 ——= ACCFLERATION USTNG ELsAZ

SURQOHTIMF,ACCFL3 .

—— ~

__DOUALF_POFCISION TMAT,SMAT

COMMON/STORI/ALT’TFMP.PE£§lDfN§ly}SCsSOU@p

COMMON/STOR2/XsYeZ 4R .

-~

|

_ COMMON/STOR3/TMAT s SMAT »SPHT s CPHT »CL o SL_

(LI ¥ I
1

. COMMON/STGR4/SAREA, MCH,CDDaCD,MACHyNCD1CD§1QRAG.‘

COMMON/STORS/INT9NWI3NPR9WEJGHT,MASS‘ -

LOMMON/STOR7/XDOT,YNOTZD0T » XDDOT 5 YDDOT »Z2DDOT

COMMON/STORR/OMFGA yRF 4RASRR GO IGMsALIM

COMMON/STORQY/SSNK e

COVVON/STO?IS/OoVX,VY,VZ9VToEL,AZ,RANGEoLAT’LONGoACC9GDLAT

. COMMON/STOR20/ARFA 4 TOPT o TIMyNTH, THS 9 THRUST

DIMFNSION SMAT(3,43)sT”AT(393)5S(996)

DIMFNSTION TIM(50)sTHS(50) »TWT(50)sWPR(S0)sMCHISO)CNDISN)

REAL MASSsLONGLATMACHIMCH

N =N

€ _INPUT PRESENT_PNOSITION ANQ_yFLOCJIY

X_=_S(1sN)

Y= S(25N)

Y
S(3sN)

_S{44N)

Z
CS{BN)

Il ,ll lll

DXDT
PXDT_+ OMFGAXY

1

T pynt_:
XQI_:_QMEGAIX

A T T exnT
.S{63N)

—— . QYD
——CALL MATROC

N ¥4 ) N
,_________.CALL,IRAM51(CXDI9CXDT:DZDIAHXzWXAWZ)

—— VX =

VY_ ,AWY

VZ = w2z

———ee e

VT = SQRT(VX**Z 4+ VY Ex?2 4+ vz}*Z)

CFILCA?7 = COS(ELI%COS(AZ)

— e _CELSAZ =_COS(EL)®SIN(A2)

v . SEL =_SINlEL) ___
e _IF(VT. JLTe 1,0F-5)_GO .JO_70

CFLCAZ = VX/VT__

o — e e

CELSAZ = VY/VT

|

!

SFL_==VZ/VT

__ 79 CONTINUF

R = SQPT(X¥¥2 + Y*&Z + Z**Z)

SHAS MNP 3 B inr i Bt WGl N kb o 5 P st SO ton 1 T
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s

FOPa 64814

AN
e ALT. =R = RE___ . -
IE(ALT. oGF._ALIM) GO_TO_80
C  ____CALL ATMSPH TO FINN SPEFD _Q_F___S_OUNDo-QE_NSITY9 AND PRESSURE.
CALL ATMSPH _____
__.__~._.,M_A._C.H_- = VI/SOUND __
GO 710 90
_80_CONTINUE__ . i
MACH_ = =240 L ‘
__.__PREs_=0,0
& DENS = 0,0
90 CONTINUE _
0 = (DENS*VT*%2)/2.,
. CALL_TAB] :
DRAR = _CNS*Q
C COMPUTE_THRUST
e CALL_TAR? —_
C ——_COMPUTE_ROCKFT WEIAHT
- ___CAL) TABRR
. MASS = MWEIGHT/GO
DIFF. = THRUST - DRAG -
C COMPUTF AGRAVITATINON ACgFLFQATLON
e GG = GM/p%%3
— i ._GBX_= =GGXX .
GY = =~GGxY
GZ_= ~GG*Z
C COMPUTE AFRO_FORCFS IN TOPOCFENTRIC SYSTEM
e FX = DIFF*CFLCAZ_ _
S FY = DIFF#CELSAZ -
e F2. ==DIFF%SEL___ e
c_ TRANSFORM AFRO FORCFS TO INFRTIAL SYSTEM __
. _CALL TRANMS2(FXsFYsFZaliX Y4 1)2) _ ~
C ‘COOUTFE INFRTIA] ACCFLFRATION
e XDPDNT_=_GX + UX/MASS —_—
e YDDOT = (Y _+ UY/MASS
e 2ODNT_= GZ _+ UZ/MASS _
... _.S5(74N) = _XDDOT e
. ___5(8sN) = YDNOT e — _ e
S(o,4Ny = ZDNOT
oo _RETURN _ e i
i _._END - -
— ——— ..
R

o MYy b ¢ TR e




L d

SUR, ALFA === ANGLE OF ATTACK EQUATIONS _
SUBROUTINE ALFA __

~ DOURLF PRECISION ST
.. _.DOURLF_ PRFCISION NP1

. COMMON/STORB /OMFGA yRF 4RASRP 3 GOsGMyALIM
COMMON/STORS/S yNK
COMMON/STOR10/ST
_ _COMMON/STOR13/XLs2L s THETASVXLs\V2L yALPH,GAMA,CAZ2,4SAZ

ENS

_COMMON/STOR]1/ALTsTEMP,PRES D!
COMMON/STOR2/XsYsZ 4R

 V.ISCsSOUND

__ COMMON/STORS/SAREA sMCHCDD3CNIMACHS NCN »CDS»DRAG
-COMMON/STORS /TWT o NWT PR s WETGHT sMASS

COMMON/STORT7/XDOTsYDOT+ZD0Ts XDNOTHYDDAT»20D0T

COMMON/STOR14/LSMy INFRT 9 CNA

. COMMON/STORIS/(‘.‘,VX.VY sVZ ’VT’EL9A;_~
_ COMMON/STOR16/SAsARRAY JNN

) COMMON/STORZO/AREAoIODT’TIM NTHsTHS;THRUST

ANGE s L ATy LONGyACCsGDLAT

COMMON/STOR18/TFRAC s LINE s PTIME CONV 4 IF
_COMMON/STOR19/TIMF,T0

END» IPRINTyNPAGE

COMMON/STOR23/SPHIOsCPHIO L AMDAO 9 X05Y0 20

. COMMON/STORZA/PHT NI“,NTAR.NPH KPH

DIMENSION NPAGE(10)

_COMMON/STOR25/LOWsFPTTNY sEPRIGsPTIsPTsPT129DT yRIGH -
DIMENSTON TTM(50) 3 THS(50) 95(996)»THT(50) WPR(50)

DIMFNSION. DHT(l&)oMIO(lA)’MCH(SO)vCDD(‘O)
DIMFNSION_ | ST(20.10),ADPAY(109“0s10)’SA(1092oln)

REAL LAT,LONG, LAMDAO,LOW

REAL LSM, INFRTMASS

REAL MCH, MACH

EXTERNAL ACCFLO

U PTIME = AINT(TIME/PTIV*PTI + PT] 3
TLIM = PHT(2) - 1,0
_TPREV = TIMF - -
e _CALL ATMSPH e
o MACH = VT/SOUND L
o a_= (DENS*VT®%2)/2, L
. _CALL TAB)
_DRAG = CNS*0 i
CALL TAB2 o
TcALL_TAB? __ -
~ MASS = WFIGHT/GO

M e A s b 0




¥q§r**¢r

et ot - —— ¢ e e e e

't\

C INlTIALIZF LAUNCH VARIABLFS
__AXL_= (THRUST - DRAG)#COS(THFTA)/MASS
_AZL = (THRUGT - nnAG)*SIN(THFTA)/MASS - G0
I THDD g_o.gw_ﬂ_
IF(VT oaGTe 1, OF—S) G0 10 80
DPY = vxL __ - -
VXL DP) + (1,0D=A)*a¥XL
DP1 : ZAN
V2L - DPl + (1.0D-6)¥AZL

’ll ntu ll

- TIMF = TIME + 1,0€-6 -
“ 80 CONTINUE_ ~
VL = SQRTIVXL®*2 + V7| %%2)
C INITIALIZF S ARRAY

N =1

e __SI1sN)_= XL - _

] SUoaNY = 2L - )
_S(3,N)_=_THFTA

TS LA NY
S(5,N)_:
_S{6eNY
S(7,4N) - AXL
__4“_______5(83N) _AZL

S(9sN) = THDD ——

II ll Ilfll |l ]

ROV NI . Py P — <

DO 90 J. =“196 _

ST(Jsl) = S(J»1)

... o0 CONTINUF - e
——...100 CoNTINUE _ ____ __ e
... CALL RUNGF(ACCFLO) i — _ e
e L TPDT = TIME 4+ O T o e
_IF({TPDT = PTIME). +GT. LOW_oAND, TIMF o LTe PTIME) DT e

1 PTIMFE = TIME + LOW
o AXL_= _St7.1) e
__________________ AZL = SUBs Y)Y
e NT = SORTU(VXL®%2 4+ V2| %%2) o : e

CALL_MATLCH _ —
_ XT = XL*CAZ ‘ T
YT_= XL*SAZ

e e ZT : - :.L____

221 = 27 ZRE ' T o

o CALL _TRANSZ2(XTsYT+7ZT.UX,UY,UZ).

[ I A S N




LR TS

- e
— ———— A - e e e
—— — —_ -
Y = Uy
Z =0z
_ R_= SARTIX**2 + Y*%2 + 2%%2) _

ALT = R_-_RE -

VX =_ VXL*CAZ

VY _= VXL%SAZ

VZ = = V2L__

CALL. TRANSZ(VX9VY’VZ’“X9UY;UZ)

XNOY_ = —OMEGA®Y + UX

YDOT = OMEGA%X + LY

uz

ACX = AXL*CAZ

ACY = AXL¥SAZ
AC2 = =A7L_

CALL TRANS2(ACXsACY»ACZsUXyUY»UZ)

_XDDOT_= UX = 7 *OMFGA*YNOT + OMEGAX%2%X

_______YDDOT = _UY 4 2,%CMFGA*XNOT + OMEGA¥*2%Y o
2pnoT = uz
— __ . CALL nATA] -
— . __NN_=1 -
CALL SETSA -

"IF(ALPH ,GT, 0.,0) =0 T0 750

_TFRAC = SA(1,2+1)/(SA(15291) = SA{1s1510)

TFRAC = BRS(TFRAC)

TIMF = TPREV & TFRAC*(TTYF = TPRFV)

TR = X2+ TFRACKHIXL - XLZ) e

2L = 702 ATTFRACH(ZL - ZL20 B i o

- VXL = VXL2 + TFRAC#*(VXL = VXL2)_ L o

e VZIL = VZL2 + TFRACE(VPL - vzL2) . R
GAMA = ATAN2(VZL,VXL)

o ___EL = GAMA___ — -

S <14 TO 200 e

L 750 CONTINUE _ R

- _IF(TIME LT, PTIMFY GA TO 805

_ IFITIME LEQ, PTIMF) GA TO 800 -

C ___CCMPUTE INTERPAI'ATTION FRACTION ]
. __TFRAC = [PTIMF_ = TPRFV)/(TIMF = TPRFVY _ i
o GO 10 801 =~ T S -

RO0 TFRAC = 1,0 CoTmmTm T T T o

S Bk Ve S b Aiers ok a4 e




. -
) __PYIME = TIME
01 CONTINUF___ ~ N
. C __ _ CALL PRINTOUT ROUTINE .
i CALL NUT
i C SET NFW PRINT TIMF
T PTIME = PTIME + PTt N
805 CONTINUE
C . STORE PRESENT VALUFS OF ALL OUTPUT DATA
NN = 2
o _CALL SETSA
TPREV = TIME
_ . XL2 = XL -
212 = 2L
- T VXL?2 = _vxL
o N2L2 =VvZ2v o
T IF(TIME LGT. 20,00 GO 1O 200
L IF(TIME LT, TLIM) GO TO 100
__7_00 RFTURN . e
END

e

ets WA i min




e — e — e

o
. :

JATMSPH SUR, ATMSPH ——= ATMOSPHFRTC_VARTABLFS_
o SUPROUTIMF ATMSPH L
( o COMMON/STORI/ALT.TFMD PRFS ,NFNS,VISCy SOUND
CoMMON/STORB/nMFGA RFLRASRRY(04AM, AL TM

COMMON/STOP16/PRESOoﬁfNSOoTFMPO¢$OUN000K19CON1,KPPFV ?Tﬂ

o e m e m - Aeaeaes e s mermre amm e ee o e ai— . ot 2t ninn s S At et A tm v < b e A

mmah mmme e . @ e asm e cea e h G S e e . S e b SAm A ———————— - 0p oy <

( . __COMMON/STOR37/TSLODF,HALTB,TFMPB,PRFSR .
DIMFNSTON TSLOPE( 0)sMALTB( _9) 4TEMPR( 9) 4PRFSA( Q)
_______RFAL X1 e o
( HALT = ALT*(RF/(RF + ALT)I*CON1 e
CALL INTFRP(HALT,N,$900,$800)
DHALT = HALT - HALTB(M) e T
( TEMP = TEMPB(N) + TSLAPE(N)*DHALT L T }
_IF(TSLOPF (N}140045500,400 - - pmmee e s
400 CONTINUE i o - o
( PRATIO = PRFSRIN)*(TFMPBIN)/TEMP)*%(K1/TSLOPF(N)Y = "~
C T e e

———— e 60.70_600_____ e e e e e e
(( .. 500 _CONTINUE. . e L

PRATIN_= PRESR(N)*#EXD( (= K1/TEMPR(N) ) ¥DHALT). __

600 CONTINUE o L
( ———eeie . TRATIO = TFMD/TFMDO . . o _
DFNS_= DFENSO®ORATIA/TRATIO . . _ L L
__“w"m_*__,§OUND Q_SOUNDO*SQQT(TOATIﬂ)f“__“ e _ ]
( &e_______PRFS = PRATIO*PRESO I . )
__RFTURN ___ _ _ _ _ - U
~__p00 prRFS = 0,0 i i L . ~ :
( DFNS = 0,0 S :
DENS F‘__Qoo‘ R . e e e e e e e —— :
e e SOUND = 0.0 o
( . _RFTURN _ o B g
099 PRFS = PPFSO L . - e o
. DFNS = DFNSO ~ - o ’
< - TEMP = T=Mpo e e i i

SOUND SOUNDO

—  ___RETURN. T T
( L END. L
2.

' ) ¢
< Ay ALEE e A e AN 1Y v AL m o a a,

W T s e 1o -



L
t :

( ____7Rrock_ . A , e e
BLOCK t)ATA e e
COMMON/STOR36 /PRESO 4 PENSO s TFMPOs SOUNDD » KloCO”loKDRFV e
( COMMON/STOR37/TSLOPE sHALTBsTFMPRsPRESR e
DIMENSION_TSLOPE( 9),HALTB(_9 9)sIEMPBYL 9LoDRF<ﬁj 9) .
REAL K1 _ ———
( DATA_TSLOPE/ =6, 55-3,0,001, 0E~3,2. 8!‘-‘-‘490.0,-2 WNE= 3,-4.0?-390.0o
1 0,0/
DATA HALTB/ 0,0,11,0F4+3,20,0F+3,32, OE+3967.0F+2452,0F+3,61.nF+3,
( 1_7° t+3,88, T63E+R/ S
DATA TEMPB/ 28841542140655216¢65092284+45270 659270651252465 _
1_180,65,180,65/ R
( DATA PRESB/ 1,0.2.23361F~ 1o5.40328F-2.8.%66‘"—'-391.0945%!-'-3’ e
1 5.82289F- =491 0 7STIRE=Ly]1.0241E~ ~59146223F-6/ _
_DATA PRESD/211642/,DFNSC/242769E - -3/TFMPO/2RR.1S/y e
( ___1 SOCUNNO/1116445/5K1/34, 163194E~ 3/’C°N1/-“0“8’9KPQFV/1{-“"«n_","ww_A_
EMD __ _
( e - e e e e e
{ I ) e e e
QR S S,
|
o
5
i
3
(é
i
H
}

oA Wbt .




————— e s —— e

____COATA1  _SUR, DATAl ==~ COMPUTE APDITIONAL OUTPUT -_
. sUBROUTINE_DATAL o
""DOURLE PRFCISION CCS _ o N

[INCIUNIFL I

———— et e

e mmm————

—————— - —

————— s ;.. e =

-—a— ———

- Qn;
.|

e e ——— s w—— e

et e s e
- - e e st & 1

COMMON/STOR1/ALTH»TEMP, pRFSODENSQVISCQSOUNDA_

COMMON/STOR2 /X oY 73R

COMMON/STORT/XDOT 3 YDNT 4 ZNOT o XFNOT o/ ADOT s Z0NOT

COMMON/STORB/OMFGA,RF ,RPALRR,GN QGM’A.IM

- e i

COMMON/STOQI3/XL,ZL9THFTA9VXL,VZL’ALPH’GAMA.CAlosAZ

COMMON/STOR15/QsVXyVY4sVZ sVT4EL 9 AZ 9 RANGSE 9L ATy LONGyACCyGDLAT
_ COMMON/STNRIQ/TIME,TO

COMMON/STOQZS/L“W9EPTINY9=PBIG PTI’PI’DIZ’DT HIGH

COMMON/STOR27/1IPLAT»TIPLONSTIPR,LIIPTIM

COMMON/STORZB/RLCHoAZLCHoFLLfH VFELLCHFL CgoNL_HoZLCH'FDLCHo

NDLCHZNLCH

. o———— — . _ —— —— ey it

'\'DQA'\,ZHPAD e e

rnMMON/SIORﬂolﬂrLTA.VtLoAPCI

_REAL _NRANJNLCHINNRANGNAL CH _
PEAL _TI1PLAT.JIPLON,JIPR,JIPTIM

e L EX = XDDOT. 4+ _2.%OMFGA*YNOT

oo

ACCI = SQRT(XDDOT##%2 4+ YNDNOT*%#2 4+ ZDDOT#%2)

et — i 4 0 st

———— ——— e

et Yy o e - o

.CALL,TQANSl(EXQFY’929ﬁCX99CX9ACL)

 IRAD =-W2_ - RE.

PEAL LAMDAJMASSyKyLOW,LONGS LAT’4VACH MCHsLAMDAD

VEL = SORT(XDOT#%2 + yNOT#%2 + ZNOT¥%2)

————

T _= OMEGA®#28X
EY. = YDDOT =~ 2,#OMEGA®XDQT_ = OMEGA#¥2xy _ __

EZ2_=_20DOT

!

—— o —— -

ACC.= SORTIACX®%2 + ACY®%2 4+ ACZ¥%2)

CALL VATDAD R e . -

CALL TRANS1(X, Y’Z|“X’”Y’w2)- .

PO S —— —

ERAN = WY

- E————— g

—— —— e s =+ =

———— — -t

_CXDT

NRAD = WX

_SORT(FRAD*%¥2 4+ NRAD*&2 + ZRAN®¥2)
XDOT + OMEGA*Y _

RRAD.

~ —-— —— ———

£ynT YNOT - OMEGA%YX

CZdT = ZnOT___ S -

CALL_iRANSI(CXDTLQXQI;SZQ.zNXAHXJWZJ

R EDRAD = WY -
L T NDRAD_= WX — ] -
__”“_-__.-ZDPAD = -Wl_ . - e e .

i
.
?
:
i
i
!
i
]
}
1
o
i
'

- ot
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VEL'?AD-- --SOP.T.( EDP eDi?.Z_iND.RADLZ- ..ZDPAD!SZ )
_ SRT = SOPT(FRAD®%#2 4+ NRAN*#2) _ _ . .

" ELRAD = ATAN2(ZPAN,SRT) _ L _

oo AZRAD = ATAN2(ERAD,NRAD)_..__ _— — e

eeee e . . _IF(ALRAD oLT,.0.0) A2RAD _= AZRAD_+.P12 — i

! e CALL MATLCH - —_— : -

i — o CALL TRAMSL(XaYsZ W Xe"YeWZ) N

i e e JELCH = WY o

‘ ——eeee o NLCH =

R g

| o . __2LCH = -WZ =_RE . _ e e —

| o s. __RLCH .= SQRT(ELCH*¥2_ + MLCH%*2 4 ZLCH%%2)_ o

j o _CALL .TRANSY1(CXDTsCYDTISC2DT oW XsWYsW2Z) . __ -
EDLCH_= - : :

. _2ZOLCH = =~WZ_ ) ' : e —

| .. _NDLCH_= WX _

__.-,-_,,..,_._,_VELLCH _SQRT(EDLCH#%2 + NDLCH#*%2 4+ ZDLCH**Z)__ e

| o ____SRT = SOPT(ELCH#*2 + NLCH¥*%2) )

: e CELLCH = ATAN2(ZLCH,SRT) — e

| AZLCH = _ATAN2(E1CH NLCH)

f y e, TFLAZLCH LT, 0,0) AZLCH_= AZLCH ¢ P12 _ ___. .

( e .. XL = FLCH®SA2 &+ NLCH®*CAZ o . . -

YL =-fL('H*CAZ 4 _NLCHRSAZ . _——

|
': DR thba R - -

2L = 2WCH_ — :
VXL = EDLCH#SAZ » NPLCH#®CAZ . : : ——e
V!L.E.-F.QLC,HJCAZ + MDLCH*S2Z :

S, vZzL = 2DLCH_ . _ . . ~. — — ———
( e .. RXY = SORT{XL%%2 4 Y| %42) - -
' CSRT.= SQRTUIVXI*¥%2 4 YYL®%2) . - o

— ———— - =

. GAML = ATAN2(VZL.SOT) _ _ T |
o RLDOT = (XL#VXL + YL¥VYL + ZU®VZL)/RLCH_ . . ___ . __ .

RANGE_= O, '
e . JIF(RLCH (LT4.5,0) GO_T0_700 —— . _
e~ CCS = (R¥¥2 4 PE®%) = RLCH*%2)/(24*P*RE).. ,
o __IF(DABS(CCS) «GTs 1.0M0) CCS = 140D0._ . ___ : : !
_ DELTA = DATAN2(DSQRRT{1.4~CCS¥%#2)9CCSY . _ .. e e —_— -
) RANAFE = RE#DFLTA . _ .
200_CONTINUE
i CSPT = SQPTIX#%2 + y##))
! . __ . PHI = ATAN(Z/SRTY __ ___ i -
b T _ARM =_(RA/RR)##2%(2/52T1) _ e
g

- —— e -

P A U —

- s ¢ e e —— o = = - % oy \ e——— - e w— o s - —————

4 mm e e e v

- wm——— - m e e m—tw e - wme ———— e

————— . eeme - . -. g
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W = dmm et s s m s me e = o m v S e W= v v e mew e W e M i e = e — e —— ——— r e e srw . - et mrr e . cmemy - e ee = o




GDLAT_=_ ATAN(ARG)

. LAT = PHT ___ —_—

e LAMDA = ATAN2(YX)

_LONMG = LAMDA - QMEARA®(TIMF = TO)

IF{LONG oGT4 PI) LONA = LONG = PI2

____TFALONG 4LTe (=P1))_LANG = | ONG + ©O12

FL = ATAN(-VZ/SORT(VX:%D 4+ YY#%2))

ALPH = THETA - EL

AZ = ATANZ(VYsVX)__

e JFLA2 WLT. 042 A2 = A7 p

212
oLTe 06,0) RETURN

+
— __IF(ALT oLTs 5.0 +AND, FL__

——CALL 1IP

RETURN ___

_FND
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.

e,

o s e . A mw 4t e = — e = - e e

T TTCDIRECT | SUB,. DIRFCT ——— THRUST CONTROL OPTION _
o _SUBROUTINE DIRECT . ) -

COMMON/STOR1/ALT»TEMP ,PRESSNENS,VISC oSOUND
COMMON/STOR11/THCOMsT1sALTCs THXs THY»THZ

g_mm . COMMON/STORI3/XLsZL s THETASVXLVZL ,ALPH9GAVIA,CAZ'SAZ e —

§-,_____, . COMMON/STOR15/03V3 e VY s VZ aVT s EL 9 AZ sRANGE sLAT 9 LONGHACCHGDLAT _

— ... _CCMMON/STOR19/TIMELTO :
CQMMON/SIOKZO/A____FAJJ_Q_T,_I_I_M_,NTHJT&,THQUST

. DIMENSION TIM{RO),THS(50)

INTEGFR THCON__
EL .= ATA‘H-VZ/SGRILV)(**Z +_ VY**Z))
_ AXFRACA = VYX/VT
YFRAC =_VY/VI
2FRAC = VZ/NT

_CALL_TRANS2(XFRACSYFRACSZFRACHUXUY,UZ)
———___XFRAC =_UX -
e _YFRAC _=_UY -
ZFRAC = _YZ :
_THFTA L

IF(TIME LT, T2 +ORe NSET .EQ. 1 oORe ALT JLT. ALTC) GO TO 100

!

T XFPAC] = XFRAC B

__ _YFRAC1 = YFRAC N

. _ 2FRACY =_ZFRAC _ i

o _ELST = EL__ e _ _-

e TIM.ST_E-__'_IM.F —

e __NSET._= '

i 100 CONT INUE e e

e IF(TIME oLTe T1 +OPe ALT oLTe ALTC)_ GO_TO 201 -

... G0. 30 (2019202,))11-,1(10?\1

o 2C1 CONTINUF . L e

. C.__ _ ___ MO THOUST CONTRAL o . _ —

_ THX = THRUST#XFRAC

i . ._THY = THRUST®YFRAC - e

... .THZ = THRUST#*ZFRAC —

e . G0..TO 900 ____ e I e
202 CONTINUE R

___ C__ THRUST CONTROL OPTTON e

____THX_=_THRUST#XFRAC]
' THY = THRUST%YFRAC} e e e o o
~ THZ = THRUST#ZFRAC) o -

CALL TRANSI(XFPACL,YFPACLsZFRACL sWXsWY,W2Z)
THETA = ATAN(-WZ/SORT(WX¥22 4 WYH*¥2)) _

7T 77900 RETURN. o o -
P e e - END e e o emn e it ot om e mnare = . o @ e e romarmmmn e e — e - e ——— e~ - — . v st < ®
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P

T CIIP__ SR, 11IP ---‘INGTANTANEOUS IMPACT POINTS

SURQOUTINE 11P

"DOURLF : 2ECISION SSIG2+CS162»5S1GsSQ -
__DOURLF PRECISION FCECSFECRIP 3 FSFIP,SNFL 9Cﬁ:L9DCL oF ’G’A
DOUBLE PRECISTON XIPsYIP 210 sLCrFSOsX0sY0sZ0sXs Y02 oR
COMMO'\/STORZ/ XX sYY 922 RR e
_COMMON/STORT/XDATsYROT sZNCT s XONCT »YPDOT»20D0T '
COMMON/STORB/OMEGA 3 RF 42 3P CUsGYHALIM
 COMMON/STOR1I3/XLsZL s THETASVX_sVZLsALPHGAMASCAZSAZ
e COMMON/STORIS/TIVF,TO __

 COMMON/STCR23/SPHIOsCDHIOsLAMDAN s XX0sYY0 220
__ COMMON/STCR25/LCW,FETINY sEPBIGsPTI1sPI4P12,DT,HIGH
. COMMON/STOR27/I1TPLAT, TIPLONSTIPP,1IPTIM

————e

REAL LAMNA,MASS 3K, L O .LONGy LAT, MACH,MCH,CAvnAQ.LBAQ
REAL TIPLATSTIPLON,TIPR,IIPTIM .

C i OINTTIALIZE  XsYsZexNOTYDOT +ZDOT sRHVEL

X = XX_ — — e
Y = XY
—— =27 - —_ _
- R = RR__
NSO = XDOTE%X2 4+ YDOT*%2 4 Z2DOT**2
e SRGM = SOR_T_,(_""_) = _
e ____ECE = R¥VSQ/GM =_1.0 —— -
A =R/t1,0 - EC.E)_M_M_ o
__.____-___-ESE_'—j (X*XDOT + YXYDOT + Z*ZDOT)/(SRGM*DSORT(A)) o .
FSN = FCF®¥7 4 CQE**Z
o N FCI—'IP = 1,0n0_~ RFEsA _ L o
S 50 = £SO - ':CFIP**Z e e
i AIF(SQ .(“T.AO ODOI O TO 100 e _ ~
o s = 0,0n0 e
_____ 100 ESFIP = -PSMT(SO) . .
SDEL_=_ (FSEIPXFCE ~ FrEIPXESF)/ESQ.
_____ _CDFL = (FCEIPXFCF 4+ FQFIPRESE)/FSQ _ L .
R L DEL = DATANZ2ASDEL o DR L)
e _IF(NDEL «LTe 0.0D0) DEL = DEL + P12 _ _
o F = (CDEL - FCFY/{1.,0 -_f’CF) o e o e
.. G = (A%x]1, 5/SQGM)¥(SM‘L o+ ;.—5: - FSEIP) o ) - e
TFL = (A*¥],5/SRGM)*(NFL + ESF - ESFIP)
o CA~T = TFL 4+ (TIME - 7O . e
o . X1P = F¥*X + G*XDOT___”.__*M L o o e
_____~____“__~‘_'ID _=_ F*Y + G*YNOT . e

A

oy




.
' >

PN e e — J

e 21P = _F¥2 _+ G®2DOT
LBAR = LAMDAO + OMFGA*CAPT
= RE*CPHIO®COS(LBAR) - —— -
= RE#*#CPHIO*SIN(LBAR)
) = RE*®SPHIO i _ o
LC =DSORTUIXIP - X0)*#2 + (YIP - YO)**2 + (21P =20)%%2)
LAMDA = ATAMZ2(YIP,X1ID)

>
()
W

<
o
n

t Ok h et
~N

(@]

n

———ee  LONG _= LAMDA_~ ONMFRA¥CAPT -
——e . PHY =_ATAN(ZID/SNRT(XTPX*2 4 YIP*%2)) _
———ee . GNPHI = ATAM{(RA/RR)#%#2%SIN{PHI)/COS(PHI))
— e _SS162_= LC/(24%RE) e -
_— IFADABS(SSIG2) +GT,.1,0n0).SSI1G2 =_1.0D0
———CS1G2 = DSGRIS1O0__ = <S1G2%%2)

.. _S1G = 2.%¥NATAN(SSIG2/CS1G2) -
e . - RANGE = RE*SIG __
o .~ TTPLAT = GDPHI
—.JIPLON = LONG
11PR = RANGE
JIPTIM = CAPT
RETURN

i. - END . o
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{ "NPUT

'SuB, INPUT ==« READ INPUT AND PRINTQUT

SyssOUTINE InPyy ~ 7 T - i T
__ _ _ DIMENSION AAqi4y T T - T
" DATA EN/GHZ999997 0 T T T - . T
REWIND 5 e
23 COMTINUE e — o .
_ _READ(5419) AA __ - . e
19 FORMAT(144A6) ~ _ .
. PRINT 19, AA . e e . I
IF(AA(L2) (EQ.. EN) GO 'l'O 34-_,“____“___- e . i . -
e G070 23 _ e I e
34 REWINDS o T ] — e
PZTURN
END e e
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__SURROUTINF INTFRP(NQsKPs% %)
"COMMON/STOR36 /PPFS0,NENSO s TEMPO » SOUNND »K1 5 CONT 4KPREY

meh e s e m e e e e e - e s e e i en s b s s e e -

T CINTFRP e

COMMON/STOR37/TSLOPE AL TB s TFMPB 4PPFSA . e

A;~QIM‘NSION TSLOPE( ©)sHALTB{ 9),TFMPR( °’9DRFSB( °)
KP_= KPREV

1F(0Q .LF. HALTR(1)) RFTURN1

IF(0Q LE. HALTB(XP+1) LAND. QO .GT. HALTR(KP)) GO TO 200 _

IF(0Q GF. HALTB(9)) PFTURN?2

IF(NQ HPRFV) 150 2009100

100 D0 11 J=KP,8 , -
IF(A0 «GT. HALTB(J) JANN, NN oLF, HALTRIJ+1)) GO TN 12n

— e e

110 CONTINUE
T120kP =y

T 6o 10 200 - - -
o 150 K KPP = KP -1 _ o e L
DO 16 J=1,KPP e

KPJ = KP - J

1607 COMTINUE

T ye0XKP =P -y T See—_
& 900 CONTINUF ] - - o

KPRFV =

= «p
HPRFV = 0Q

CRETURN T T T T T

IF(QQ W GT. HALTB(KPJ 'y 4ANN, 00 LF, HALTR(KPJ+1)) GO TO 18n

e . _END _ [P ‘
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CLAUNCH o SUR, LAUNCH ---_LAUNCH RAIL

" A —

DOUF\LF PRECISION | ST . AU e e e
COMMON/STOR1/ALTTFNP, DQ"'SoDFN»;VIQ("q?UND P

§M____whf__ COMVON/STO?A/SAREA,MCH,CPD,C-’NQCH;NCD.kDSgQRAG
P COMMON/STORS/TWTsNWTsWPRyWEIGHT,MASS ~—~~  —~ ~— "

_COMMOM/STORB/CMEGA 4RE \RA yRP.4 GOy GMyALTM |

T COMMON/STOR9/S,NK

T Common/STOR10/7ST - B

T TCOMMON/STOR15/QsVX VY 4VZ sVT s EL»AZ s RANGE s L AT LONG 5 ACC s GOLAT
~ COMMON/STOR17/LENGTH»sSELsDISTsLVELsLACC

COMMON/STOR1G/TIME,TO

T COMMON/STOR20/APEA, 1CPT, TIMyNTH, THS 3 THRUST

 COMMON/STOR25/LOWSEPTINY sEPBIG,PTI,PI,P12,DT 4HIGH

. DIMFNSTON ST(70,10) - B —
—_ DIMENSTON MCH(50) ,CDN(50) »TWT(50) sWPR(50) s TIM(50)sTHS(50)95(9,6)
___RFAL LVFLsLACCILENGTH,LVFL23LACC23MASS

e ____FXTFRNMAL ACCFL2 . . -

— o TF(LENGTH LT 0611 _PETURN
CALL. ATMSPH

e TIMF = T0_ -

— o _..DT = aMIN1(0,01.DT) _.

. ___CALL TABR2 .

e CALL_TABY e

——e . MASS = WFIGHT/GO e _— . -

_LACC = (THRUST =~ WFIGHT*SFL_)_/MASS

N=1_ . e e

e S(I’N) = oo e e ——

e Q(‘&,N) = VT___. e e ™

- L e A1 B _a_LAA.C_C _ L o

o B ST(1s1) = S(1s1) - . .
S_T(Q_l)__j___S(_gyl) -
ST(791) = S(7s1)

e 100 CONTINUE L . N -

e DISTZ F‘_QI_§T _ .

e ALT2 = ALT L .

L _LVFL2 = LVEL _ o

i _TIMF2 = TIMF — _—

T -1 N PUNGF(ACCFLZ) e

e DT = AMINI(Q,01,DTy e

e - . ALT_ = DYISTESFL e e e e e e
JJFIDIST _WLT, LENGTH) O T0O. 100 e e e e e . -
CTFRAC = (LFNATH = NIST2)/(DIST = DIST?)

ALT = ALT2 + TFRAC*(ALT - ALT2) _

Lt e ————— -

I .. LVEL = LVEL2 + TFRAC®(LVEL - LVEL2) __ . __ .~~~
S oo .. TIME = TIME2+ TFRACH(TIME=TIME2) . .. _ . . o o

e VT = LVEL T

e ©00_RETURN —
( N e e e
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_CMAT _SURe MAT == ROTATIO“l MATPIX ANN IMVERSE
e SUBROUTINE MAT _ -
———tro_____DoupLE P°EC,ISIO?\,_ TMAT  SMAT
e DIMENSION TMAT(343)y SMAT(3,3Y _ _
e ______COMMON/STCR3/TMAT 3 SMAT»SPHI s CPHI s CL s SL_
TMAT() 1) = ~SPHIXCL
U TMAT(192) = ~-SDHI*SL
— TMAT(1+3)_ = CPHI. —— _
L TMATI(24s1) = =SL :
. __4__1:MAT_(2,2) = CL
o CTMAT(243) = 0. .
IMAT(3s1) = =CPHI*CL
. _ TMAT(342) = =CPHI®SL
.. TMAT(343)_=_=SPHI
e SMAT(19)) = TMAT(—]_,l)
L SMAT(1,2) = TMAT(2,1)
_.__.._.._._____-_SMAT(I:B), = TMAT(3,1) —_—
SMAT(2,1) = TMAT(1,2)
e SMAT(242) = IMAT(2,2).__
e . - SMAT(243)_ = _TMAT(3,2).
— e . .SMAT(3,1) = . TMAT(1,3)
i' e _.SMAT(3,52) = TIMAT(2,3) -
o . SMAT(343)_=_ TMAT(3,3) -
RETURN
———ee END._ . . e — - -
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3.C.

CMATLCH . sum. MATLCH ——— LAUNCH,.SITE-MATPIX -

¢ e — . SURROQUT.INE MATL CH
DOUBRLF PRECISION TVMAT,SMATY_ [, e

COMMON/STOR:’JTMATQSY“AT.’ ,DHI’CPHIQCL,SL ______ . .

i COMMON/STORB/OMEGA,RE,RA»RB5G0sGMsALIM
SR COMMON/STOR1G/TIME,TO . L -

COMMON/STOQ?B/SPHIO’CDH109LAMDA0;XO,YO’ZO
DIMENSION_TMAT(3,43)sSMAT(343)
____._._____-_...“REAL LBARs LAMDAO
... SPHI =_SPHIO
—_— _CPHI = CPHIO
— LBAP = LAMDAO + OMEGAX(TIME = TO)
SL . =_SIN(LBAR)
C L_':__C.Q..S.LL BAR)
— o __CALL MAT
. RETURN
-END.

e gy e
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_____CMATRAD  SUR, MATRAD ~—~ RADAR SITF MATRIX
. SURRQUTINE MATRAND
o DOUBLF PRFCISION TMAT,SMAT _

I COMMON/STORA/TMAT,SMATSSPHT s CPHT s CL3SL
——ne . _COMMON/STORB/OMEGA 4 PE 4 PA SRRy G0 sGMALIM

PoY-at EenE
1

oo . COMMON/STORI/TIMESZTO

__COMMON/STOR31/SPHI1sCOHI1,LAMDA]l

DIMENSION SMAT(333)sT7AT(3,3)

_ _RFAL LRARsLAMDAL

SPHY = _SPHI1

CPHI_=_CPHII

LBAR = LAMDA]l + QYFGA%(TIME ~ 10)

JSL_=_SIN(LBAR)

CL_=_COS(LBAR)

CALL_MAT

RETURN__

END
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... CMATROC QUR. MATDOC ——— DDFSFNT DﬁSIT]ON MATDIX e e e
—-..-SUBROUTINE_MATROC -
e DOURLF P2FCISION TMAT 4SMAT _ e e e
ceeee e .. ..COMMON/STOR2/XsYsZyR .. . . __ ————— _ e o
. COMMON/STOR3/T“AT, <VAT.SPHI,CPHI,CLLSL _
e DIM_F_NSION TMAT(393)957AT(343) _
__.R. = SoRT(X**Z + Y*%2 4 2Z%%2)
SRI_= _SORT(X**¥2 4 y#%2)
- SPHI = 2/R._ :
H-CPHI =_SRT/R . - —
—_ . -.CL..= X/SRT ___. ——
oo SL..= Y/SRT
— 10 _CONI_I NUE_ . -
CALL MAX
—e— RETURN
—_—— - _.END
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T 7 sUB. OUT ~—- INTFRPOLATE DATA AND PRINT

SUFDOHTINE oux

o COVMON/STORlo/SA9APRAY’NN_‘n e
__ COMMON/STORIB/TFRACHLINE »PTIME yCONV I
__COMMON/STOR21/MFSS 4OHAS

FND s IPRINTyNPAGE yKPAG

COMMON/STOR22/NSYS ,,CON

COMMON/STOR33/NTIP,NCYCHNLIN

COMMON/STOR24 /K| TN

_ . DIMENSTIUN CONI(105,7)92PREY(10+,30,10)

_DIMENSIOM MESS(30)

_DIMENSTION NPAGE(10)

33 FORMAT(1X3Abs1XsFR 24 2XsF0s292XsFBa3soXsFBa33XsF1NalsoXs

-t e

DIMENSTON _SA(10+2510) yARRAY(1023010) sNVAR(AE) s TIMA(BQ)
REAL MESS .

19 _FORMAT(1M1)

20 FORMAT(1XsAB31X9FB,298X9FBe395XsFEa395XsF8a345X9FBe395Xy
1 Flle 29‘X0F“.Q9‘X’=° 4)

21 _FOPMAT(1X+4641XsFB,2, §X9F84095X,F7 O,SY’F7.0 5X,F6.2.5 F9 2.5X9__

1 FR 238Xy F104298XsF76))_

1 FO,2,2X%4F94242%9F9, ZJZY’FIO 1,2¥4F10, loZXQFlﬁol)

FB8e095Xs

23 FCRMAT(I oAS’IYcFS T Fl0. OtZXoFIOoOOZX’Flﬂ 092XsF9e192XsF9aly

1 2X FO, 1;2X9‘10 Co2X9sFT7e392XsF9e192X9F9, 1

Y1 104 ZL 42X e0H VXL .02X99H ALY y2Xs9H V2L
2 10H  RXY_ . 92Xs7H GAML oZXoQH VEL -L 92X19H RLDCT

24 FORMAT(BX»8H TIME 42Xs10H XL __.zx.loﬁ[ YL 2%y

2X'

i

25 FORMATIBX»8H _(SEC) »2X»10H _ (FT)  42Xs10H _ (FT) 92X,
T 10H . (FT)  +2Xs0H (FT/SEC132XsOH (FT/SEC)s2XsOH (FT/SECT 2Ky
/1)

2 10H (FT) *'v2X97H (PFG) 92Xs9H (FT/SEC)92Xs9H (FT/SEC),

26 FovaT(lx,Ae 1Y oFR2s6XsFRe4s5X4FO, LyEXsF10s245X9FB8e1)
27 FORMAT({IX AL IXaFBa208XoF11,085XsFReNyEXsFB,1)

28 FOPMAT(20X+47HINSTAMTAMFQUS IMPACT POINTS (VACUUM TPAJFCTORY)//) o

30 _FOPMATIBX»8H_ TIME ,5Xs8H_ ALPHA »5X,8H  TH FL +5X,8H _FL EL »

1 5XeBH FL AZ +5XsBH_  _ALT  ¢5Xs11H _ RANGE _ +5Xs8H LAT_

2 5X,9H  LONG. ) e
2] FOPMATIBXs8H (SEC) »8Xs8H_ (DEG) 4SXsBH (DFG) »5Xs8H

2 5%s9H  (DEG) /7))

"1 5X,6H MACH »5X»04 NYN PR ,6X,8H REL ACCs5X, 9H REL VEL
2 TH MASS )

DEG)
_“_IMSXoBH._iQﬁﬁlmp5X3§ﬁ (FT) oSX llH ,£@°B:l.m12§1§Hm_19§Ql.!

vSXb

33 FOPMAT(8BX8H  (SEC) saXe8H (LBS) 95X TH (LRS) 35Xy TH  (LBS),

e —— ———— e S 7 o————— o - =

K<) Y

9

32 FOPMAT(8X+8H TIME — ,=x,8H THRUST Ty 5X o TH WETIGHTs5XsTH_ PRAG 5

O R SR S LR e v e v A

£ el
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opees

Y WA

T 1 11X95XsOHILBE/FT21 14X OHIFT/SEC2) 45X 10H (FT/SECT 45X
2 TH (SLUBI /7T - W W W W W W W W %tk
34 FORMAT(BXs8H TIME™ 12X,9n SL RANGE,2X,8H LOOK AZ32Xs8H LOOK EL,

1 2x,10H  VEL  y7X,0H  _EASY 92X»9H NORTH ~y2Xs9H = VERT 5

T2 2Xy19H  VEL=F 4 2X310H T VEUSNT 42X, 10H VEL=V Ty T e
35 FORMAT(BXsRH  (SFC) 32Xa9H (NeMi) 42X,BH (NFG) s2Xs8H (DEG) Ty
1 2Xs10H  (FT/SECH2Xy0H — TNeMo) 92X 9 OH  (NoMy) y2Xs9H  (NeMe) s

_______ 2 2Xy10H (ST/SFCY 4oXs10R (FT7EECYT 42X510H (FTf§:C) 77
36 FORMAT(20Xs31H LAUNCH ST1TF FOORNINATE SYSTEM 77)
37 FORMAT(20X,30K RANAR TITE COORNINATF SYSTEM //)
_._ 38 FORMAT(20Xs28+ INTRTTAL COORDINATF SYSTEM /7y
42 FORMAT(8XsBH  TIME  ,8X,8H LAT GD ,5Xs9H __LONG y5Xs10H _ RANGE ~

“m 195,84 1P 11ME) .
43 FORMATI(BX8H _(SFC) 4"%XeBH (CFG) 45X,y9H (RFGY 95X 10H  UNJMY

195%X48H (SEC) 77V _ -

—— e s — e o]

__4b FORMAT(BX,8H TIME ,sx,11H R 1SX28H  VEL 45X, T
] 1 8H ACCFL ) - S
_45 FORMAT(8X+8H (SECY) 45Xy11H (FT) 9 SXyBHIFT/SEC)»5Xy

_ 1 OM(FT/SFC2V//Y T _
.51 FORMAT(BX»8H (SEC) 45XsEH_ _(DFEGI 3 5XsAK (DEGI s5Xs8H IDEG) »

1 5X%s8H (DEG) 95Xs8H (M) 45X, 11H _ (FM) ,6X,8H (DEG) »
2 BX,9H _(DFGY 7/ e
wﬁg_foguAT(axlga LSECY »8XsBH__ (NT) 95Xs7H _ (NT)95Xs7H __(NT)s
S 1. 11Xs5XsOH_(NT/M2) 44X 4OH (M/SEC2) 95X, 10H (M/SFC) 5%y

2.TH_IKGY_ /73 .
55 FORMAT(8X+8Y (SEC) 92Xy9H (KM) 92X s8H (DEGY +2X+8H (DEGY

o 1 2X4 M0 IM/SECY2Xs9H  (KM) 42Xe9H (KM} 52Xy 9H AKMY 9
.2 2X510M  (M/SEC) 52Xs10H (M/SEC) »2Xs10H (M/SECY /7/) e
.56 FORMAT(BXs8H (SEC)Y 92Xs10H (M) 42Xs10H (M) 92Xy

1.10H (M) 42X,0H “/5°C)92X99H (M/SEC) 42Xs9H (M/SEC) 92Xy
2 10u AM) 42X, 7H (NEA 92X99H _(M/SFEC)92X99H _ (M/SEC)//)

- ———— . —

03 FORMAT(8XAH_ (55C) 45X, aH (DFG) 95X 39H _(RFG) 45Xs10H _ (KMy
e 1,5%,8H (C'-'C) //) o e
05 FORYMAT(BX,8H (SEC) 58X,118 CAMY T UBXeBH (M/SEC) 98Xy
Y OH (M/SEC2)/7)
101 FORMAT( 120%,6H PAGE , 4s1HA//)
_______102 FQW”AT("120X 6H oAaF 14 »1H8//)
103 FORMAT( 120X 46H OAGE .!a.lHC//)__~"_w,”___,_*"ruw_“_ww_”_”_____‘m__
7104 FORMAT( 120Xs6H DAGE 414 91HD/ /)

~ 105 FORMAT( 120%xs6H PAGE 4164y1HF//)

> —— e ——- —— o— b ——— e - ——

———— e ——— ¢ pows - = o ——

- - ——— =y~ = = &

——— - -

. e e e ——— - ————— ———— ——— -

— e e e - e e A e e+ e - —— S

" o
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LEARLT W I

. -
. 106 _FNRMAT( 120X ,6H PAGE E 43 J4sIHFE//)

T TDATA RLNK/0377777777727¢ e
e .. DATA RLKX/0202020202020/ L
— o DATA MVAR/By851041094,2/ . e
o IF(NIIP EQ._0)__GO T0_230C ——
———eee L2 LINE + 1 e

KLIN_= |

oo NLIN = NLIN 4+ 1 . - e
e TF(NLIN JEQ. NCYC) GO__ TO 300 o e

e ..G0 71O 301

‘-\00 IF'LINE_,.EO. 30) LINF 0

___“________,,_NLIN = 0

—LINE

- ——

S———

_MESS(L)_=.
PHAS =

201 CONTINUE.

. me——— ——

_IF(SAL4y242)
ARRAY (4sLs2)

AOOCY (441 92)

COMT INUE

ey 5

NV = NVAR(J) _
DO 10 1 = 14NV
_ ARRAY (Tl o)
ARREY(IsLsJ) =

= L]NE + ]
L = L!NF -
KLIN~=__,L
PHAS . -
BLKK . —
TIva(L) = PTIME —_
0O 11 J = 146 _— —_—

(1,1, J)

= SA(142,J) + TFRAC*(SA(]
= ARRAY(],LsJ)#CON( TsJi
»142

+GE._C.0 +AND, SA(G

JELYE E PN

) +GEe_0.0) GO TO 10

e o —— =

"=  BLNK

= BLMK

—— o S—————— . S——

e P e iy b —— e =

11 CONTINUE

L S CONVE'-"T TO DEGPFES e _ S

ARRAY (19Lo1) = ARRAY(J,L31)/CONV -
e ARRAY(2sL 01‘!v= ARRAY(24L 91)Y/CONV __ . I
.. ARRAY(39Lel) = ARPAY(3,4L911)/CONV_ —— _ —— o
e ... ARRAY(49L 1) = ARPAY(4sLsl)/CONV_ i
e e __ . _ ARPBAY(TsLsl) = BRPAY (T4l I)ICOP\V e o .
e AhRRAY(84Lsl) = ARRAY(R,L} I)ICONV ) e .

ARRAY (8L 23) = SRRAY(E,L 033 /CONV_ -
e AQRAY(ZoL,“) B ARPRAY(D4.L 94)/CONV - e
.. ARRAY(39Ls4) = ARRAY(7,L14)/CONV e
e e _ __. ARRAY(1sLs5) = ARPAY(14L)» 5)/COVV e

B o b ol it 5t




— e —

VXL,VZL - are velocity components in the downrange and vertical
directions. Found by integration of AXL and AZL.
CSs = COS(THETA)
THETA - is the inclination angle of the rocket, the angle between the

principal body axis and the hciizontal. It is originally set
to the launch elevation angle, and is modifird by double
integration of THDD, THETA double dot.

FNORM CNAXSAREA.Q+ALPH

CNA - is the slope of the coefficient of the normal force acting
on the center of pressure.

SAREA is the reference area.

Q - 18 defined above.

ALPH - THETA - GAMA, and is called the "angle of attack". The
program switches from the Period I model to the model
used for the rest of the flight when ALPH becomes zero
(found by interpolation as it crosses from plus to minus).
The duration of Period I is about 0.8 second for a
NIKE-CAJUN, and about 5 seconds for a SCOUT.

GAMA = ATAN (VZL/VXL)
GAMA is the flight path angle which defines the dix1 . -
in which the rocket is moving
MASS - is the weight of the rocket divided by the force of g .. ity.
AZL - is acceleration in the Z direction, which is vertical at
the launch site. H
THDD - is THETA double dot, the acceleration in the rocket's

inclination angle to the xL axis.
LSM = LCP-LCG.

LCP - is the distance from the reference position (usually the
nose of the rocket) to the center of pressure.

LCG - is the distance from the reference position to the rocket's
center of gravity.

INERT - is the rocket's pitch moment of inertia.

The equations above have been simplified by the elimination of effects such
as pitch damping and jet damping which were found to have no significant

[ R yppm—ry St R
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* CALL TPQUT

ARPAY(23155) = ARRAY(?,L55)/CONV_

) " ARRFY(1sLs1) = ARPFY(1,Ls1)/CONV i R
. ARRFY(230Ls1) = APREY(2,Ls1)/CONV .
o _ARRFY(3sLs1) = ARPEY(2,L,1)/CONV _ L o

L _ ARREY(4sLs1) f_ARPcY(bgle)/CONV o
T U ARPEY(TaLsl) = ARREY(7,Us1)/CONV ]

ARRFY(8+L51) = APREY(R,L +1)/CONV

e T ARPEY(ByLy3) = ﬁDPCY(Q’L’q)/CONV . )
.. _ hRPFY(2sLst) = ARREY(2,L s4) /CONV ~ o
o ARREY (3,01 94) = ARRFY(2,L+4)/CONV L
 ARDFY({1sL,s5) = APPEY(1,L48)/CONV L
. “AR?FY}ZOLdélmﬁ AR°FY(?,L95)/CONV )

C TF LINF
_IF(LINE EQ._

GO TO 200

30

.OP.

1IFND «FQs 1 LOR,

=30 OR 1FNP=1 OR IPR]RT 1s PRINTOUT
IPRINT

.FGo

1) GO TO 50

50 CONTINUE o
7 KPAG = KPAG + 1 L
GO TO (1514152,151),NSYS
T 351 CONTINUE _--__
«___-ﬂ_._____,,l-;_‘,l_ e P
- __NPAGR_= NPAGE(T) S
I S . I | ——
i GD TO (61152963964 465,,A696T7368)sNPAG . - ——
—_— &1__CONTINUE
. . . PRINT 101,KPAG. —— — e e
e ._PRINT 30 _ ~ e
e PRINT.3Y 3 e
_____ C. .. . _ PRINT PAGE A (l-'MGLYSH) e .
" PRINT 20, ((MESS(LL)sTIMA(LLY s (ARRAY(TIsLLs1),1=1508))sLL=1,L)
PRINT_19 - .
SR NPAG = NDAGF(T) __ e — .
e =1 +1 i
GO TO (61962:6396L,65,5695T96B)4NPAG
i 62 CONTINUE o N L
L CPOINT 102,XKPAG _ . ~ _ .
——— _PRINT 32
L PRINT 33 e

C _ PRINT PAGF R
___PRINT 21,

(ﬂNGLIqH)

((MESS(LL),TIMA(LL)o(ARRAY(I,LL’Z)oI 1’08))’LL loL)




7w

——— — —— e e - — \.— —_— [ -—

- _PRINT 19 T T
o NPAG = MNPAGF(I) . .
=1+ .
G0 TO (6126236356L,65,66167+68) sNPAG
B3 CONTINUE -
e PRIMT 10‘4 ,KPA" R

PRINT 136
PRINT 24 B
_______PRINT 25 o i o
C _; DRINT PAm: C _(_g\'_r;‘\__y'{m L o
PRINT 234 ((MESS(LL)sTIMA(LL) s (ARRAY(IsLLs2),1=1,10)0sLL=1,L)
o PRINT 19 L o
NPAG = MPAGE (1) )
__~______~_____'I__,= I +1 o
I <1 0 TO (61’62963464,0‘)966’67’63)9NPAG o
 s4 CONTINUE o
_ PRINT 104 4KPAG L o

_PRINT_37

PRINT_ 34

PRINT 35

T T PRINT PAGE D (FNGLISHY

T TTPRINT 22 L(MESSULL)STIMATLL) s (ARRAY(T Ll s41,1=151001LL=S1s0)
" PRINT 19 o

NPAG = NPAGE(ID) A

1= 1 +1
L ) GO T0 (6196296"‘96&,6‘3,66’67968)QNPAG -
65 CONTINUE . N N o
. PRINT 108,kPpAg T
e _PRInT_ 28 ' .
e PRINT 42 _ i __ .
_ PQINT l_;3 -
T PRINT PAGE F (FNGLTSH) o
T PRINT 265 ((MESS(LL)sTIMA(LL) s (ARRAY(T4LL95),1=1,04)1)sLL=1,yL)
 ___ _PRINT 19 e
T UNPAG = NPAGE(TY e
o T=T1T+1 — S
. GO TO (61162563964,65,66267968)4,NPAG
66 CONTINUE T
] _ BRIMT 10g,kPAG T T
... _PPINT 38 _ o o ]




Pl

» By

-  _ _°PRINT&&_ ’
. _PRINT 45 e

.  PRINT PAGE F (FNGLYSH) o L
PRINT 27, ((MEQS(LL)’TIMA(LL)’(ARRAY(I’LL’6)91 1903))’LL le) o
 PRINT 19 o
A7 CONTINUE“W ’ .
_ 68 CONTINUE 4
o GO TO (1097}§2115211N§YS ) L _
152 CONTINUE _ L
1 =1

_ NPAR = NPAGF(]) L e
I=I+1u_ N ~

T m GO _TO (81s82,83484,85,86487488) yNPAG

81 CONTINUE
_PRINT 101,KPAG
T TTPRINT 30 4 -

~_ PRINT 51.
C PRINT PAG: A (MCTPIC)

T PRINT 20y ((MESS(LL)sTIMA{LL) s (ARREY(T,LLs1),1=1,08)),5LL=1L)
e CPRINTTY19 T . - .
o NPAG = NPAGE(I) - -
= 1+ . e

GO TO (81s82+82,84,85,86587+88)yNPAG. _
82 CONTINUF e

__PRINT. 10?,KDAG )
PRINT 32 X e e e

... PRINT 53 e o e
G _PRINT PAGE B (MFTRIC) -
. PRINT 21, ((MFESS(LL)»TIMA(LL)»s (ARRFY(IsLls2)+1=1508))sLL=1sL) _
. PRINT19  _ S -

—NPAG_= NPAGF (1)
I =1+ 1

GO TO (B1982,32+844,854,R6587+88)sNPAG_______ — —— — —

———

B3 CONTIMUF 7 - 3 - _" o
e PRINT 101oKDAG “ _ o

PRINT 136

PRINT 24 ' o
" PRINT 56 L — - -

C . PRINT PAGE C (MCTRIC) ~
PRINT 23, ((WESS(LL)’TIMA(LL)9(ARREY(IsLl93)y1 1910))’LL 1y L)




o m —

)

(@]

- __PRINT 19 ' '
o ~NPAA = NPAGEI(]) v e o
oY= Y e e e e .
U 16 TO (81 982,81981*,8"‘- 96987998) sNPAG
R _84 CONTINUE  ___ _ _ - e

_PRINT 104,XPAG

PRINT 27
_ _PRINT 34 N o
________PRINT 55 L
< PRINT PAGE D (MFTRICY - o
e PRINT 22, ((MESS(LL),TIMA(LL),(ARREY(I,LL,A),I =1,10))sLL=1yL)
e _PRINT 19

NPAG = NPAGE(])
e =1 + 1 _ e _
T GO TO (81982583484 485,06+87+88)sNPAG -

______ 85 CONTINUE
PRIMT 105,K0AG —_

__PRINT 28
PRINT_42

__PRINT 93

_C_ _DoRINT PAGE E (MFTRIC) .
_ CPRINT 265 ((MESS(LL)sTIMA(LL) s (ARREY(TsLLs5)91=1504))sLL=1sL)
U PRINT 19 . L
o _NPAG = NPAGF(1I) N
~—L=1%+213
G0 TO (81482,83,84,85, as,a 88) NPAG . ~
86 CONTINUE L
I _PRIMT 106 ,KPAG _
——___ PoINT 138 N . -
_ ___ _PRINT 44 _ e
PRINT 95
€. _ _ PRINT PAGF F (METRICY _ o
o _PRINT 275 ((MESS(LL)sTIMA(LL) s (ARREY(TsLL96)s1=1,03))sLL=1sL)
_ PRINT 19 L
BT CONTINUE _ _
o 88 CONTINUF L
199 CONTINUE
o DO 75 J=1,30 L o o
_____ _MFsS(J) = BLKK o
15 CONTINUE e _ R
IPRINT = O
_____ LINF =0 o — _
200 RETURN o L .
END - - R
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CRuNGr _ SURe RUNGF -—— aTH ORDER R K INTEG TI__M_____ .
e __SURROUTINF, RUNG‘(A(‘CFL) _
e DOUBLF PRECISION ST
oo DOURLFE PRECISION DO _
e _.COMMON/STORB/CMEGA4RF,RASRBsGOsGMyALIM __ _ —_— .
S . COMMON/STCRO/SeNK a—
— .. .COMMON/STOR10/ST o

COMMON/STORIS/TIMS,TO :

__ _COMMON/STOR25/LOW, FPTINY’EPBIG,PTI,PI,PIZ’DT,HICH o .
o DIMFENSTOM S(9+6)9ST(20+10)sK(644)
... __. DIMFNSION DP(6)__ __ -
e RFAL LOWLK o .
IS S BEGIN RUNGE= KUTTA INTrGPATIQN —— —_—

N=1
I.=2

__TIMEO = TIME
_ DO 400 JU=1s6 -
KlJsel) = DT*S(J+3,]) ) o

. 5(Js2) = S(Jy1) 4+ K(Js11/2
400 CONTINUE

e .TIMF = TIMEO_+ DT/2, . —_ . o
e NK = 2 - . __
. cAaLL ACCFL o ) o

DO 404 J=1+6 e e

K(Js2) = DTI*S(J+342) .
e S(Je3) = SUJsl) + K(Jy2)/2 . I T e —
404 _CONTINUE __ :

e . _TIME = TIMEO + DT/2, i, e e

e _NK =3 . - - e e e

e CALL ACCEL_ . . e _ e e e _ —

DO_408_J=1 96

e Kt U3) = DT%S(J+353) . - N _—

e Sty = SUU9)) _+ K (Js3) —_

ceeo . - 608 CONTINVUE .  _ - e e e

e _.____TIMF = TIMEO + DT o ) e

i .. Nk =4 L o . e
_____CALL_ ACCFL_

o DO 411 J = Y96

K(Jss) = DTS(J+3,4)

B SI_(_J-O'I'O_“,Q]_.__)VE (K(J,l) + 2 *K(J.Z) + 2. *K(J,‘H + K(Joh))/6.

e — ——— - — e ——— e ——————— —— —— e - e —— —— - it e A




O

o

—————

em——— 411 _CONTINUE
. STORE_ THE SOLUTION ; - — . —
. DO 490 L=ls6 . .. .. _ U
ST USTALl )_=_STILaN)_+ ST(L#10s1__)_ e
i T 490 CONTINUE -

_C P

C

494 IF(1 oFO, 4) GO_TO 600

— e IFL1 LEQ, 2)_GN_TO 498 — —

!

—_— e .60 70_497 —
495 CONTINUE

CTIMF = TIME - OT

DI = DT/2

=1+

N=_1_

... .G0O_T0 350

497 CONTINUE — —_ -

TS N . S S — e

N = 3

... DO 498 J_=_1,46 .

L S(Jely = ST(Js3)_ . _ —— . e — —_—

e . _. 498. CONTINUE _ R et
- NK_. =1

e ... CALL ACCRL ———e R,

—— .- 6G0_T0.350 .

....,00 _CON'[INUE — . .

e e DT. .= 2.%DT _ - — e e ——— e
—_— emee ... DO 602 =l b e _—

e e CIF(DARSICT(U92) ) oLTe 1.0D=7 . . S
e 1 «ORs DARSIST(Js41) oLTe 140D=7) 60.To.. 601_.,.__ e . ——
- DP{J) = DABS(1e0Q_~ ST(Js4)/3T(Js2))

.. GO TO 602 _
601 DP(J) = 0,0 _

e 802 CONTINUE e

L __ FRAC = DMAX1(NP(4),PP(5),PP(6)) __ e e
e S COMPARE THE DT SOLUTION WITH THF DT/2 SOLUTION. _____ . _ .
- JJE(ERAC oLT. ERTINY) 6Q _TQ 610

—— IF(FRAC ,GT, FPRIG) G0N TO 620___ . _ e e e e
B GO 10 630 . o e e
_— 610 DT = 24%DX . e e e —

i
— — ——



Lt

a.c.

Pt

~

Ftrarang

e _IF(DT _o6Te_HIGH) DT = HIGH

60 T0 830
620 IF(PT_JLTe LOW) GO TO 630
— o _TIME_ =_TIME - DT
e .. DT..= D1/2.

- N =1 _

I =
- bo. 822 J=11sn9
e StJs1y, = ST (U1
_&22 CONTINUE

e _...DD.621_L=11sp
. STH(Ls2) = ST(Ls3)
— 821 CONTINUE
.60 70 280
&30 CONTINUE :
e TFUDPT 4LTe LOW) DT = 10W _—
— 1. =2 . _
— o N= Y
o STI(104N) = TIME
e ... DO 635 M=ls6____ L

e € .. STORF_THE FINAL SOLUTION _ . —
e .. ST(MsN) = ST(My4) + (ST(Meb) - ST(My2)1/15,
635 CONTINUE . . _ R
e DO 650 U=1,6 _ o _ L .
e _StJsN) = STU(JsN)
. 650 CONTINUE o _ .
e TIME = ST(10,N)_ e . — .
e UNK = Y e
. .. COMPUTE NFXT ACCELFRATION _ _

CALL ACCFL .

__RETURN

——— e . = s <

. END_ . —

—_— — - — - - ———
— — -———— — —




“

T cseTSA T TTSUR. SETSA —ol STORE OUTPUT TEMPORARTLY. .
SUBROUTINE SETSA

T T T COMMON/STOR1/ALTsTENP,PRES,NENSsVISCsSOUND __

e COMMON/STCR2/XsYsZsR _ . . .

 COMMON/STORL/SAREA 4MCHCDDS D9 MACHSNCN s CDS »PRAG __
T COMMON/STORS/TWT NwT.uoR.WFIGHT.MAqs o
_COMMON/STORT7/XDOQT ’YPnT yZDOToXDDOT 2+ YDDOT 9ZDDOT -

COM’VON/STODIG/SA s ARRAY if\N . -
.. COMMON/STCR19/TIME,TO __
e COMMON/STOQZO/ADEAg I0PT, T IM QNTH'THS QTHRUST

& COMMOM/STOR2T7/11PLATS1IPLONSIIPO,1ILTIM
.. COMMON/STOR2B/PILCH9AZL CH o ELLCH VELLCH S LCHINLCHy 21 CHyFDLCHY
—— .1 NDLCH,ZDLCH .
COMMON/STOR 29/QRAD .AZPAD_, ELRAD_,VELBAD ,_‘:RAD NRAD;ZRA') QEDPAD_Q

e~ 1 NDRADZDRAD_ _ . - -
. COMMON/STOR20/DELTAsVEL,ACCI_ . _— _
e REAL _TIT1PLAT,1IPLON, -L_Ez.l.L.U.M

.. RFEAL NRADSNLCHsNDRADyNMDLCH __

o __RFAL LAMDAQ,MASS 4LOW,LONG, LAT, MACH,MCH , e
R DIMFNSION. T?M(SO),THQ(‘O),TWT(SO),WPR(‘O)aMCH(ROLHCDD(SOL.““__ ———

e ___DIMENSION. SA{1052,10),ARRAY.(10530510)____
- REAL MASS._ . _ :

- N_=_NN
e = Y e 4
. SA(I!N Jy_ = ALPH ___ — )
e - SA(29NsJ). = THETA —_— _
- S A BN Y = B
o SA(4sNyJY = A2 . e e
SA(SINyJ) = ALT
e . SA(6INsJ) = RANGR/6076,.1155 o . - ——
e _ . SA(73NsJ)Y = 6DLAT - L .
e SA(BINyJY = tONG —
o d =2 ) e . L o
R ~ SA(1eNy J) = THRUST R
SA(2sNsJ) _=_ WFIGHT
) SA(3sNsJ) = DRAG e e _ o
o CSACLANGYY = MACH e L
o CSA(5INsJY = QO ) e




. SAL{6sNsJY = ACC
.- SAC TN Y = VT e
} . SA(BsNsJ) = MASS - ———— .
v o e <4 e J =_3 ——— —— -— g s o s o+ e e e

E LT ETS

SA[1:MJY.
SA(2sN»J)

N
-

SA(3sNsJ)
. _SA(4NsJ)..

— . _ . SAfBINyJ)_
.. SA(TeNsJL.
— ... SA(BNJ)
SA(9sNs J)_

em

- SA(S59NsJ)_= VYL

noncn

VXL

-VZLu
RXY
.GAML. - -
VELLCH

e ... SA(104NyJ)
) 2O
SA(1sNsJ)
SA(2sNyJ).
SA(2sNsJ) |

w
>
)
£
-
Z
-
o
|

SA(ReNsJ)
. SA(HKsNs J)
CUSAL TN U
_SA(B8IMNs U

%f e

n mononon nononn

= RLDOT

RRAD/6076,1155__ -~
_AZRAD _

FLRAD___ T T S
VELRAD,
FRAD/6076,115% _ —

NRAD/KOT6,11588

ZRAD/6076,1156
ECRAD o

L __SA(93sNsJ) = NDRAD . . i o
SA(10,NsJ)_= 2DRAD
e =S —_— - R s —_ ——
e SA(1sNsJ) = TIPLAT _ e e e —
e SA(29NsJY = TIPLON
e COSA(BINGJY = TIPR/KO0TOGIISS
_______ SN Y = TIPTIM
J=_6
— SA(YoNeJY = Rl — .
SA(2sNsJ) .= VFL. ____ __ ) e ——
. SA(3sNyJ). = _ACCI e -
e RETURN_ ____ e e - ——.
e e END e
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o

. _CTABLE .  SUB. TABLFE === THRUST,WEIGHT;DRAG INPUT.. j N
SUBROUTINE_ TABLF.
COMMO'\/STORA/SAQCAoMCH’CDD’('DaN‘ALH NCH ’CDS »DRAG

_______ _ COMMON/STORS /THT o Ny T 4 WPR g WETGHT ____

T COMMON/STORG /PO RN 4 WOL 4 WPD2 yWTM e
T COMMON/STOR20/AREA,TOPTy TIMyNTHy THS y THRUST C T

T COMMON/STOR21/MESS4PHAS

] __COMMON/STOR24/PHT 4NIN,NTAR,NFH,KPH

10 FORMAT(1X»A6)_ L “n_

o _ DIMENSION MFSS(30)_

~ DIMENSION PHT(]&);NID(]A)9WTM(6)oTSEP(6)’WTP(6) o
~_ DIMENSION TIM(‘O),THS(‘O),TWT(%0)9WPR(%0),NCH(SO)oCDD(SO)
o "REAL LAMNDAZMASS,KyLOW,LONGs LATy MACH,MCH,LAMDAQ

NAMELIST /NAMZ/ARPEA s TIMyNTHy THS,IOPT
_CNAMEL IST /NAMA/TUT JNWTWPR

e _NAMFLTST /NAML/SARFA MCHgNCD»CDD

e . TFANPH oGT. NTA%),_GO__TQ_900__ o

o NNNN = NID(KPH) —
e Go 1o (3&3’344»345 34°)9N!\NN N —

243 READ(5,10) PHAS
GO TO 349

244 CONTINUE

€ READ IN DRAG TARLF - _ -
e RFAD(_‘H]Q) .P_HAS - _ . —
————— o REAND(5 yNAMS) o - -

GO TO 3449
145 CONTINUE ) .

s ) _ READ IN THRUSTo WFIGHTo AND DRAC TABLFS e e
READ(54+10) PHAS =

e REAN(54NAM2Yy R _ L . e
DO 346 J=1,NTH
e I j,TIM(J) + DPT(NPH)

246 CONTINUE

————— e et e mmmma et et e mmm——— e o e et e i e

——

e READUS NAM3Y T B
DO AT J=lyNWT e T T

_ O TWT(JY = TWTIJ) + PHT(NPH)
247 CONTINUF o T
WPP?2 =_wPP2 - WPR(1)
RFAN(5 (NAM4 Y

GO T0 349

249 CONTINUE ST ] T
oo 900 RETURN ._. ———.
i END L T -




. .

e e —.- SUBROUTINE TABY. .

—- e = e PO, s b e

€TaB1 'SUR. TAB1 -~- NRAG COFFFICIENT . _ . ~——~——— ~—————

COMMON/STORGL/SAREA JMCHCDDyCDoMACH  NZN,CDSsDRAG
DIMENSION MCH(50) s CONIS0)_ o
REAL MACHIMCH. . . e
IF(MACH JLE, MFH(1)) RO TO 116 L R
JF(VACH GF, MCHINCDYY GO TO 1S
_.D0. 100 _J=2sNCD
s . IF(MACH 4LTe.MCH(J)) cfO. TOY1O0 . .
e .-.100 CONTINUE _ —— . —
110 FRAC = (MACH = MCH(J=11)/(MCH(J) = MCH(J-10) .. __ _ "
.. €D = CDD(J=1) + FRACH*(CDDI(J)_ =_CDD(J=1))_ e
o ... G0 710 200. . —
— 115 CD_=_COD (M)
e GO 7O 200 __ _ K R . e
116 CD = COD(1)_. _ — e
. 200 CDS = CD*SARFA ) — et —
e RETURN_ _ ] _ _
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T COMMON/STOR16/SAsAPRAY NN
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U TCTRANST | SUR, TRANS] =-= INERTIAL TO ROTATING SYS.
 SURROUTINE TRANS] (EXsCYyE2sWX WY sWZ )
DOURLE PPFCISIOM THAT4SMAT

T T COMMON/STOR3/TMAT s SMAT sSPHI 5 CPHT s CL 9 SL i
o _DIMENSION TMAT(3s3)sSMAT(3923) . .. . _____
ol WX = TMAT(1,1)%*EX 4+ TMAT(152)%EY + TMAT(1,3)%FZ
T WY_=_TMAT(Z,1)%EX + TMAT(252)%EY + TMAT(23)%E2 -
WZ_ = TMAT(351)%EX + TMAT(352)%FY + TMAT(393)%E2Z
— e _RETURN
. END.
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UZ_ = SMAT(3,1)%BX 4 SYAT(3,2)%BY + SMAT(3,3)%BZ
RFTURN
e —_END. _






