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1, INTRODUCTION

Wind weighting, the adjustment of rocket launcher or impact parameters
to accommodate prevailing winds, has for years been more of an art
than a science., The main reasons are the non-steady characteristics
of the wind profile and the complicated nature of the rocket response
during the wind perturbation period,

Conventionally, the problem of wind weighting on a rocket has been
phrased in two ways: (1) for a given launch elevation and azimuth,
evaluate the impact range and bearing; (2) for a given impact range
and bearing, predict the required launch elevation and azimuth,l The
former is straightforward, Given the physical and aerodynamic
characteristics of the rocket and a wind profile, the equations of
motion may be numerically integrated to achieve impact, The latter
involves an iterative procedure, and therefore, several trajectories
may have to be integrated, Iterations may or may not be convergent,
and in many cases the procedure can become unacceptably time con-
suming,

In order to avoid integrating the equations of motions several times,
the usual practice is to simulate the total wind effect on the com=-
plete trajectory rather than evaluating the continuous wind response
along the path, This is achieved by defining a "ballistic wind
velocity" and a "unit-wind effect", such that their product yields
the effective displacement of the impact point due to wind,

A computatlonal procedure, SENS-5D, has been developed and pro-
grammed in Fortran-¥ to calculate the wind-weighting functions needed
to evaluate ballistic wind and unit-wind effects, Coriolis deflections
and the first derivative of impact range with launch elevation are

also calculated, If desired, a detailed time history of the coordinate
and aerodynamic variables computed during integration of the equations
of motion and a summary of salient variables at the final burnout,
apogee and impact points (payload and spent stages) are available,

These data may be used, with a known field, to solve the wxnd—welghting
problem in either of its two forms,



© 2, ASSUMPTIONS

For simple and accurate simulation, this program utilizes the 5
degree-of-freedom rigid-body dynamlcs model from first stage ignition
to the last stage burnout, After the last burnout, the .program
shifts to the 3 degree-of-freedom point mass dynamlcs.

To save time the program assumes linear aerodynamics, i.e., the
aerodynamics coefficients are functions of Mach number only,

For stability concern, both the aerodynamic damping and the jet
damping terms are used for angular motions,

Only axially symmetric rocket is con51dered No attempt has been
made to include the effect of thrust or fin misalignment and center-
of-gravity deviation from the symmetrlc axis.

Earth model is a rotating sphere, A 1962 standard étmOSphere has
‘been chosen for atmospheric model,



3. COORDINATES AND TRANSFORMATIONSZ

3.1 COORDINATES SYSTEMS

The coordinate systems used in this trajectory simulation are -defined
below, :

Inertial Coordinate System (X, Y, Z):

Origin -~ at earth center,

X - on the earth equatorial plane, peointing to the zero
longitude at launch,

Y .~ on the earth eguatorial plane, pointing to the 90°
longitude at launch,

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

Earth Coordinate System (XE, Yo, ZE):

Origin -- at earth center,

Xz - on the earth equatorial plane, always pointing to the
Greenwich longitude,

¥; - on the earth equatorial plane, always pointing to the
o :
20° longitude,

ZE - perpendicular to the eguatorial plane, pointing to the
North Pole,

Instantaneous Topocentric Coordinate System.(xT, Yms zT):

Origin -- at the projection point of the moving rocket on
earth surface,

Xp - on the local horizon plane tangent to the instantaneous
projection point of the rocket, directed along the local
geocentric north,

Yp =~ on the local horizon plane tangent to the instantaneous
projection point 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 center. .
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Body Axis Coordinate System (x;, ygp, Zg):

Origin -- at the centexr of gravity of the rocket,

X, - along the rocket principle (longitudinal) axis, positive
" forward,
Yg - normal to the x_, - Zp symmetric plane, completing the
right-hand system,
Z, = in the principle plane of symmetry of the rocket,
perpendicular to the xy axis and positive downward.

3.2 TRANSFORMATION

. Transformation from Body Coordinate System to Instantaneous
Topocentric Coordinate System

% *p
vp| = [R] goo Yg| * [T] BT | (3-1)
| %7 | R
where
:T] BeT = o] = translation matrix (3=-2)

CosOCosy S8in¢SinbCosy-CosySinY CosdSinBCosy +SingSiny
Cos88iny SingSindSinP+CoséCosy Cos¢SinbSiny -SindCosy

—
el
i}

BT
~8ind Sin¢CosH Cos¢Cosh
= rotation matrix (3-3)
6 - Euler angle for pitch
Py - Euler angle for yaw
¢ - Buler angle for roll



However, for the present 5-degree-of-freedom case, the roll angle is
always equal to zero, Thus, the rotation matrix can be simplified to

Cos0Cosy-SinyY SinoCosy
[R] BT = .COSGSan CosYy SingSiny (3-4)
-8ing 0 Cos®

. Transformation from Instantaneous Topocentric Coordinate System
to Inertial Coordinate System

X 7
=Bl | [ e (3-5)"
4 ZT :
where . |
- _ —

~SinuCosi -8in) -CosuCosi

——

[R] T = -SinuSinA Cos)A -CosuSini

| Cosu 0 -Sinﬁ
= yrotation matrix (3-6)
B =
RE CosuCosA
[&] r»1 — |Rg CosusSina = +translation matrix (3-7)
RE Sinu

U - latitude of the Instantaneous Topocentric Coordinates
origin,

A - longitude of the Instantaneous Topocentric Coordinates
origin With respect to the rotating Greenwich longitude,

A - longitude of the Instantaneous Topocentric Coordinates
origin.with respect to the inertial zero longitude at
launch,

A=A+ wEt

w. - angular velocity of the earth rotation,



. Transformation from Body Coordinate System to Inertial Coordinate
System )

X x5 ,
vl = I:R] e | Y| * [T] B>I - 3-8)
2| 23

where

Ri1 Rio Ry3
[R] B+T RZl R22 R23 = rotation matrix (3-9) -

Ryy R3p R33

Rll = -8inuCogsiCosBCosy -SiniCosBSiny +CcsﬁCosXSine
Ry = SinuCos ASiny-SiniCosy ‘
Ry = ~-8innCosi8indCosy —SinXSinBSin¢ —CosnuCosXCos6
Ryp = ~Sinu8iniCosfCosy +CosiCos6Siny +CosuSinisSind
Ry, = SinuSinASiny+CosACosy )
Ryy = ~8inpSiniSindCosy +CosiSinASinyY -CospSiniCoss
Ry = CosuCosf8Cosy +8inusSind

R32 = ~CosusSiny

Ry = CosuSinbCosy -SinuCosb

NOTE: Here again the Euler angle of roll (¢} has been
eliminated from the transformation components,

R CosuCosX )
[T] BT R CospSini = translation matrix (3-10)
. R Siny '

2)1/2

R = (R, + h) = (X2 + v+ 3z (3-11)



3.3 BODY AXES DIRECTION COSINE VARIATIONS

The angles of the direction cosine are sometimes undefined, e,g.,
the heading azimuth becomes indeterminate if the flight elevation

reaches 9Q°,

Thus, the elements of the rotation matrix (e.g. 3-9)

are calculated from the orientation angles only during problem starts.

Afterward, the elements of the rotation matrix are determined by

integrating the time rate of change of the direction cosine elements,

The time rate of change of the rotation matrix elements can be cal-

culated from pitch (P), yaw (Y), and spin (8) as follows:

"

_R31 Ryz R3

Ri1 Ryp Ryg

Ry1 Rao Rz

-

3

R

Ro1 Roo Ros

R31 R3z Raz

11 Ri2 R

=Y

(14

e

(3-12)

Since three of the nine rotation matrix elements depend on the re-
maining six, it is sufficient to integrate only six rotation matrix

kg

R31 Ry2

=15 x 3z 4 i.e,
R13
Roz| =
Ri3 Rii1

Ro1 Rz -

22 ~ Ryp Rip

R31 Rop

Ri1 Raz

~J

glemegts agd calculate the remaining three from the relation

(3-13)



4, ROCKET MOTION- RELATIVE TO THE AIR

4,1 WIND PROFILE

The wind profile data is usually gathered and made available to the
range by on-site or nearby weather station, The composite wind data
are smoothed and edited into the format of. .local north wind component
(Wy) and local east wind component (Wg) vs, altitude (h), Due to its
random nature, the vertical drift-or gust of the wind is totally
neglected in the present simulation.

Since the wind data are in local topocentric coordinates, transfor-
mation must be performed in order to re-orient its components into the

body axes coordinates,

Assume [uy, vy, Wyl are the wind velocity components in the body axes
coordinates, then

UW WN
Vig = [R] TR WE + W R Cosul{ - {4-1)
A | © i
where
[ﬁ] T+B = rotation matrix from topocentric coordinates
to body axes coordinates

4,2 COMBINATION OF THE WIND TO THE ROCKET MOTION

The rocket velocity relative to the true air is egual to the rocket
absolute velocity relative to earth plus the wind velocity, i.e,

Upa ' u + Uy
Ven | = v + Vig {4~-2)
_?RA_ _W + WW_




where (u, v, w) are the velocity component in body axes coordinates,
Finally, the total wvelocity relative to the true air becomes

_ 2 2 2.1/2 l
Ve = [ag ™+ v, S w17 (4-3)
and . 2
. 0 Vpa
Dynamic Pressure = = —————— (4-4)
\'J .
Mach No, = M = .= (4~5)



5. AERODYNAMICS

'In SENS-5D forces are assumed to vary linearly with the aerodynamic
angles arising from vehicle motlons relative to the air mass,
These angles are defined as: .

-1
o = Tan [WRA/uRA}

Hl

Angle of attack

-'l (5_1)
Angle of sideslip = B = Tan [%RA/URA]
The resulting forces are:
Drag (force along X-axis) = D = Cpas
Normal force due to a (along Z-axis) = N = Cg.qgs
Normal force due to B (along ¥Y-axis) = NB = CNqu (5-2)
Jet damping force (along Z-axis) = sz = mLNcP
Jet damping force (along Y-axis) = FjY = mlNcY
Because an axially symmetrical vehicle lS assumed, we have
CN& = CNB C and C No. , B = 0 when «,8 =
The moments arising from these forces are;
Pitching moment (about Y axis) = My = Eu;sm
Yawing moment (about Z axis) = Mz = NBLsm
Pitch damping moment (about Y axis} = Mmy = Cmp(Pd/ZVRA)qsd {5-3)
Yaw damping moment (about Z axig) = M, =C y(Yd/ZVRA)qsd
Jet damping moment {about ¥ axis) = MjY = szLNc

Jet damping moment (about Z axis) -= sz ijLNC

10



Again due to symmetry, C__ = C__, 1In the above equations:

m my
g = dynamic pressure
g = referance area

d = reference diameter
m = time rate of change of mass

L__= static margin (5-4)
Lyc= distance from nozzle exit plane to c.g,
C.. = drag or axial force coefficient

C.. = normal force coefficient

Cmp= pitch damping force coefficient
P o pitch rate (angular velocity)
Y = vyaw rate (angular velocity)

11



6. EQUATIONS OF MOTIONS

For the purpose of achieving both time saving and sufficient accuracy,
the present trajectory simulation employs 5-D rigid-body dynamics
from the first ignition to the last burnout, &aAfter the last burnout,
3-D point-mass dynamics is adopted,

6,1 5-D RIGID BODY DYNAMICS

6.1.1 Equations of Linear Motions

The equations of linear motlon are wrltten in the inertial system.

Let
r ='v/22 + y? + g2

be the distance of the vehicle from the center of the earth, The
linear motions are then given by

a2z M - B :

;'r _— - -

= = - r + [R] — (6-1)
) 73 B>l O

where

GM = product of univergal gravitational constant and mass of
the earth,

[R]B+I rotation matrix from body to inertial system (see 3-9),

m = total mass of the vehicle,

3y

= external force on the vehicle in body system,

Th - D

=| -N, + 2F. -2
NB ij {6-2)

-Na - 2sz

with Th and D as thrust and drag forces respectively, and other
terms are defined in Equation 5-2,

6.1,2 Egquations of Angular Motions

The eguations of angular motions are written in body system., It is
assumed that rocket is axially symmetric and that roll is neglected,

12



Let §(§,§) be the angular velocity vector about Y and Z axes
(i.e., pitch and yaw) respectively, Then the angular motions are
given by

2 ¥
at | M . (6--3)
ae? I
where
I = moment of inertia about Y or Z axis,
M = external moment (torgue) on the vehicle,

¢
= wM - .
y = Moy My !

M""'M "'M-
| Tz mz jz |

with the terms above defined in Equation 5-3,

6,2 3-D POINT MASS DYNAMICS

The equations of linear motions are written in inertial system,
No angular motions.are congidered, The egquations are given as in

(6-1), but external forces are now computed in topocentric systen,
i.e,

2 >
a™ GM > E
e 2REE MR L1 . (6-4)
r m
where

[R]T+I'= rotation matrix from topocentric to inertial systen,
- and '

(Th-D) Cos e Cos a

=
|

(Th-D) Cos e Sin a , (6-5)

= (Th-D) 8in e

with e and a as flight path angles (elevation and azimuth respectively.)

13



- 7. NUMERICAL INTEGRATION

7.1 PREDICTOR-CORRECTOR METH0D3’4

The integration technique is Adams-Bashforth's fourth-order, modified
predictor-corrector method for the solution of general initial-value
problems,

Given k first-order differential eguations

2 ]

d7yy ] .

— = Hley)s 1S 1, ok S (7-1)
b4

and values of y, and therefore f(x,y), at four equally- spaced inter-
vals (h) of x, the result for y at the fifth point of x is obtained
by the following scheme:

Predictor: y(0) = y +o. [55f -59f  +37f ,-9f .1, (7-2)
Modifier: ?égi = yéﬁi - %%% (yéo)— yn), (7-3)
Corrector: yéii =,y +g¢ [9f(xn+l,y(0))+19f ~5E, _*tE, o1, - (7-4)

(c) 19 (0) (C))

Y+l = Yo+l T 370 Yne1 - Yol (7-5)

Final vValue:

above the subscript i is dropped because (7-2) to (7-5) hold for
any i,

Expressions (7-2) and (7-4} hawve local truncation errors., Errors
are proportional toh3 times the fifth derivative of Y. Assuming
that this fifth derivative does not vary appreciably in the interval,
they are given by the second terms in (7-3) and (7-5) for the pre-
dictor and for the corrector respectively, The second term in (7-5)
is, therefore, a measure of the truncation error in yp4j, and there-
fore control of accuracy and adjustment of step sime h can be done
by generating the following test value;

(O) _ o, le)

121l Yarl T ¥ | o (7-6)

where w; are error weights specified in the input,.

14



If § is greater than the upper error tolerance, step size h is
halved, If § is less than the lower error tolerance, step size is
doubled.

7.2 RUNGE-KUTTA METHOD

Starting the predictor-corrector method requires the functional and
derivative values at four eguidistant points. yqg and £(xp,yq) are
given initial conditions. . For computation of yj, £(x1,y1),

v2, £ix2,y2), v3 and f£(x3,y3) and for adjustment of the step size h
to accuracy requirements, a special fourth-order Runge-Kutta pro-
cedure suggested by Ralstor* is used,

Por initial control of accuracy and adjustment of step size h in
starting the integration, a result for y4l)= v(xg+h) 1s computed
(2) _ y(x +2+ZJ is com-
puted using step size h/2 twice, If the relatlve error, defined by

(2) (1), (2)
5= 1o I( RF 72

is less than 10_5, then solution y( )is assumed correct, If

§>10~3, step size is halved, and the procedure starts again at point
Xg. In cage step size is less than a given minimum, the last
solution y42)would be assumed correct,

using step size h, and then another result Yo

(7-7)

%
See Reference 3, Page 200, Expression (5,6-49)
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8, WIND-WEIGHTING FUNCTIONSl

8,1 BALLISTIC WIND FUNCTION

Ballistic wind velocity Wis a hypothetical wind which is constant

in direction and magnitude from the ground level to.a defined upper
limit of the effective atmosphere Zp,x. In SENS-5D, 4max = 100000 ft,
The integrated effect of W on the rocket impact is equal to the
integrated effected of the actual wind,

Ballistic wind is defined by

N .
W= % 4w ; (8-1)
N :
JE0G T b Bpay = By (8-2)
i=1

where ﬁi is the wind velocity at altitude levels 1 = 1,2,3,---N,

and d; are the weights defined by

-

q, = L 41 . (8-3)

such that Ij is the impact vector with winds between ground and
the ith altitude levels only., dj's are sometimes called wind-
weighting function, so called delta-f(z) curves,.

Another wind-weighting function, which is of interest is f(z) curve
defined by

I,-I,
£, = X ] (8-4)

8.2 UNIT-WIND EFFECTS

The unit-wind effect ¢ (e) for a given launch elevation e, is the
magnitude of the impact displacement vector due to a unit ballistic
wind to the height Zpzx. Assuming that the rocket response to wind
is linear, the impact digplacement vector due to the winds is

§(e)W, The definition of 8(e) is extended to provide for head, tail
and cross winds,

16



9, INPUT DESCRIPTION

As with any aerodynamics program, the most difficult problem for
the user is understanding and preparing the voluminous input required,
We have attempted to simplify the preparation of the input data,

The input data are split into two sets, Set 1 is a series of four
program control lists, which use the FORTRAN 'NAMELIST' facility,
Set 2 encompasses the aerodynamic tables, The data is read with
FORMAT (V) , a list directed read operation which may be peculiar to
Honeywell Series 6000 FORTRAN,

I3

SET 1

All the entries in Set 1 are entered in 'NAMELIST'! format, on file
code 05,

Set 1 consists of four lists, all of which must be present, The
ligts are: DLIST, BLIST, FLIST and ULIST, DLIST may be empty if one
desires to keep all of its default values.- The other lists may be
empty only if they are to be bypassed, All the lists have default
values defining some or all the input wariables, They may be over-
ridden by re-defining them,

Note that the units used in this program are feet, pounds, seconds,
and degrees,

!

Definition of the Variables in DLIST :

The format of DLIST iss

gDLIST in Columns 2 through 7, and then

GDIATL = Geodetic latitude of launcher

LONGL, = Geodetic longitude of launcher

-TZERO = Initial time

AZERO = Initial altitude

VZERO = Initial velocity

ITAPEL = Number of the file code used for the input of Set 1,

This is a dummy entry, The program forces Set 1 to be
read from file code 05,
ITAPE?Z Number of the file code used for the input of data
Set 2.,

- 17



ITAPE3

ITAPE4

DTLA
DTAI
DMIN
DMAX
EPTINY
EPBIG
ERW
VOLIM
VLIM

HLIM

ORDER

IPUNCH

g after

Number of the file code for storing thrust-mach tables
after cross-interpolation to get one time table and one
mach table,

Number of the file code for storing data to be used for
spent stage calculations. .

Step size to be used from launch through apogee
Step size to be usged from apogee through impact
Minimum step size allowed

Maximum step size allowed

" Minimum error allowed during integrations

Maximum error alloyed during integration

Vector of error weights used in the predictor-corrector
Minimum initial velocity

If current velocity < vﬁIM, apogee is assumed,

If current altitude (after apogee} < HLIM, impact is
assumed,

Array of length 14 storing the orders of pcdlynomials used
in interpolations to create one time table and one mach
table,

-

Punch-out option.

= (¢ No punch-out,
# 0 Will be punched-out.

the last item in the list,

Definition of the Variables in BLIST

BLIST controls to option to calculate burnout flight elevation,
apogee altitude, spent-stage impact, and payload impact range as a
function of launch elevation angle and payload weight,

If this option is not required, enter BLIST as an empty list with
gBLIST in Columns 2 through 7 and g in Column 10,

18



The format of a non-empty BLIST is:

gBLIST in
NPL =
PLM =
AZGDL =

NANG =

WIND,
WNAZ,
ALOW
AHIGH =

NLEV,
ALTW,
SPEED,

DIR =

IROT =

IPRINT =

Columns 2 through 7, and then
Number of payloads -

Array to store NPL payloads
Launch azimuth (geodetic)

Number of launch elevation angles

Array of NANG elevation angles (geodetic)

These four variables are used to define a given constant
wind from one altitude to another, and zero elsewhere,

WIND = Wind speed (always positive)
WNAZ

Wind azimuth, measured clockwise from North,
(North-to-South or” East-to-West is positive wind)

ALOW = Minimum altitude of the wind

AHIGH= MaXimum altitude of the wind

These four variables are used for defining a variable
wind, i,e, a wind which varies with respect to altitude

NLEV = Number of altitude levels

ALTW = Array of NLEV altitudes
SPEED = Array of wind speeds (magnitude of wind velocity)
DIR = Array of wind direction (measured clockwise from

local North)

= 0: non-rotating earth
# 0: rotating earth

Print-out option
0: summary only

= 1; detail trajectory with summary
= 2: debug option

19



JSPENT = Option for calculating spent stage(s) trajectories

0: no calculation
@: will be calculated

g after the last item in the list,

Dgﬁinition of the Variables in FLIST

FLIST controls the option to calculate the wind-weighting factor as
a function of altitude,

If this option is not desired, FLIST must still be present as an
empty list with FFLIST in Columns 2 through 7, and § in Column 10,

The format of a non-empty FLIST is:

PFLIST in Columns 2 through 7, and then

WPL = Payload weight
AZGDL = Launch azimuth (geodetic)
ELGDL = Launch elevation (geodetic)
WIND- = Wind speed (always positive}
WNAZ = Wind azimuth (measured clockwise from North, while
North-to-South or East-to-West is positive)
NLEV = Number of wind altitudes
AﬂEV = Array of NLEV altitudes
IROT = = 0:; non-rotating earth
: # 0: rotating earth
IPRINT = summary only '

0
l: detail trajectory with summary
2: debug option

g after the last item in the list,

Definition of the vVariables in ULIST

ULIST controls the option to calculate the coriolis deflections due
North and East, range derivatives and unit-wind effects for head,
tail and cross winds as a function of launch elevation angle,

As in lists BLIST and FLIST, ULIST may be empty if this option is

not desired, For an empty list, put SULIST in columns 2 through 7
and g in Column 10, .
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The format of a non-empty ULIST is:

PULIST in Columns 2 through 7, and then

WPL = Payload weight
AZGDL = Launch azimuth (gecdetic)
NANG = Number of launch elevations
ANG = Array of NANG launch elevations (geodetic)
WIND = Wind speed (always positive)
ALOW = Minimum altitude
AHIGH = Maximum altitude
IROT = = (s noﬂ—rotating earth
# 0: rotating earth
IPRINT = 0: summary only

nnt
[

: detail trajectory with summary
2: debug option .

g after the last item in the list,

Default Values

Unless otherwise defined, the following values for the variables in
NAMELIST data will be assumed by the program,

NAMELIST VARIABLE

ZDLIST GDLATI, = 37.848
LONGL = 75,4736
TZERO = 0
AZERO = 0
VZERO = 0
ITAPEL = 5 -« This value is forced

by the program.

ITAPEZ = 1
ITAPE 3 = 2
ITAPE 4 = 3
DTLA = 0,01
DTATI = 1.0
DMIN = 0.0002
DMAX = 20,0
EPTINY = 0.000L1L
EPBIG = D.00L
ERW = All of them = 1,0
VOLIM = 0.1
VLIM = 40.0
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NAMELIST VARIABLE

SDLIST (continued} HLIM = 20.0
. ORDER = All of them =1
IPUNCH = 1]
gBLIST WIND = 0
WNAZ = 0
ALOW = 0
AHIGH = 100,000
NLEV = 0
IROT = 1
IPRINT = 0
JSPENT = 0
gFLIST WIND = 20,0
WNAZ = 0
NLEV = 12 .
ALEV = 0, 50, 100, 200,.500, 1000,
2000, 3000, 5000, 10000,
50000, 100000
IROT = 0
IPRINT = 0
FULIST WIND = 20,0
ALOW = 0
AHIGH = 100,000
IROT = 0
IPRINT = 0

SET 2

Vehicle Data

These data are read from file code ITAPEZ2 (=1 unless redefined in
DLIST of SET 1) using "FORMAT (V) ". This is a list directed read which
may be peculiar to Honeywell Series 6000 Fortran, Data are entered
on cards using columns one through 72 (1-72), and are separated by
commas, spaces, or by beginning a new card (see pitfall 2 below).
Decimal points should be used in real numbers, deleted in integers,
All units are feet, pounds, degrees or seconds,

SET 2 begins with a title card and is divided into a block of general
data and a series of phases, A new phase is required whenever a change
in aerodynamics, vehicle geometry or a step change in weight occurs,
Each phase is preceded by its own title card. Within the general block
and each phase, data are presented in a specific order as groups or
tables. Each group or table is also preceded by a title card. The con-
tent of the title cards'is left to the user, but their presence is
mandatory,
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In the general data block, the first group contains the total rocket
weight (less payload):; followed by the time at which point mass
(rather than 5-D)} integration is to begin (normally the start of the
final phase). This group is followed by three tables in exactly this
order, '

1. phase start times (referenced to zero)

2. time for spent stage separations (these must also be phase
start times)

3, discarded weight of spent stages (one for each time in Table 2)

The first value in each table must be the number of data points

(an integer} in the table, Rach table must have at least one entry,

zero if no other value is appropriate, If the limits of an indepen-

dent table are exceeded, the last corresponding dependent values

are used in subseguent calculations,

In each phase the first group of data consists of four vehicle di-

mensions, They are nozzle exit area, length of the vehicle, reference

area, and reference length, It is followed by fourteen (14) tables in

exactly this order,

1, Time (since phase start) for thrust and weight;

2, Thrust (one value for each time in Table 1, Vacuum reference is
assumed unless the word "SEA" appears in the title card foxr this
table);

3. E=xpendable weight remaining in this stage (one value for each
time in Table 1);

4. Mach number for drag coefficients;
5. Drag coefficients (one for each entry in Table 4);
6. Time (since phase start) for gravimetrics:

7. Distance from nose to center of gravity (one for each time in
Table 6) .

8, Pitch moment of inertia (one for each time in Table 6);
9. Mach number for pitch damping coefficient;

10. Pitch damping coefficient (one value, entered as a positive
number, for each entry in Table 9);

11, Mach number for slope of normal force coefficient;
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12,

13,

14,

Slope of normal force coefficient per unit angle of attack
(one for each entry in Table 11);

Mach number for center of pressure location;

Distance from nose to center of presgure (one for each entry
in Table 13),

The rules for table entries in the general block also apply to the
phase tables, If the limits of an independent table are exceeded,
the last corresponding dependent values are used in subsequent
calculations, Data are not saved from phase to.phase,

Input of SET 2 isg greatly facilitated by the use of preprinted forms
containing the title cards and spaces to record data, A set of forms
prepared for use by the Ground and Flight Safety Section, SQAEB,
NASA Wallops Flight Center is shown in Appendix A, The user may find
this input clearer after scanning these forms and the sample input
for a Nike Cajun shown in Appendix B,

Pitfalls to Avoid

1,

It is a rule of "FORMAT (V)" that only one delimiter (comma,
blank, etc) appear between values in tables, Particularly, lines
should not end with a comma, and a given value may not be con-
tinued on another card,

A zero level of thrust is always taken with respect to a vacuum.
Therefore, during coasting phases, the thrust table (input as a
single value, zero) must not be titled with the word "SEA", or
errant forces may be calculated for nozzle exit corrections,

SET 2, each phase, and each data group or table must be immediately
preceded by a title card and must appear in’ the order specified,

In SET 1, all four namelists must be present, and each must be

closed with a dollar sign ($). Examples of empty lists appear
in Appendix A and of used lists in Appendix B,
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10, OUTPUT DESCRIPTION

Appendix C shows the output which is produced when the input set of
Appendix B is used,

Page 1 is an echo of the Set No., 1 input lists.

Pages 2 through 5 are an echo of the Set No, 2 tables,

Page 6 gives a summary for the reference trajectories, -

Page 7 gives a summary of the trajectory of the spent stage,

Page 8 lists the F(Z) and DF(Z) data for the given wind condition,
Pages 9 and 10 list the unit-wind effects, range derivatives, and
coriolis deflections both in English units and in MKS unitg (which
are often required for off-range operations),

Page 1l is an echo of the punch output of the SENS-5D data which
may be used in wind weighting, Reader should note IPUNCH = 1 in
SDLIST of input data (see Appendix B),

Pages 12 through 19 list a detailed trajectory which may be.useful

in comparing the SENS-5D trajectory with another trajectory pro-
vided by a range user,
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APCAL:

APSTEP:

ATMSPH:

ATTERP s

AZRAN .

BATI:.

BOCAL:-

EFFECT.

FZCURV

IPCAL:

IPSTEP:
LINT:

LIST:
PCM:

11, SUBROUTINE DESCRIPTION

Calculates current time, altitude, surface azimuth, and
surface range at the apogee point,

Calculates the time that will be taken from current position
to the apogee point, This is used in adjusting the step
size until the apogee is approached,

Computes temperature, pressure, density, and the speed of
sound using an eighth degree polynominal. approximation
for the 1962 Standard Atmospheric Tables,

Calculategs the indices within which the current altitude
falls in the altitude tables (calied by ATMSPH) ,

Calculates current. latitude, longitude, surface azimuth,
and surface range,

Integrates the trajectory, for a given set of NANG eleva-
tion angles and a set of NPL payloads, Prints out salient
features at burnout, apogee, and impact points,

Calculates current time, altitude, surface range and
azimuth, and relative velocity at the final burnout.

Calculates, for a given payload and a given set of NANG
elevation angles, unit-wind effects for head, tail, and
cross winds, coriolis deflection, and tower tilt,

Calculates for a given payload and elevation angle the
F(Z) curve, Also calculates the ballistic wind factors
defined by DF{(Z) = F(Z) - F(Z-1),

Calculates current time, altitude, surface azimuth and
range at the impact,

Calculates the time that will be taken from the current
position to the impact point, This is used in adjusting
the step size until the impact is approached,

Program for linear interpolation using Aitken's Iteration
method employing a polynomial of degree up to 10, This
can be used for extrapolation, but with caution,

Prints input data,

Knowing values at a set of four points, it integrates at.
the fifth point (step size DT)., Procedure is modified
Adams-Bashforth Predictor-Corrector method, If error

> EPBIG, step size is decreased by a factor of 2; if
error < EPTINY, step size is increased by a factor of 2,
It determines if the phase will change after DT, and up-
dates the data accordingly, (References 3 and 4)
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RDATA:

REFAZE

ROCKET «

RTERP «
RTIMAT:

SETIV:
SCOLV3D:
SQLV5D:

SPENT

SPLASH:
TPRINT
WCONST «

WILERP »

Reads from disc number ITAPE2 the thrust and drag data,
interpolates for one time table and one mach number table,
and stores the data on disc number ITAPE3,

Updates the thrust-drag data, the integration variables,
and mass at the phase change, Also stores integration
variables for spent stages,

Runge-Kutta method of order 4, At launch and whenever the
step size changes, this subroutine is called, There is

an option to integrate one step or three steps, (Reference
3) '

Interpolates aerodynamic variables employing tables created
in RDATA at current time and Mach No,

Calculates indices to be used in ROCKET,

Calculates at the current time the rotation matrix from
topocentric to inertial axes, Also calculates altitude,

Initializes the various physical parameters necessary to
start the integration at, launch,

Solves for functions F in equation Y! f in 3D after final

burnout,

Solwves for functions F in equation ¥' = f in 5D from launch
to final burnout,

Calculates trajectory for each spent stage,
This is similar to BAI, but is called by EFFECT and FZCURV.
Prints in detail the salient features along the trajectory,.

Constant wind table, Given the input parameters (WIND,
WNAZ ,. ALOW; AHIGH), it creates table: ALTW(1) = ALOW,

ALTW-(2) = ALOW+1, ALTW(3) = AHIGH; VELN(l) = VELE(l) = 0,
VELN (2) = WIND x COS(WNAZ+PI), VELE(2) = WIND X SIN(WNAZ+PI),
VELE (3) = VELE(2), and VEIN(3) = VELN(2),

Interpolates for wind velocities at current altitude,
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12, PROGRAM VARIABLE DEFINITIONS

A Rocket thrust and mach number tables, A (I;J)_ I ig the
element number., J has the following meanings:
J = l: Time array for thrust and propellant weight,
= 2: Thrust table,
= 3:+ Propellant weight table,
= 4. Mach number array for drag coefficient,
= 5¢; Axial drag coefficient,

= 6: Time array for C.G. position (from nose) and
moment of inertia,

= 7: Distance from nose to C,G.

= 8:; Pitch moment of inertia,’

= 9: Mach number table for pitch damping coefficient,
= 10: Pitch damping coefficient

= 11. Mach number table for slope of normal force co-
efficient,

= 1l2: Slope of normal force coefficient,
= 13: Mach number table for nose to c,p. distance,
= l4: Nose to center-of-pressure distance, -

ACC: Relative ac&eleration in inertial coordinate system,

AD: Axial drag.% -

AHIGH : Maximum altitude'up to which wind is used and beyond which
ig zero,

ALEV: Altitudes of wind strata for F(Z) curve.

ALOW: Minimum altitude below which wind is zero,

ALT: Current altitude,

ALTW: Altitude table for winds,

ANG: Array for launch elevation angles,

APA: Altitude at the apogee point,

APAZ: Surface azimuth below the apogee point.

APR: Surface range below the apogee point,

APREV: Previous altitude for interpolation among the wind altitude
table,

APT, Current time at the apogee.
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ARRAY: Dummy array to store data or variables,

AZ: Current azimuth (geocentric),

AZGD: Current azimuth (geodetic),

AZGDL ¢ Launch azimuth (geodetic),

B Array of length 4, In B(J), J stands for:

J = 1: nozzle exit area
= 2: distance from nose to nozzle exit
= 3: aerodynamic reference area
= 4: raference diameter

BOA: Altitude at the burnout point,

BOAZ: Surface azimuth at burnout.

BOEL:. - Elevation angle at burnout,

BOR: Surface range at burnout,

BOT: Current time at burnout,

BOVL: Relative velocity (topocentric) at burnout,

CA: Drag coefficient, '

CF. Array of conversion factors, Multiplying by CF(J) means:

J = 1: radian to degree -
= 2 degree to radian
= 3: naﬁtical mileg to feet
= 4q fe&t to nautical miles
= 5 inverse of acceleration due.fo gravity (GO)
= 6 feet to meters
= 7s meter to feet
= 8. nautical miles to kilometers
= 9, kilometers to nautical miles

CMP . Pitch damping coefficient

CONST; =34,163194 x 10~3 °K/meter. Constant in atmosphere
pressure formula, .

DENS « Current atmospheric density,

DENSO : Air density at sea level = 2,3769 X 10"3 slug/ftB,

DIR: Direction table for wind,

DMAX: Maximum:step size during integration procedure,

DMIN: Minimum step size during integration procedure,

DPS: Array for storing integration variables s{14) .
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DT: Current step size for integration,

DTAI: Initial step size for integration from apogee to impact,
DTLA: Initial step size for integration from launch to apogee,
EL: Current elevation angle ﬁgeocentric);

ELGD: Current elevation angle (geodetic).

EPBIG: Tolerance used in step size control (if current error

> EPBIG, step size is decreased),

EPTINY: Tolerance used in step size control (if -current error
< EPTINY, step size .is increased),

ERW: Vector of error weights used in predictor-corrector
method. These weights, in conjunction with EPBIG and
EPTINY, are used to control step size during integrations.

ESQ: Square of the earth's eccentricity =6,6934217 x 10—3.

ESQl: 1l - ESQ

ESQT:. 1/Es8Ql

F: Array to store the functions £ in the differential
equation y' = £, In ¥(I,K), I denotes:

I=12,3: inertial velocity components along x,y,Zz.
= 4,5,6: inertial acceleration components along x,v,2.

= 7,8: rate of change of angular momentum about y
and z .

= 9,10,11,12,13,14; time derivative of the body-to-
inertial rotation matrix,

GAMA ; Current elevation angle (geocentric),
GAMAL: Launch elevation angle (geccentric),.
GDLAT » Current latitude (geodetic) .

GDLATL: Latitude at launch (geodetic),

GM: Product of the universal gravitational constant and the
mass of the earth.

GR: Acceleration due to gravity atthe current altitude.

GO+ Acceleration due to gravity at the sea level,

HALTB: Geopotential altitude table for the temperature curve
from 1962 U.S. Standard Atmosphere,

HLIM: Altitude from the surface at which the trajectory (impact)
has to be terminated,

HPI: Half of m,

HPREV Previous interpolation”value used in atmosphere table,
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IPAZ: Surface azimuth below the impact point,
IPR: Surface range below the impact point,
IPRINT: Option for printout of the trajectory variables:

0: summary only
1: detail trajectory with summary
2: debug option

hnu

IPT: Current time at the impact,

IPUNCH: Option for punchout of range, burnout, flight elevation,
unit-wind effects, and delta f(z) curves, These are used
as input to 5D wind weighting,

= 0: no punchout
# 0: will be punched out

IROT: Option,k to consider rotating or non-rotating eaxth:

= 0: non-rotating earth
# 0: rotating earth

ITAPEL: Disc number (=5 always) for inputting on cards the
NAMELIST data,.

ITAPE2: Disc number for inputting thrust and mach tables.

ITAPE3: Disc number on which processed vehicle tables are stored,
The tables are cross-interpolated prior to the trajectory
gimulation phase for faster program execution., (The two
tableg with time as an independent variable are given a
common time axis; the four tables whose independent variable
is mach number are treated similarly.)

ITAPE4: Disc number to store data for Speﬁt stage calculations,

IYY: Pitch (= yaw) moment of inertia,
JS: Subscript for separation times,
JSPENT: Option for calculating trajectory for spent stage(s):

= 0: no calculation
# 0: will be calculated

KPREV; Previous subscript used in atmosphere interpolation sub-
routine,

KSP: Number of entries in the spent stage table for drag co-
efficient,

KSTEP: Number of integration steps required before doubling the
step size,

LAT: Current latitude(geocentric),

LATL Latitude at launch (geocentric),

LCG: Distance from nose to the c.g.

LONG: Current longitude,

LONGL: Longitude at launch,
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LPREV:

MACH:

MASS:

MDOT ¢
MLAST .
MPL:

MPREV ¢
MPROP:
MSEP:
‘NAME:
NANG:
NCON «

NGOOD

(1]

NLEV:
NM:
NP -
NPL:
NP1,
NPMAX .
NDPST .
NSEP:
NSMAX:
NSP:.
NVAR:
OMEGA :
ONE .
ORDER:

Array for storing previous subscript used in interpola-
tion of thrust and drag tables,

Current mach number.

Current mass of the wvehicle, .

Current rate of change of the propellant mass.
Number of levels in wind tables,

Mass of the payload,

Previous subscript‘used in the wind tables,
Current mass of the propellant,

Table of separation masses,

Name of the wvehicle,

Number of entries in array ANG (launch elevation),
Option for initialization for various purposes:

< 0: ZInitialize all variables if launch coordinates
(latitude, longitude) are changed,

= 0: Initialize all variables if launch settings
(elevation, azimuth) are changed,

= 0¢ Wind not present,
> 0: Winds present,

" Number of steps integrated at the current time without

changing step size,

Number of entries in the wind altitude table,

Array for storing number of entries in array A,
Current phase number,

Number of.payloads.

NP + 1 ' ‘
Maximum number of phases that the program can take,
Total number of phases,

Number of weights to be separated.

Maximum number of separations that the program can take.
Total number of separations, .

Maximum number of entries for array A,

Earth's rotation rate (rad/sec).

1.0

Array to store the degrees of polynomial for each A in
cross-interpolating the time and Mach number tables,
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PHTI:
PHIL:
PHT «
PI:
PLM-
P8I1:
PSIL:
PRES ¢
PRESB;

PRESO:
QPI;
QS:

R:

RE ¢
RESTEP

RMASS:
RQ:
RTL:.

RXY:

SLOPE:
SP.
SPEED:

SPM:

Polar longitude (0° <PHI <360°),

Polar longitude at launch ("),

Array to store times at which a new phase begins,
Constant T.

Array to store payload masses,

Current azimuth (0° <PSI <360°),

Azimuth at launch ("),

Current atmospheric pressure,

Ratio of air pressure at a given altitude to. sea level
pressure (Ref, to 1962 U, S. Standard Tables.)

Atmospheric pressure at sea level,

n/4.,0 )

Product of dynamic pressure and aerodynamic reference area,
Current distance from the center of the earth{inertial),
Earth's radius at launch site,

= 1l: Integrations performed one step by Runge-Kutta
method, Used near the phase termination boundary.

3: Integrations performed three steps by Runge-Kutta
method, Three steps of Runge-Kutta are used in
obtaining starting values for predictor-corrector,

Total mass of the vehicle at the dignition minus payload,
Equatorial radius of the earth,

Array to store rotation matrix (from topocentric to
inertial), ;

Projection of R on the inertial X-Y plane,
Array to store the integration wvariables: S{J)
J=1,2,3;: inertial position coordinates (x,y, 2z}
= 4,5,6: inertial velocity component (ailong x,y,Zz)
= 7: pitch angular momenta
= 8. yaw angular momenta

9,10,1%,12,13,14: the elements of body-to-inertial
rotation matrix at the current time,

il

Change in atmospheric temperature with altitude,
Array to store the integration variable(s) for spent stages,

Speed table for wind, (Wind direction is denoted by DIR,
and altitude by ALTW) ,

Mass of the spent stage,
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SOUND: Current velocity of sound,
SQUNDO « Velocity of sound at sea level,

SRAZ . Current surface azimuth (bearing).

SUBM« Rocket mass minus propellant mass of a thrusting stage.

SY: Angular rate about body y axis,

SZ+ Angular rate about body z axis,

Te Current time, '

TAV + Array to store initial time, altitude and velocity,

TBO: Time at the final burnout, Integration change from 5D
to 3D here,

TEMP ¢ Current temperature in atmosphere,

TEMPB ; Temperature points from the 1962 U.S; Standard Atmosphere
Tables,

TEMPO: Temperature (atmospheric) at sea level,

TEPS ¢ Minimum time interval allowed for accuracy (not used in

) program) ,

THETA : Polar latitude (0° < THETA <180°)

THETAL. Polar latitude at launch (v),

THR: . Thrust at wacuum,

TNP1: Time when the next phase begins,

TPI: 2T

TSEP . Mass separation times,

TSLOPE : Slope of temperature with fespect to altitude,

TSP: Times at spent stage separations,

T3D: = TBO,

VA: Components of air-relative velocity in body axes,
VEL: Current relative velocity,

VELE : Table of east components of wind velocity,

VELN ; Table of north components of wind velocity,

VLIM: If the current VEL < VLIM then apogee is assumed,
VPREV: Array for storing previous interpolation value in A,
VT Components of velocity in topocentric system,
VOLIM: Minimum velocity at launch,

WE: Current east component of the wind velocity.
WIND: Magnitude of wind velocity,
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W« Current north component of the wind wvelocity,

WNAZ : Direction of wind velocity measured clockwise from North,
WPL:  Weight of the payload,

%0 - Inertial X component at launch,

Y0: Inertial ¥ component at launch;

ZERO s . Practical value of zero = 1;0 X loulsl

%0 Inertial Z component at launch,
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APPENDIX C

SAMPLE OUTPUT



SENG=5D CA_CULATIONS BEGIN coucemomwms-sce-eres

[NRUT DaTA SET MO, 1 _ _ | - I
EDLIST AZERD=20, IPUNCH21 ¢ _ . L )
BRLIST NPL=1,PLY=%0, AZGBL=120, NANG=11,ANG=70,74,74,76,78,80,82,84,
§6,858,90, JSPENT=sL % . .o .-
BFLIYT WPL®50, AZGDL=90, ELGN( =80, WINDz20eWVA2ES00., .
NLEYV=12, ALE¥=0,50,100,150,200,250,300,1000,39G0,400069, 30000,
60000 % e ammee s L.
BULIJT WPL=50,AZGDLEY0; NANGFLL,ANGET70,72,74,76:78;8%,82,84,86,868,90,

HIND=20,AHIGH=600G0 $

- v

¥064 a0

—— e g g ——

£
W TVNIDIHO

SI ),




INPUT DATA SET NO, 2

NIKE GAJUN

ROCKET WEIGHT, BURNgOUT TIME
19390, 2250 \
N, START TlMSg EOR PHASES

4, 50,017, 3,523/ 17,03 22,8
N, $TQRT TIMES FOR ~SPEN€1_' STAGHS '
1r §,523 S,
N %LE of flE“‘HTS FUR“ SPBNT STAGES -
R ..‘.<, ’
Péi§§ .ﬂ;l"_"ﬂﬁilﬂ§ﬂ.ggﬂﬂﬁﬂtﬁ _JHiS 1S YHRYSTING PHASE o e v e
NOQZILE EXIT AREj, LENEI_H FROM NOSE 7O NQZZLE, REF, ARES, REF, DIAMETER
1e9s 22450 1,474, 1,875
N, TIME TaBLE FOR, THRUS__T‘ AND PRGPELLANT WETGHT
22y ¥.Qy 0,01, .0,04,. 0,053 0,09, 0,13, 0,84y 1114£ 3,34, 2,04, 2,34
3,89, 2,84, 5,797 2499, 3,09, §,20, 4,28, 334, 8140, 3,46, 334
Ny THigEgSHEI —_ %ligﬁ %EVEL 75357 TELL, 565 e e e e emmmmm—nm e = e e e e
22¢ 19%8,0, 26939,0p 3941709 41628,0; 42397,0; 4 43263, 0
b3431,5, 2000000, "adsedny, HeeR00s, Fevas ik, Tadur Pl BTN
57975,0: 33648,04 24034, g/ 16343,0, 18884,0s 893B,8, 3268,0y 0,0
N, PRQPELANT WEIGHTS (NOT MASS) ST T .
22+ 738,90, 737,256, 782,10 729,98, 721 20i 707,874 353,07, 488,01
iﬂé_pi ] 275"75}_ 203,27, 166 61 130 42¢ 95,72, 53.!1‘34.69, 16360 e e e e et e e e A
1122, 43954 2,23s 0,68, 0.0 R T
N, TAGLE OF WACH NOS, FOR AXIAL NRAG. GOEFFS, T T
11 9,0y 0,75, 1,0, 1,20, 1,80, 2,0s R,%: 2|31 318,.4,8, 5.0
N, AX1AL DRAG CQEFFS, _ e i
11 90675, 0,595, 925 874 478y .71 804 (8151 ,B38%, 52 .455 . ... ... .
N, TIME T.QI_S_LE FOR €,G,_ (FRUH NOSE} DISTAMCE AND PITEH WOMENT OF INERT[A e e e e e vrran o e e et am s e
21 0.y 3,54
N, 6,8, DISTANCE FROM NOSE ) . -
2» 17,388, 16,0 . . . .. '
N, RITCH MOMENTS OF INi:RTIA . . e . R
230, 1255,

2
M, TABLE. QF MACH NDS, FOR RITEM DaMP]NG COEFFS,. . . R -
120 Ver %0 1400 1450 2:0& 2320 3,01 3.5, 4,04 4% 5 B: 23.& .
Ny PITCH DAMRING COQEFFS, . ) .
12, 25?251 185 5, 194 72. 21,99, 14,66, 11,39, 8 Pr 8,03, 7;?3.-?1’@.
-TY
N, TABLE OF ¥ACd NOS, FOR SLOME.OF=NORMAL FORGE CUEEFS . N
180, 0.0Be 0,9,.1,0, 1,5, 2,9; 2,95, 3,0, 3,3, 4, 0' 4.9 ’ D, 20,0
M. SLRPE OF !D‘MAL FOHGE COEFPS, .. . . .
124 9427, 7870 329, 124, +209_.175,. 1551 1141. 4._.51. 4.1.251 112_!__1:2._ . e - R e .
N, TAHLE OF WACH NOS, FOR G,Py {FROM NOSE! DISTANECES R .

- ¢ e ememEr o BE mm e s e r————— e e ot i

=

L e meemem e in



120 Qs 049 L.0¢ 1,70 8,07 245, §1Qn 3e5s_ 9.0y 445y 2.0 20,8,
Ny B.7, DISTANEES LI E T
12y éuzzﬂzl?i553-1?s§33il 187,18,75547,987417,5;¢ E7-°!31_£4§_;L§;§§§ .
15,833 i _ S — i T
PHASE Ngig BEalNs, COMMENTS THiS 15 COAJTING PHAS
MEZ§EE EXTT ARE4, LENGTF'FROM'NESE TO NQ ZQ Eil AE F "Nég. REF, DTAMETER
0,8,9,040,230,9,54 R .
N, TIME TABLE FOR THRUST AND BROPELLANT WELIGHT
1 0 ' -
Ny THIUSTS AT VACUUM )
‘11 Oy —
N, RROPFLUANT WETGHTS (NOT MASH)
3. 0
Ny AéLE ‘OF YACd NOS, FOR AXTAL DRAG COEFFS,
7!. ;!9' e U, 3[0’ 4 0' 5.01 ° {]j B 0 e . _
N, axiAy nﬂAs JIEFFS, . -
7y 0,93, 72, 15% 151a 443e 43, 36
N, TIME TABLE FIA §,G, (FROM NOSC) DISTANGE AND PITGH MQOMENT OF INERTIA
1: 0,
Ny c,q, AISTANCE FROM NOSE
19 74783
Ny RITCH MOMSNTS OF TNERTIA
1o 160,323 . . .. _ e - — — et e
N, TABLE OF W4aki Mos, FOR RITEW DAMPING COEFFS,
90 115 d U 3.0, 40“! 5103_ 6 U| 7 U B,B; 29.0
N, RITCH DAM =|ug LOEFFS, )
8, 178.4r 1571 12291+ 104,85y 88,94, 78, 4By 69,78, 69,76, 69,76
N, TAaLE OF MaCH NOS, FOR SLOFE OF =NORMAL FORGE CUBFFS,
212 ELQL 3:0¢ 4 Os 5,0, §,0, 73,0 8,0, 28,0
N, qupi OF V0AMAl, FORCE COEFFS, ] )
Gy U138, 47, (33, 1264 422, 119: 117, G 46e 416
N, TAQLE OF YACd NOS, FOR G,P, {FROM NOSE) DISTANGHS
9y 315 270, 3,0, 440, 5,0, 6,0, 7,0, B,0; 20,0
M, C, p DlsTA“ S FROM NOSE
9y ll;ﬂﬂazlﬂxﬁz3!1015§319 917,9,5,9,167,8,875,8.825,8%625% .
PHASE NB,3 BEGINS, COMMENTS THIS 1S THRYSTING PH4SE
NOZZLE EXIT ARES, LENGTH FROM NQSE TO MOZZWLEs REF, AREA; REF, pIAMETER

0,223/23,083,9,230,0,542
N. TIME TABLS FOR THRUST AND PRDPELLANT WEIGHT L
2he D4a 0109 408y 4150 54 o7y Lar 1,29 Le8) LiB¢ 254 2,40 2382 2,98
- d.04,. 3416¢“§426L.3 44 3,8, 5,, 6,0

N, TH3USTS AT VACUUM
289 4714y 2921, 787144 7671408 75461 7671,e 81711 8821
B971,1 8971,s 9196,v 98454, 9521ivs 7374pe 317041 4B

8746 N
696,41 521,

il sse)
el T

i,
L



47 0 -
N, PR QPELLANr WE1GHTS (NOT MASS) ) . -
21y 11¥,., 118, a. 117,91y 119,8, 103,73, 97,0y 86;46) 79,03, 74,34
§5,48) 47,54, 31,30, 14,04, 6,43y 4,347, 1¢46; ;614 124, 4174 0440,

N, TAHLE QE.*ACH NQS, FOR Axlik_QBAE,EQEEEEL_"

8¢ L1,Fs 2,8, 3,0, 4,9, 5,04 8,0, B, Pt 20,0
Ny AXTAL nuAa chFrs o

Bl, .a"?s, 62' [531 46' (‘48! |3B] |§‘_1'| !;_,4

N, TIME TAaLE FoR c,G, (FR0M NDSE) DISTANGE AND PITEHW HMGMENT OF INERT[A

2 049, 5y .
Ny B8, DJEI_NCQ_ERQF NOSE ——.

2t 1,183, 7,358 . .
N, RITCH MGMENTS OF INERT!A

21 22915' 96'01 -
8, TAGLE OF MpZH NOS, FOR PITEH DAMPING COEFES,

9t 1:5| 2-01 3.0 q s 5, Qv Qtol 7!@ .slg‘- ZQ:U - -
N, RITCH DAM?1NG COEFFS,

97 474,4) 167, 122:1s 104,6) 68,94y 76,88y 69,78, 67,76) 69,76 i
N, TABLE OF MACH NOS, FOR SLOPE- OF-NOﬁHAL FORGE CO=FFS, A
90 1420 270, 3.0, 5S40 a 0y 7,0, 8,0, 20,0 oo
N, BLOQPE oF VO?HAL Foﬁce PDEFF )
S @438, 470 4 33s q26y 422y |19' 17y W46 140 .
N, TAJLE QF MACH NOS, FOR QLEL_LEBOﬁ NOSE) DISTANCHS oo

9r 143 200, 340y 440r 54Q¢ 9,0, 7,0, B,0, 20,0
N, C,P, DISTANCES FRUM NOSE i

&s  11,042,10,933,10+333,9,927,9,5,9:167,8,875,8,625,§,625

PHASE NO,4 BEPIN? LOHMEVTS TH!S Is COASTING_A“D LAST PHASE
NOZZLE EXTT AP‘A; LENGTH FROM'NOSE TO NOZZLE, REF, AREAD REF, HIAMETER
0e8:0,0:0:230,0
N, TIHE TABLE raﬁ fHRUST aND” PROPELLaNT AETGHT

1:
Ny THEU$T§ AT vaCUuy'

1, .
ue BREPELLANT HEIGHTS (NOT HASS)

1..0 I .
Ny TAQLE OF YACH NOS FOR AXIAL DRAG COEFFS,
8t 140 270, %0, 440, 5,05 6,0, 8,0, 2040
N4 AXIAL DRAS ,nEFrs,

N G193 1724459, 151' 145¢ 424 36, 1)

Ng TIHE TASLE FOR C G, {FROM NOSE) nxsrawca AND P
1., .

Ny § G lesTﬂN"F FQOM NOSF’
1 L

Ny FIIGH MOMENTS OF INERTIA :

1Ted HOMENT OF

INERTIA

C- 4



1._0, ——
Me TAQGLE oF 9ACH NOS, FOR PITeH pAYPING SORFFS, - .
1. 9, —
N, RITCH DAMRING COEFES,
11 04 e e o o . e - e am et e e e - ————
N, TABLE of 4ATW NS, FOR SLOFEZOF=NORMAL FORCE CUEFFS,
1: 0y e e e .
N, SLQPE OF VO3IMaL FORCE GOEFFS, -
1, 0 i s .
Ny TABLE OF ACH MDS, FOR C,Py (FROM NOSE] DISTANCES .
e Uy .. — — e P . —
N¢ G,P, DISTANCES FRo# NosB R -
e 0, ) S, ,
SPENT 5TAaGE Yoyl  BEGINS, COMMENTS -
TIME OF SEPARATION, SEPARATED WEIGHT, REF, AREA | . - . .
J12249) %6470, 0,0 e .
Ny _TABLE OF ¥AZH NOS, FOR AXIAL DRAG COEFFS, R - —
21 0, 20,0 - .
N, AXLAL DRAG CDEFFS, - .
2! gll OI i
- e e I - — e e e S
£9 —
My By
S5
:Ug
Se e S - T e
fr ™y
&

c-5



NABA wé;Lups FLIGHT GENTER _.
WALLOPS TSLAND, VIRGINIA -

TRAJECTIRY SUMMARY AT BURNeOUT, APQGEE AND IMPACT " T c
VEHICLE = NIKE CAJUN . ) . . . .
PAY LOAD = 50,00 LBS - ) T }
LAYNGH AZ = 120,00 LEG -

WIND = ZERG

EARTH = ROTAT[NG MODFL

# P 0 & E E B M R N (I TR 1 M 7P & C T
- . DY X-¥- FIT-E RUR RUL R YRR FIIIL FLRRTE. ey X2 0qu-u¢“ﬂnnﬂﬂ?quqoquqwgﬁﬂ#&o&#uﬂqnﬁﬂrﬂn#o#’ﬂﬂlqn&#tu#oa#nnﬁuﬁ gHytghnpptopbipeadagddonns
EL TIME ALT RANGE Tine ALT RaNGE VEL FLT/EL  FLTzA2 TINE RANGE Az
(DEG) tSEC) (FT2 (NM) (SEC) (FT) (M) (FTXSEC) (DEG? (DEG) (SEL) L ANMD (nEG’
70,00 177394 42?521; TTTEE, 9 22760 55020, 4,1 5748135 63,30 T119,937 " T350,82 ‘28'?““T?T ig ~
72400 12,59 452973, 59,8 zz.uu 569085 3.7 5765,00 65,56 119,91 359,84 120 0 121,25
74,00 186,62 474109, §4,9 22,00 57930, 3,3 5776,98 68,63 119,87 347,39 tlo,2 124,33
7640v 190,19 493497, 40,4 22,00 58785, ° 2,7. 5789,34 71,33 119,82 374,36 99,1 124,42
78,00 193,487 510755 43,7 22,00 59532, 249 5799.3& 7l.bu 119,76 380,39 86,8 131, 5;
8004 198,05 525976, . 3646 _ 22,00 60165; 21 5Bp8,3 76,70 139 68 385,44 73,4 131,6
82,00 198717 537708, 2%, 4 22,00 60634, 107 5815,22 "757?3“ “‘Iﬁ*ﬁ 3_¥*§2 " BT12L,90
84,00 199,76 545997, 22,0 . 22,00 61087, T1,3 5820,49 82,11 119135 392} 61 44,2 122,24
B6,0Y 20g,85 553482, 14,3 22400 61372, 5,8 582409 g4,82 118,94 394,70 28,7 122,99
BHLOU 2c1,46 557308 6,4 22,00 61539, 044 5826,18 87,53 117.62 395" 79 12,9 125,35
gu.00 ‘201,54 558125, 146 22,40 61589, 00 5826,76 89,73 323,35 395,95 3,2 283,22

- —— . - e e —rr——— e




NABA WALLIPS FLIGHT LENTER
WALLGPS [SLAND, VIRGINIA

TRAJECTIRY SUMMARY FCUGR SOENT STAGES,

VEWIGLE
PAY LOAD
LAUNGH 42
WIND
EARTH

LAUNGH
ELELES)

70.0u0
72.00
74,9
76,00
78.00
40,40
82400
§4.00
46,09
88,08
U404

oo ann

=
[ 4]

es (RARENT VEHTCLE)
120,00 LEG (4,}

ZERC A
ROTATING MODEL

[P U [ —

el e Ll ko Y P

s E # A R AT o N

, pheadoptnotepn ugquuauoaoﬁnnaﬂﬁﬂvnébiunoouoouﬂooonﬂiloc;ﬂﬂwlﬂoow#ﬁobovooiﬁouc«

. TIHE WET1aHT ALT RANRE AZ VEL FLT/EC FLYFEZ™
CSEC) (SLUG) (FT} (NH} {DEG) {FT/SEC) (DEG!} (DEG)
3,52 564,00 5762, 0,37 119,63 3308,4b 68,29 119,62
3,92 564,080 58 42. 0.31 119,57 3305 30 TP, 465 i19,58
3,52 _ bed,pp . 591s, . 3 119,51 330898 72,6% 119362
3,52 564,00 5974, "'ﬁf@g ‘II?*I?“‘““?!‘?‘%& 74,82 117,44
3452 584,00 6030, Dy2% 119,31 3367 8% 77,00 119,34
3.b2 564,00 6076, p.i¥ 119 14 3307 72 79,18 119,19
3,52 584,00 6115, ggiﬁ 118550 3367162 53.37 118,98
3,52 564,00 6145, Q.13 118162 3307,96 83,58 118,62
3,52 584,0p _6164, 0,47 117,76 335748 BS, 171 117 '90 e
3,52 584,00 6177, 0,08 115,58 3307, 45 32,§2 115,87
3,52 564,00 6189, 0,0 355,31 337,44 5,80 353,52

{SEC)

199,64
202,32

P A

(NM)

39,27
35,93

32,40
28,69

24,80
20,80
16,67
12,45
8,16
3,83
0.53

T

_u#nﬂodowq¢ﬂuﬂﬁqﬁouoag.0

RANGE

A7
(DEG)

120|5°
12p,61
120464
170,55
{20.70
120:74
120,80
120,99
124,09
124,73
291,93



NABA WALLOPS FLIGHT CENTER

HALLRPE ISLAND, VIRGINIA
F(Z)=CURVE AND GALLISTIC WIND FACTCRS

VEHIGLE = NIKE CAJUN.

PAY LOAD = 50,00 LBS
LAYNGH BL = 80,00 LEG
LAYNGH AZ = 9G,00 DEG
WIND = 20,00 FT/SFC ¢
EABTH = NON=ROTATING MODEL
Fd WIND ALT |
- {FT) (M)
- B g,
i 50, 15,
A T
5 Zgq! 61,
€00, 1,
Do o
§ ~ TogotTTTTUT 805,
9 3oge, Y14
19 10600, 3648,
11 30000, 9144,
13 60000, 18268,

6,40 MJSEEC) 300,00 DE{i AZ FROM NORTH

A N A e sememmeeme— o mrs

Porres omen w

IMPAGT RANSE Ftz) . BEt2} WIND ALT .
(NM) (KM} FLzY=F(Z51) (FT) {™) -
75!69 1'“].18 ﬂ. Oq ol — U; -

73,90 156,87 0,13472 0,33472 50, 15,
72,35 184,00 0,85345 D,11873 i9g, S0,
71,21 131,87 0,33946 0,08600 i50, 46,
78,34 130,22 p 40820 ¢,08874 200, 61,
69,72 189413 0,45358 0,04585" 2%q, . 76,

69,47 128,11 __Dn.,49609% _ _ 0,04251 00, L R - e
66,07 122,37 0,74018 0,24408 1900, 305,

64,23 1i8,595 0,8888¢0 0,14863 . 3000, 944,
63,90 118,34 0,91596 _0,08716 L0060, 3048,
64,47 119,40 0,87196 =0,044481 30000, L7144,
62,88 116,46 1,00000 0.12604 40000, ‘18268,



NASA WALLOPS FLIGHT GCENTER
WALLOPS TSLAND, VIRGINIA

UNITGHIND EFFECTS, CCRIOL!S DEFLECTION AND RANGE WERIVATIVE

VEHIGLE = NIKE CAJUN R — — — e et

PAY LOAD = 50,00 LBS

LAYNGH AZ © 90,00 “BEG _ :

WIND = 20,00 FT/SEG T_ 6,10 M/SEC),

EARTY = mam-norarlng_,gggL_

FeR=§% S¥YSTE® = = | -

LAUNGH EL NDzkInD- [MAAGT CORIOLIS DEFLECTION  RANGE DERIV ) UNIT . WIND EFFECTS
{DEG) RANGE(AMY.. AZTIDEG) NORTHINH)  "EaSTinM) {NM/DES) HEAD (NM/FRS) TAIL(NM/FPE] cROSSINM/FPS)

T . it > .

70,08 _128,6% T . B9449 2465 ___ =0,50 =3,18931 0,30893 =0,40667 o 0,74411
72,00 120,89 #BYy43 %260 71,06 54,21265 0,40376 =0,20350 n,77422
74,0p 111,56 *89,35 52,52 51,35 54,9477¢6 0,494i4 “0,58509 n,B89i4o
76,00 100,85 89425 92,39 si,78 £2,45082 0,57858 ,6579 0,82582
78.00 88,77 89,12 2,23 54,03 56,34817 0,85%01 =0,72564 0,834603
§0,09 75,69 68,94 s2104 $4,33 s6,723%0 0,72354 =0,78550 0,86415
§2,00 . 61,70 _ ee.ea .. si,82 54,59 s?,16007 . b,78522 »(,83258 0,88042
§4,00 46,95 88,23 81,58 54,80 57,49689 0,63188 ~0,86762 T 0,892%2
§6,00 31,66 89,34 8131 §4,9%8 e7,70074 0,84453 =0,89372 0,598%80
§8,060 15 98 Ba, s8R sl04 s§,08 s7,497852 0,89329 =0,%0552 0 60397
F0.00 1,48 368400 50475 5,11 7.96374 i,904317 s0,90612 o, §0439

H=K=§ SYSTEMY T e - ST T eSS e s e s R

LAUNEH EL BOzWIMD  IMRAGT GORIOLIS DBFLEGTION RANGE DERIV ygNlit 5 WIND EFFECTS
{DES) RAMGE(KM)  AZIDEG) NORTH(KM) “EAST (kM) (KM(DEG HEAD (Ki/HPS) TAIL (KM/MPS) CROSS(KM/MPS)
Taeyp 236,34 89.49 e =891 51307 $5,90660 1,87721 52,4710 4,52131
72,00 223,89 89,43 54402 51,96 §7,80182 2,45326 T =3,u4é3$ - '“1?L7§Z§I' i
74409 206,61 89,35 54166 53,49 59116326 3,00%28 £3,55509 4,86942,
76409 166,73 89,25 54,43 78429 =10,093%9 3,51549 $3,99749 5 01656
78,00 164,44 69,42 w4113 3,77 »11 756480 4,00422 .4.40903 5,14058
80,009 140,18 88,94 =378 =#,31 s12,45266 4,396834 34,7782 5,23069
82,00 . 114,26 88468 . 83,37 58,79 313,26044 4,77307 ) -5.05888 5. 34953
g4,00 86,95 88,23 2192 32,18 315,68425 2,05448 $5,07477 " 542060
86,00 58,64 87,34 2143 5p,53 s14,26178 5, ,26518 =5,43035 5;46182
B8.00 29, 59 84,68 1,92 =2,70 14,59187 5 42772 =5.50205 5,48956

c-9
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90|OU 2.75 36“;00 ;1.!39 :2;.76 3;4&74158

5,49382 =5,50568

THIS CPYCLUDES THE CALCULATION, . _ _ —_— . _ e
R — -
N
s _
S5 |
iy & e
9‘@. - - -
&
ey S B )

e

5,49823



SFMS-Lh TAR|FS FOAR MTKF CANIN

Ma LAaUNCHE FLFVATIONS (DEG) FOR IMPACT KANGEs R-N FLT-FL AND APQGEE ALT
11 70,00 72.00 Téa.0 700 TR.00 BOL00 HB2.00 A&4,00 B6.00
A, 00 S6.00

TMPACT waNGFS TN NM
124,14 120,00 110418 99,10 B, T9 T3.47 59.17 44,21 2RLT3
17.94 3,720

a-n FLT/FL TN DEG
A3,.30 A& L0906 AR.AT 7T1.31 T4.00 T6.T1 Tu.40 AP.11 B4 487
T LR Aq.,.713 N

APOGFF ALTITUNDF TM FT
4?2a521, 45P%T3, 474109, 493497, 510755, 5255 Th. 537TuA,
SaRQuT, RR34HP, KRBT3NA, '558125.

Ba ALTYTUNF TaalF FOR F{Z) aND DELTA F(Z} CUPVFS

17 . Ble 1¢0, 150. 200. 250,
300. 1000, 3000, 10000, 30000, A0000.
F{7] CURVE
0. 1.1347 0.25135 0,339% 0.4082 N.4536 0.49601 07402

DJEAKA  N.G91AD M. 8720 1.0000 -

NFLTA FLZ)Y CURVE
L 3% N,1347 0.,1147 O, 0860 0.0687 0454 N.0475 lerP&4]
BDL14RF 0,0272 -0.0440 h.1780 )

Me LAUNCH FLFVATIONS (NFG) FOR UNIT-WIND EFFECTSe RANGF NIFRIV AND CORIOLTIS NDFFL

11 ThetiD TP.00  Ta,00 76,00 TR,00 80,00 A2.00 A4.00 AA,00
qu, 00 90,00
WEAD UNET-wIND FFFECT (NM/FT/SEC)
0,300 Nadfia D.6o4 0.579 0.659 D.724 0.785% 1.832 1aHAT
(IR (=171 .
TAT! UNIT=wIHlN FFFECT {(NM/AFT/SEC)
=M,407 =0,501 =0.9R5 =~U;658 =0.726 =0.7R6 =0,833 =0.86R ~0,A9%
= ,00A =0,906
FROSS INIT=-wIND FFFFCT (NWM/FT/ZSEC)
faTda e TTa RG] f.6826 N.846 0.8AL 01RO 0.H92 0.599
n.a02 i4 R0k
BAMGE NERTV (NM/DFR)
-3.18%  =4,P13  =4,94R  ~A,450 =h,348 =6,TR4 =T7,1A0 =7,497 ~7,701
=T.ATY  ~T.9604
CORTOLIS NDEFIECTION TN MORTH (NM) .
—PWRRP wPLAD4 ~P.519  =P,393 =P2.232 =-2s06]1 =1.819 ~1.574 =1.314
=l i3 =N, TEP .
COLTALTS DFRIFCTTOM T FAST (M)
=577 ~1.0589 =1,347 ~1.779 =2.033 ~2.330 -2.58H =2,79%39 -2.985
=307~ =3.1127

(o)
o2
B
2%,
%%
>

-1l
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SENS~5D CALCULATIONS BERIN ggevwwwemcegmgoewen-w

[NPUT LATA SET tiD, 1

SDLIST
§8L 15T
$FLIST
$ULIST

U aZglps20 ¢ -

NPL=1,PLH35C, AZRDL=12n, NaNG=1,ANG®80, IRRINTe1 g
5
3

C-12



NASA WALLOPS FLIGHT [ENTRF
WaLLOFS TSLAMD, VIRGINTA

TRAJECTIRY SUMMAPY 471 BURL&GUT, APOGEE aNL JTHPACT

VEHIGLE = NIKE CcAulN
PaY LUAD = 50,60 LBS
LAUKCH A7 & 120,00 LEG
WIND = 7ERD

EARTH =

RATATING NOGFL

nd ¥o0od J0
TyNIOTE0

RITTV
§1 @dvd

C- {3



DEYAILED PRINT-OUT OF TRAJECTIQGRY FOR LAUNGH ELEVATION =
UNITS ARE F~P-S«NEGRLE, FXCEE? u

TIME.

Ha 30
Ul
Jsdl
UfJO
Ui 0
JeJ6
2430
0edO
u.Ja
JedC
G0
Uedd
§.40
0.800
0.+00
0+91
Gl
HeJl
Jedl
Ufﬂl
491
Jedl
Jaeddl-
UeIl
d.al
sl
L3l
el
Jad2
0.2
ygde
0.2
0433
U338
0.03
Uedd
Dy 04

HANGE

.00
J, 00
2,90
3.89
Y
a'an
3.00
3.29
2.0
o.an
3.00
9.09
9,99
3,90
0.00
0.00
$.09
3.99
0.00
0.30
0.9%0
0.90
.09
0.99
0.0
0,90
0.9
0.89
2.9
0.9
9.20
0,00
0.50
8,20
9.00
9.90
0,00

BEARING

180409
18(.00
180,00
13n.48
180,03
13u.09
180.00
180,00
218.37
1804490
18y.40
18n0.40
190.09
189400
180.00
1896.09
180.00
130400
136,00
180.00
180,00
130+00
218.42
237,82
237.82
237,82
291,59
201,59
201,99
201,59
291.59
201,39
201,459
203.59
201.39
201,9%
180.09

ALIITUDE

20,
29.
e,
2n,
29,
23,
2L,
21,
21.
21,
21,
1.
2n,
29,
20,
21,
2¢,
2n.
2%.
A
21.
24,
24,
21.
21,
21,
21.
21,
24,
21,
21,
21'
24,
21'
21.
21,
21,

RAMGECNM) AND ACC{GD),

8g,00. NEG

e 1y

1. . .1,

FLT/EL FLIZAZ VELDGITY ACH HaCH THRUST _DRAG _D/PRES ETA_  OQALFA.
79,86 11%.11 0. 18,0 0,00 29749, 0 0 .43 0, 1566.9 g.
79,44 11%9.11 1. 38,0 0,00 29807, 0. 0. 0.45 0. 1566.9 0.
79.63 119,10 1. 18,1 0.08 29875. 0, Q. 0.46 6. 1566.9 0,
79,62 119,10 1, 18,1 0,00 29943, g, . 0. 0,47 0. .1564,9 0.
79,61 .119.10. 1.-18.2_ 0,00 30010, .. 0. .. .. ..0, _.D0D.48 .  _.0.,..1%866.8 ___0.
79,680 119,10 . 14,2 0.00 30078, Oa. 0: 0,49 0. 1546.8 0.
79,60 119.10 1, 16,3 0,00 30143, fi... .7 . D¢ n,.49 0. 1566.8 Q.
79,59 117,11 1. 18,3 0,00 30243, 4. . 0 0,54 0. A1566.8 Q.
79,59 119.10 1, 18,3 0,00 3p281. . 0, n,5%0 0. 1%6&.7 o,
79,53 149,18 2, 18,7 ¢,00 30889, 0. . . 0.51 0. 1566.5 o.

- 19,58 .149.40 .2, 48,8 0,00 31034, . .0, g 0,52 ~p—_18s4,.4 0,
79,58 119,10 2, 16.9 0.00 31159, 0. . 0. 0.52 0. 1566.4 a,
79,58 119,10 3, 49,0 0,00 31295, 0« . 0. 0.82 6. 31566.3 0.
79,57 119,10 3, 1%.4 0.00 31430, 0, p. 0.52 0. 1566.3 0.
79,57 119,10 3, 19.2 o.go 31563, Q. Q.. @&.52 0. 1%566,2 ¢.
79,57 119.190 3, 19.3 0.00. 3I1700.. 0. 0, 0,52 a., 1566.2 0.
72,58 .. 148.10. _ 3y 193 0,00 31835, N O 0,52 - ABA6.1 . ..
79,58 119,10 4, 19,4 0,90 3I1970. 0. D 0,32 0. 1566.1 a.
79,58 119,10 S, 20.2 0,00 33187, Qe 0: 0,51 0. 1565.6 0,
79,58 119,19 6, 20,4 0,01 33455, Da 0: a,5% 0. 1%965,5 0.
79,58 119,10 6. 20,6 0.31 34728, 0. 0. 8,51 0. 1565.4 a.
79,5¢ 119,10 7, 2047 0,01 33998, Oa 0. 0.591 0., 1565.3 1,
19,59 .119.10. 7,.20.9..0,01...34269, 0, _ .0, ..0.50.. 0. .1565.1 . _D.
79,59 119,30 7, 21,1 0.01 34839, 0 D¢ 0.50 0. 1565.0 [
79059 119010 8, 21!3 ﬂ.ﬂl 34309; ﬂ- Gl 3.50 ﬂ- 1554-9 0-
79|59 319;10 an 21.4 olal 35050. UI ﬂl D.’D ﬂt 1564:8 0.
79,60 119.%0 9' 24,6 0,91 393%0. 1 [ 0,90 0. 1564.7 a.
72,61 117,10 13, 23.2 0.91 37784, B g, .0.48 0. 1563.8 0.,
79,62 119.40... ... .14, .01 38324, 0. 0. 0.48 _ _p. 1563.85  D._..
79,62 119.10 13, 23.% 0.01 38669, 0 0. .0,47 0. 1563.3 0.
79,62 119,18 16, 24,2 0.31 39406, 0. Qs 0,47 0. 1563.1 0.
79,63 119,10 17, 24,4 0,01 39689, 0. a. 0.46 0. 4542.8 t.
79,63 149,10 18, 24,6 0,02 39945, 8, - B 0,46 0. 1542.6 0.
19,63 119,10 19, 24,8 0,02 4p242. 0. 0+ 0.46 o, 1562.3 0.
79,64 .119,40 . ._ .20, 28.0- 0.02. 405148, _ __0,. . 8. __0.45 O...1562.0 .0,
79,64 119,10 24, 28,14 0,02 40794, R PR n.45 0. 1561.8 0.
79,66 119,40 32, 25.8. 0,03 41822, 043 i. 15548.8 Q.

WEIGHT _HINDN WINDE



TIME  RANGE- sgARiNq ALTITUDE FLTZEL FLT/AZ VELQOCITY AGGE MAGH. THRUST DRAG p/PRES ETA OALFA WEIGHT WINDN WINDE

034 9,30 1A9.00 21, 79,67 119.10 33, 25,9 0.03 41846, 1. v 0.43 1. 15%8.5 0. 0.
095 9.90 180.09 21, 79,67 119,10 34, 25,9 0,03 41B70. 1. 1¢  0.43 1., 1558.2 0. 0.

S P |- 3.8 185,00 2. 28,67 119,10 35, .25.9 .0.03.. 41894, . 1. . . 1. 0.42 1. 1558.0 9. 0.
Us08 8,30 180,00 21. 79,67 119,10 36, 25,9 0,03 41918, 2, 2+ 0.42 1. 1557.7 0. 0.
0:35 .30 180,00 24. -79,67 1t9.10 37. 258.9 0.03 41942, 2. 2. 0,42 1, 1557.4 0. 0.
1408 2.30 180.00 21, 79,67 117.10 38, 26,0 0,033 41964, 2 2 D.42 1, 1557.1 9, Q.
0425 9,09 180.00 24. 79,87 119.10 39, 26,0 0.09 41990, 2, 2+ D.42 1. 15%6.9 0. 0.
0.5 0,20 180,00 21, 79,67 119.10 40, 26.0 0.04 42014, 2. 2. 0.42 1. 1556.6 0. 0.
——Q.0& .. 9.50 180,00 22, 19,63 149,10 . . 50, 24.2...0.04-. 42233, 3. . . 3. Q.41l.. 1., 1554.1 a. Q.
0407 D.30 180,400 22, 719,68 119,10 52, 26,2 0.0% 42279, 3, 3, 0,41 1, 1553.6 0. 0,
0.07 0.30 183,00 22, 79,68 119,10 54, 26,3 0.0% 42327, 3, 3. 0.41 1. 1553.0 0. 0.
0.37 0.00 180,00 2z, 79,69 119.10 56, 26.3 0,05 42375, 4, 4, 0.41 2. 1552.5 0. g.
0+07 , 0.00 165,22 22, 79,89 119.1¢ 58, 26,3 0.05 42403, 4, 4, 0.41 2, 1551.9 . 0.
0438 p.00 145,22 23.. 79,69 119.10 60, 26.4 0,05 42411, 4, 4 D0.40 2. 1551.4 . D.
— 508 p.0p 16%.22 -23, 79,69 119,10 _ . 42, 28,4 0,06 42419, 5.  .__ . 5, D.40 2, 1550.8 9.. -~ 0.
Q.08 G.00 165422 23, 79,69 11%.10 65, 26.4 0,06 42423, 9, 5 0.40 2. 1550.3 0. 0.
0.08 3.00 162,43 23. 719,69 119.10 67. 26.4 0,06 42436, . .3, 5. 0.40 2, 1549.7 0. 0.
0s11 0.00 147465 25. 19,70 119.10 86, 26.% 0,08 425p8, . 9. 94 0.40 3. 1544.7 g, Q.
D.11 0.80 .147.65 25, 79,70 119.%0 90, 26.6 0.08 42524, 2. 10, 0,39 4, 1543.6 0. 0.
0.12 0.90 152.18 2s, 79,70 119,10 94, 26,6 0.08 425490, 10, 11, 0.3% 4. 1542.% 0. 0.
~-0a12  C.0p 141.63. 26, 19,20 419.30. . 99, 24,6 0,09 42856, _1l. _ . .12. 0.39 5. 1541.4 0. 0.
Gel3 0.00 141.63 27, 7%,70 119.:0 103, 28.6 0.0%. 42572, A2, i3, 0.39 5. 1540.3 0. 0.
Oal3 0,00 145,84 2. 79,70 119,40 107, 24,7 0.10 42588, __ i3, 14 0.39 5, 1539.2 0. g,
014 9,00 437,36 28. 79,70 119.10 112, 26,7 D.10 42396, a4, 15, 0,39 6. 1538.0D 0. g.
0.+14 0.50 137,86 28,  79,7p 11%.10 116, 26,7 0.10 42601. 16, 16, 0.39 6. 1536.9 0. 0.
U413 0.90 141.63 29, T79,7¢ 119.10 120, 26,7 0,11 42604, Ale 17«  0.39 7. 1535.8 0. 0.
P L 0.00 - 130,22 36, 79,714 .119.40 ... 189, 27,0 0.14..42650....29. .. 30, 0,38 11. 1525.7 0. .
v 20 g.0n 132,37 317, 79.71 119.10 168, 27.0 0.15 426650, J2. 33. 0.38 13, 1623.5% Q. 0.
Gell £.20 126,14 3a, 79,71 14i9.10 176, 27.0. .0.16 42670, 36, 37. (.39 14, 1521.2 g, 2.
3‘522 0.30 125{29 ‘ov 79.71 119010 . 135. -27‘1 0&17 4266“] ual 41I 0.38 15.' 1519.0 .00 Q'
Ue23 0,00 126,08 42, 79,74 119,10 194, 27,1 Q.17 42690. 43, 4%, 0,38 17. 1516.7 0. G
(.24 0.09 12%,80 44, 79,72 119,10 203, 22,% 0,18 42700Q. A2, 49,  0.37 18. 1514.5 0. 0.
—-g+25. 0,30 123,84 . A6, . 72,72 149,310 2141,.27,2 0,19 42749, %4, 53, Q.37 _ 2p. 1512.2 0. 0.
(+26 3.00 125,22 48, 9772 119,10 220. 27.3. 0.20 42720, 85, 57. 0.37 21. 1510.0 0. 0.
G.27 0,90 123,62 - 50, 79,72 119,10 229, 2%,3. Q.24 42730, ° 60, . 62, 0.37° 23. 1507.7 0. 0.
0e36 D.00 121.5% 74, 79,72 119,10 3pY¥, 27.7 0.28 42821. 107, 113, 0.35 40. 1487.6 0, o.

0. 38 0,90 120,89 Bo. 19,73 119.1p. 324, 27,8 0,29 42844, 120.. 126, (.35 44, 1483.4 a. 0.

0. 0.

G40 0.00 119481 ar. 79,73 149,10 344, 27.9 0,3%L 42861, 133, 141, D.34 48, 1478.,6

¥

¢~ 15
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BEARING ALTITUDE FLT/EL.

FLT/AZ VELOCITY

MACH THRUST

 TIME  RANGE ACG. DRAG D/PRES .EYA .GALFA HWEIGHT WINDN WINDE
0.42 2,00 120.02 24, 79,73 119,10 362, 28.0. 0,32 42882, 147, 156, 0,34 52, 1474.1 0. 0.
Uedd 0.00 120.24 to1, 79 213 119,10 . 380, 28,1 0,34 42902, 16i, . 474, 0.33 57. 1469.6 0. 0.
e fadb .. 0,00, 119,95 .. Jmmn_.__un._za.bz_m_m_ LA27, 188, 0,32 61, .1465.1__ .0, 0.
C+48 0.00 120414 117, 19,73 119,18 417, 28.3. 0437 42943, 193, . 206, 0,32 65, 1460.6 0. 0.
0¢850 0,00 119:%0 425, 29,73 149.10 . AYS, 2B . 0,39 A2964, 20%.. .224,. 0.31 69, 1488.1 0. 8.
G482 0,00 149,73 134, 72,73 149,10 458, 28,5. 0,41 42984, 2268,. 243, 0.3¢0 72, 1451.7 0. 0.-
0420 0.01 115,49 329. 19,74 .119.11 623, 29.3 .0,36.. 43171, 412, 45%, _0.15 . B83. 1411.3 0, 0.
0+74 . 0,01 :.1.9143 nru 119.11 . 658, 29,5 . 0.89. 43213, 461... 511, (.15 . 76. 1402.3 0. 0.
—a78 0.0 119440 - ___154..,_ 1 694, 29,7 4325%, 8572, . .0.31 .. 65..1393.3_._ ..0. 0.
0.82 Ba01 119,39 809, 79,69 119.31.. 738, 29.% D.66. 43291, 54T, £38, 0.08 51. 13B4.4 0. .
086 0.01 118,54 5,39.._,.,19,,57 119,41, J23, 30.4..0.69 43339, 423, T04.. 0,08 32, 13715.3 A, 0.
00—99. 0.01 11&{,24 .Ql' 79 &‘ 119 i—i a’to— 30..! 04.16. 4_3_42.1;._ ull- ----- 55:1-3 0402 . 14: 135111 0. 0.
0.%6, .01 11%9:37 420, ?9 63 119,12 A74,.30.5 0,78 43444, 835, 890, 0.03 26, 13%2.6 0, a.
(.98 0.01 119.3% A37. 1%, ﬁa 119,12, . 89L, 30.8 0.B80. 43485, 905, _ 231, 0,04 . 37. 1348.1. . 0.
Wl e 00 e, 08 . 116,41 "%'MM——&WT 43486, 978, 972, g, 05. _49... 1343.8. . 0. 0.
2.17 8,97 119,18 2202, . 79,33 119,16 2169, .37,3 1,96 4A4A3, 5540, . 523%.. .4,.00. 12. 1p70.8 0. 0.
.05 0.14 1319417 4342, . 79,23 149,18 23209, 28.4. 2,92 35095, 9504, 10693, 0,00 12. B&Y.7 0. 0.
3,92 G.19 119,14 4076, . 29,18 119,19 3308, 24.6. 3,03 . A3B, .9464B. 40844, .._0.00. 8. B831.0 0. 0.
4.07 0.24 115,14 2532’.-_..19.,1,3_ 419.3¢ . X498, H,9 2,95 . 0, _A3i9, _9&04K, f.00. 7. 247.0 0. 0.
5,03 0.34 139,16 18268, ... 79,03 .119.23 3028, 8,1 2,82 D4. .1109.. 78564, ..0:00. 6. 267.0 0, 0.
8.b8. 0,43 110418, 3 : ROy 93D, G428, . _0,00... .5,. 2482.0 a. 0.
Tau? g.52 115,19 16919, 78,79. 119.29 2734, 3,9 2,80, .. Q.. 785, 8531%. 0.00 S, 267.0 0. 0.
£.03 §.60 119,21 19933, 78,67 142,32 2619, 3.5 2,52 Ny . 674, 4490, 8.00 5. 267.0 0. 0.
2.03 9.69 11%,22 z¢953, Jﬂ,_'iﬁ 119,34 2533, 3.2 .2.44 . e 879, 3794, 0.00. 4, 267.0 0. a.
1003 0,77 115.23 75%es, I8, 40 119.37 . 2446, 2.9. 2.37 De 499, . 3228, .0.00 4, 247.0 a. 0.
1108 9.85 119,24 26289, 78, 25 319,40 2329, 2.6 - 2430 - -0, 432, 2762, (,00 4, 2647.0 g. 0.
<4327 404 138,326 29455, A% 2334 D364, 2294, __.0.00 .. 3,. .262.0 A, 0.
13415 1,01 11%,27 IpR4z, . 57,20 449.-45-- 2167, 2.2 -2.49 e Dy - 3285, . 2049, g-90 3, 267.0 0. 0,
14.03 1.07 119,29 32988, .. 77,28 _118,48. 2407, 2.1 24t .. .04 ..282._ . 1282, 0.00 3., 267.0 0. 0.
19,03 1,15 119430 3alizz, 77 51 119,481 2043, 4.9 2,40 Ds. 292, 1592, G.00 2. 267.0 0. Y
16,03 1.22 119.31 I8%77. 27.3& 11,9«55 1983, 4.8 2,08. 0+ 221, 1348, 0.00 2. 267.0 0. 0.
17400 1,29 119.32 3A021. 77,19 119,36 1229, 1.7 139 .. 0. 194, 1167,. 2.00 2.4 267.0 i 0.
48,02 1+37 115,34 -ﬂt%a-----I%%—%u—----WAM-M—Z&——M. mmnes Ze 23403 o0 2.
19.0% 1,51 11%.36 aA%49, . 76 y89 118,01 4143, 43,5 d,28 _8951, . 418, _4054. .0,00 3. 191.9 0. a.
an.02 1.68 119,39 48953, Zﬁ B2 119,88 5454, AB.Q .B,B4 _ BD3i. N44, 6116, . 0.00 3. 152.9 a, 0.
21411 1,92 11%,42 Eh145E, 76,75 149,86 BB22,. 0.8. 8,01, . .488, . .422, 4829. ..0.00 2. 148.1 . 0.
22.0L 2.11 110,44 LAagEs, .7& 70- 119,68 5808,. 0.3. 4,00, . 438, . 330.. . 3776. .0,00 1. 148.0 0, 0.
24.52 2,84 115,47 42043, T4 60 118,17t 5664, 2,5 5,84 . 0,  233.. 2388, 0. 0.

--0. 0. 148.0

T



TIME RANGE BEARING ALTITUDE
24156 2.67 11%9.49 74832,
25,04 2.77 119,50 76932,
26,64 3,11 119,52 . . £5497,
27.28 3.24 £19.53 £8884,
Iy 80 3,98 119.58 1072379,
32.08 . 4,24 119,60 114707,
34,04 . 4,54 119,61 118%64,
35.92 5.04 .119,65 1329440,
do.56 | 65,17 _§19.466 136894,
37.20 5.30 148,66  13%2as,
38,48 5.56 149468 149483,
45.52 7.01 119416 178889,
46416 7.14 11%.76 184838,
47,44 7.40 11%9.78 183714,
.J40.08 _ 7,53 449,79 _ 1%p633,
23.84 8,70 119.85 216022,
55.12 8.96 119,86 221889,
B6.40 9,22 11%.87 227404,
57,68 9.48 119,89 232069,
53.96 9,73 119,%0  238RAZ.
IuadB. 12,05, 120,01 . 2BA4f99.
74,04 12,57 120.04 294852,
75.60 13,98 120406 Spddoz.
70,16 13,59 12(.09 31364q,
60.72 14,10 12¢.11 122492,
76.08 17,14 120.25 @ 37E@92.
_R8.6B4. . .17.66. 120,28 . _36hRB17.
181.26 18,15 120,30 308840,
183.76 18,64 120,32  I996061.
106.32 19,18 12(,34 aatan.
129.36 23,67 120:54 459797,
134,48 24,66 120,98 667815,
142.6¢ 22,66 120482 423831,
194.72 26,65 12({.66 485446,
149.84 27,64 120470 493061,
200.00 37.33 121,04 52%43%0.
209,05 39,37 121.,C9 gedsza,
227.05 42,54 514132,

TIVAD ¥00d d0
FOVA TVYNIOIIG

121,19

FLT/EL

76,53
76,50
16,38
76,34
76,09
75,99
75,52
75.b9

.. 15,64...120.01

75,59
75,49
74,084
74,83
74,71

24,65 120,22

74,09
73,97
73,63
73,70
73,56
. 12,22
71,89
71,54
71,19
70,81
6822

FLTzAZ

119.74
119,75
119.29
119.80
119.88
119.91
119.93
120.00

120,08
120.06
120.21
120.23
120,28

120,89
l2p.42
120.44
120.47
iz0,%0
l2p, 73
120,79
120.84
120.89
120,94
tai.22

67,73, 121,37

67,19
66,64
66,06
59, 28
57,26
94,248
52,40
49,48
=5,686

-13,10

-§5.ﬁﬂ

121,31
121,34
121.40
121,78
121.8%
121.93.
122,00
122,07
122,64
122.71
122.8%

VELOCITY .ACC MacH THRUST DRAG D/PRES ETA
5586, 2.1 5.74 0. 173, 175%, 0.
5554, 2,0 5.69 0. 151. 1533, a,
8482, , 1.6 ..5.57 .. Qe .-28.. .. .0282, __.0.
5430, 1.5 65,52 0. 83 B26&, 0.
2279, 1.2 5.29 0 33 330, 0.
232, 1.1.. 5,18 0 24, 237, 0.
5196, 1.1 5.10 0. 19, 186, 8.
g100, 1.0 4,89 0 10, 93, 0.

o N 4,84 Qe P B, 0. .
5059, 4.0 4.80 0, 74 0. 0,
sniﬂo 1‘0 4;71 U:. 6' 53' u\"
4798; 1;0 .4'47 D‘. 10 13' 04.
4778, t,0 4,46 0 1. A2, 0,
47368, 1.0 4.46 (11 1, %y . Q,
4719, 4.0 4,45 el 4L 8, 0, .
4943, ¢,0 4.50 04 0, 3, 0.
4504, 1.0 4,53 11 0. 24 0.
4466, .0 4,55 B .. 0. 2 0.
4427, 41,0 4,58 Oy I 1, 139
4388, 1.0 4,64 Qs 0 L 0.

- -4pdd . 4,0 4,57, . 0, 0. By, Ba.
3967, 1.0 4.49 [ O a. 0.
3894, L.0 4,49 b 0. 0. ..0.
3848, 1.0 4,49 Uy. 0. 0. 0.
3745, 4.0 4,49 Le. 0. 0. .0,
3292, 1.0 4,49 (1Y Qs 0, t.
2238, 4.0 4,49 fly . n, 0.,.
3145. 1;0 4149 I].. ﬂ: ul 0-
3072' 1.0 4'49 n, nl U! nl
3000, 1.0 4.49 O 0. L[S 0.
2367, L1.,0 4,49 0y 0. -0y 2.
2233, 1.0 4,49 01 Qs 8, 0.
2102, 1.0 4.49_ . N | EPR N | O » IS DU
1976, 1.0 4,49 0y 04 Oy 0.
1854, 4,0 4.49 Q0 ') 0, 0.
1207. 0.9 4,49 1. 0. 0. B.
1264, 0.9 4,49 0 his -, Q.
152&- 019 4149 0! Ol 0 0-

C— 117

QALFA NEIGHT
0. 148.0
0. 148.,0
0. . 148.0
0. 148.0
0. 148.0
0. 148.0
Q. 148.0
0. 148.0

. - n! m.&n
n. 148.0
0. 148.0
0. 14B.0
0. 148.0
0. _148.0
e 348.0
0. 148,10
0, 148.0
0. 148,0
0. 148,10
0. 148.0
ﬂ-. . --.i!_B..I.ﬂ
0. 148,10
0. 148.0
0. 148.0
0. 148.0
0. 148.0
lae.—148.0
0. 148,10
0. 148.0
d- 158‘0
0. 148.0
B. 148,0

.. B.—._148.0
0. 148.0
Q. 148.0
0. 14B8.0
0. 148.0

148.0

WINDN

0.

0.

g.

WINDE

(= =N=N—-N-R=N-E=-=]
L I P T )

L

POoOooOoD
* a e+ o -

[~ N =3 =]
- o+ .

-

(=]
-



-

AIME RANGE BEARING_AUTITUDE FLT/EL FLT/AZ \VELDCITY ACC MACH THRUST  ORAG D/PRES  EYA  OALFA WEIGHT WINDN NINDE _. .

263,05 49,53 121,87 _ 452318, 59,25 423,02 2373, 1.0 4,49 0y g. 0: 0. T, 148.0 0. ..
365,05 70,03 121.67 ._ 89218, 76,26 122,89 1289, 0.5 5,38 Gy 78, Tie 0 o, 148.9 0. .
367.05. . 20,44 124,67 78919. 76,40 .L22.8B. .. .3307,..0.2.5.43 . _0., __128. 1272. . 0.. . 0. 148.9 -
368,05 20.64 121,67 78759, 76,48 122,87 5307, 0,3 5.49 0, 164, 1632, O, 0, 148.0 0.
369.05 70,84 121,67 68802, 76,55 422,87 5297, 0.5 5,46 0 240, 2091, 0, 0, 148.0 0.
37¢.5% 71,15 121,67 ofi95, o76,65 122,86 5262. 1,1 5,44 0, 301, 2992+ 0. D, 148.0 0,
371.0% 71,25 121,67 58840, 26,69 122,86 5292, 1.8 5.42 0, 338, 3356, 0, 0, :48.0 0.
372,00, 71,44 121,68 “H244. 76,76 122,89 5194. 1.9 5,34 0., 424, 4195, 0. 0. 148.0 0.
373,05 71,64 121,68 . 4Ag4n. ol6,63 122,84 & 9149, 2.8 5,29 . . _0j. 527, P L0 14840 0.
374,05  71.82 121,68 48399, 76,91 122.84 5023, 3.4 5.19 0. 647, 6327. 0. 0. 148.0 0.
375,05 72,01 121.68 38454, 76,98 122,83 4899, 4,3 5,06 o+ 782, 7887, 0, o0, 148.0 0.
376:.05 72,19 121,68 33963, «77,06 L22.42 4745, %.2 4.85 0. _%20. 8713, 0. p. 148.0 0.
377,05 72,34 124,68 29224, 77,14 122,82 4563, 6.1 4,97 0¢ 31044, 9539, 0, g, 148.0 0.
378.05 72,52 124,68 24874, #77,22 122.81 4355, 8.8 4,28 0. 1152, 10157, 0. 0. 148.0 0.
AT9.008 .. 22,67 121488 . _p8Z34. 17,34 422,80 .. 4426, 7.4 3.99° 0, 1234, 10823, .0, ~Ba. 148.0 0,
380,95 72,82 121,68 18828, w77,40 122,80 3881, 7.8 3,70 g. 4304. 10612, 0. B, 148.0 0,
381,05 72,95 121,68 13184, 77,50 122.29 3629, B.1. 3,40 0. 1338, 10430, 0. 0., 148.0 0.
382,05 73.08 121,68 9752, 77,60 422,78 3365, B.l. 3412 Oy 4337 1004%. 0. 0, 148.¢ 0.
383,01 73,19 121,68 f684, w77,71 122,18 3115, B.0 2.86 0+ 1322, 9442, 0, 0, 148.9 0.
$84,01 73,29 121,68 A6%, =77,83 122.77 2883, 7.1 2,40 0¢ 1287, 8711. 0. D, 148.0 0.
385.01. - -73.3% 124,62, . 4BRYS...al7,97 122,77 .. 26212 K L2a360 o0y 1288, . 7906, 0. 0. 148,0 0, —

BoOSoOo000
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EL TIME . AT — RANGE . . TIME_ . ALT RANGE VEL . FELTZEL. . FLT/AZ TIME RANGE AL
{DEG} {SEC) (FT} (NM) (SEC) (ET) (MM} (FT/5€Ec) {DEG} {DEG) (5EC? (NMY (DEG) . .
W@

22,00 60165, 2.1  5808,3¢ 76,70 119,68 385, 44 73.4  121.69

80,00 196,05 525976y 3846

THiS CONCLUDES THE CALCULATION, .. . ] o R
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APPENDIX D

CONTROL CARDS

Deck set up with object program on tape,

1 8 16

3 IDENT 153202, SENS-5D
4 EXECUTE DUMP

4 LIMITS 100, 30K, ,5K

g TAPE, R%, X1D,,

g FILE 02, X2R, 5L — 7
2 FILE 03, X3rR, 5L

2 DATA 05

g - INCODE IBMF

Input data with NAMELIST Format:

& DATA 0l

2z INCODE IBMF

Input data with FORMAT (V) Format
g ENDJOB

***EQF



'8
IDENT
OPTION

TR -

Object Deck

EXECUTE
LIMITS
FILE
FILE
DATA
INCODE

LT TR TR 8], TR

Deck set-up with‘object program on cards.

16
153202, SENS-5D
FORTRAN

DUMP

100, 30K,, 5K
02, X2R, 5L
03, X3R, 5L
05

IBMF

Input Data with NAMELIST Format

g DATA
g INCODE

0L .
IBMF

Input Data with FORMAT(V) Format

g ENDJOB

x%%xEQPF
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SOURCE PROGRAM



RIITVAY 4004 a0

£ IOV VNI

93302 01 1129275 18,109

WD ] O UL GO

oy
=

CHMAIN

Conao SENERSD #asubtastiaisspiaRst s sattnsdtat sttt eat®nanntezasantnonphecann
c AUTHORS == B{ P, SINGH AND R, Cook;

DATE == JUNE 23, 1975 .-

* THIS PROGBAM GCALCULATES THE FOLLOWING ww

£ 9]
(2)
¢3)

# THE
(1)

(2}

SUMMABY AT BURNgOUY, APQOGEE, AND IMPACT In 1BAlt,
F(I) AND DF(Z} CURVES IN 'FIQURy:, .
UNIT=HIND BFFEEY,CORTIOLIS DEFLN AND RANGE DERIV IN pEFFECY?,

FOLLOWING UNYITS ARE ADOPTED =--

INPUT/DUTPUT @« FOOTwPOUND-SECOND-DEGREE,
EXCEPYION wc SURFAGE RANGE 1N NAUTICAL MILES (NNM),
CALCULATIONAL STEPS == FOOT=-PQUND=-SECOND-RADIAN,

# LIND PROFILE wwmugp e e e e
ti) NORTHeTO=SOUTH PR EAST-TOLWEST DIRECTION [S POSITIVE,

(2)
3

* THE
(1)
(2)
(3
(4}
{52
(6)

¢ THE
(1)
2
(¥}

c

c

C

c

c

C

c

C

c

c

c

¢

c

£

[

c

C

¢

c

c (4}
C

C

c

C

C

c

c

c

¢

c

¢

&

¢

c

C

c

c (4)
c
€

NO WIND MEANS ND WEWD FIELD AT ALL.

CONSTANT WIND MEANS ONE “InND ELELD FROM GROUND YO SOME
ALTITUDE, PARAMETERS USED ARE {HIND,WNAZ,ALOW,AHIGH),
DENOTING WIND SPEED, NOBTH AZIMUTHy MINIMUM ALYITUDE,
AND MAXIMUM ALTITUDE RESPECTYIVELY, _ . ... . .. -
VARIABLE WIND MEANS WIND VELOCIYY VARIES WITH ALT]TUDE,
PARAMETERS USED ARE (NLEV ALTWISPEED;DIR), DENOTING
NUMBER OF ALTIYUDES. ALTITUDES, SPEED,; AND NORTH

AZIMUTH MEASURBD CLOCKWISE,

FOLLOWING ARE YHE LIMITS FOR ENTRIES e=
20 pAY PAYLOADS,

63 ELEVAY]ON ANGLES: i

30 THEUSTING AND GOASTING FHASES,

20 SPENT STABES,

29 ENTRIES IN THRUST AND MapH TaBLESY
99 WIND ALYITUDES,

FOLLOWING TAPES OR FILES ARE DESIGNATED e~
ITAPEY (ALMAYS a%) IS USED FOR READING DATA IN NAMELISTS,
ITAPE2 IS USED FOR READING VEHICLE THRUST=MACH YABLES,
ITAPE3 IS USED {INTERNAL) HRITING AND READING THRUST TABLES,
ITAPEY IS USED {INTERNAL} FoR SPENT STAGES,

T T T L T T L LI Ly T TN T P T ey P Y Y Y Y Y Ty YT YY)

LABEL MAIN PAGE
MATHN

1



53302 01 11-2%c75

43
44
45
16
a7
48
49
30
51
iz
33
54
55
56
57
58
39
40
61
62
63
64
85
66
67
68
69
70
71
72
73
74
75
76
77
78

Canny

16,109

INTEGER RKSTEP
INTEGER ORDER

LASEL MAIN PAGE

REAL LATL,LANGL,LATLONG _ ..
REAL MASS,MPROB, MPL +HDOT+MACH, TEALLEM IV Y
REAL IPT 1PAL:IPR

REAL HSEP

DOUBLE PRECI¥1ON DRS;DPC .
CWARACYER NAMEw8S,LEF¥»6L,RIGHTiD

niMENBEION SPEED(i00)iDIRVLBO}

cOMMON/STORDY/
COMMON/SYORDL/
COMMON/STOROR/

[} - -
COMMON/SYORDS/
COMMON/STORDA/
]

[]

COMMON/STORDS/
COMMON/STORQE/
COMMOR/STORDY?/

' COMMON/STORER/
_COMHON/STORO9/

¥
coaMMDN/STORLD/

[}

'CBHMDN/STcﬂill

! COMMON/S TORYR/
COMMON/STORLS,

' COMMON/STORLN/
COMMON/STORST/

ZERD,ONE,PLI;API HPILTPI.CP(9)

o, G!.OHEGA GM;RE,ROLESQ, HSnI2ESQL

pREsu nENsurTEth.sﬂUNno,:RESB¢9)§TEHFQC9).
HALYB19)Y, TSLOPELY) BONST, PRESTDENS + TEMP. SOUND
X0,%0320, R, RXYFALT,SRAHLIA
GDLKTL.LA'LnLU&GL.THETAL.FHéLoGDLAT LAT,LONG, YHETA,
P:I GAMAL oPSIL, GAHA.P sELG LaAIGDL.ELGDrAZGBrEL.
YN 1TY

V;(i%;VA(3);VELrAUc.VELIMrVLIH

RYTI e -
TeDT;THP4.DYLA}DTAT, T80,RKSTET ,EPBIG,BATINY,
nnzﬁ,nMAx.KsrePaNGo
St;a!.r114,5).Dﬂst14’;nﬁcn14)'Enwtiqr shes, 208
MASSyMPROP HPL,su!uesa|.nbot.?Hn.nAcH.cA.An LI
SLQPE.GHP.LﬂG,LGP,I?!:SV i :

HE HN.HLASTLH!__,HNKZ£AL0W,AHIGHLNLEV1ALEVtiﬂp5,
ALTH(!OD).VILEéiﬁ FavELN{T0D)

KPREY; HPREY ; MPREY APREV.LﬁREv'14:.VPnEve:4).
oansnt14: ’ )
anxx NSMAX) NPE:N ANGy MVAR.NP.NPi.JerNY.JS gsc
AFTSaRAZ, APA, ABRGEOT,ROA, BOR, Yo VL +BOEL: , BOAZS 1RY,

IBAY, .
ITA%E&;ITAPEE 1TAPES, TTAPEA, IPRINT, TPITNCH, INDEX
NAMEiARnAV(auoi

COMMON NPST HSEPoNSPoNM(14),KSP(20),MMASS, T30, YAN(317ANG(62),B(4),
s PLMtzu)rPH1eszn.Tseptszi.MsEP(32)-TSP1zn).SPM|201.A(O’.za:

EQUIVALENCE lABRAYILS, SPEEbctil.{iﬁﬁhviiﬁiffﬁrﬁiiif -



93302 01

£5
86
&7
aa
&9

123
124
125
126

1129375

c
>

48,109 LABEL MAIN

Cowns VALUES OF CONSYABYS,

DATA ZERO,ONE/ 1,0EriS, 1,0E¢00/ S
DATA PL.OPT;MP1,Tpl7 3,141502655 7,853981646~01, 1:57079633,
6,28318531/

'nnTA ESQrESQ1,HSHI/ 669342100803, 7,93306579B-01, 1,008738%3,

t

Conus

Cuwnn

DATA GO,OMEGA,GMeREXRQ/ 327174, 7.,29211E%05, 1.4076576E+16,
2,08905780E+(7y 2,09257410E+07/ _
DATA CF/ 57,395779%13 1.7433292%E«02: 6,07644550E¢03,
1.,84578833Ew04, 3,108099708~02, 0.5948, 3,27083990,
1,852 5,39986804E-GL/

' N ] .
DATA NPHAX,;NEMAXNVARY 30, 20, 99/

DATA DUMMY/ 99999, D/

U, 5, 1962 STANDARD ATHQOSPMERIC TABLE,
DATA CONST/34,463194Hp3/ L .
DATA PRES(Q/2116,3/7DENSD/2,3769En~3/, TENPG/288,15/,S0UNDD/1118,45/

DATA PRESB/ 1,0,2,235381E175,403288-2,8,36663E-3+1,09455E:3,

5,82289E=4,1,79748E~451 02416151, 6223E%6/

DATA TEMPB/ 288,15i814,6%,216,65,028,65,276,5557270.6%,252,45»
180,455100,85( . .- . - .

DATA HALYB/ 0,0,11,0E43,20,0E«3:32i0F43,47 0E«3,532,0543,51,0E43,
79,0E43,89,7456¢3/ ) o

DATA TSLOPE/ =6 ,%E~330,041,08m342,8E3,0.0,~2,0E*34~4,0E83,0400,/

DEFAULY YALUES OF SOME [NPUT DATA,

DATA GDLATL/37,8480/% LONGL/w?%,47367 . .

DATA TZERO/O/F AZBRAs0./, VEERD/D,.7

DATA ITAPEL;1TAPB27ITAPES,1TARG4, %, 1, 2, 3/

DATA DTLA/D,01/, DYAL/L,007, DMIN/D, 0002/, DHAX/20,0/

DATA EPTINYZD,00014, EPBIG/D,00L/

DATA VOLIM/DGL/, VLIMZ40,04y HLIW/20,0/

DATA ERH/ 1401,0/

DATA 1PUNCH / 0/

DATA ORDER/ 14ei/

DATA JSPENT/D/ ) .

DATA WIND/26,0/, WNAZ(0,/» ALDM/0./) AHIGH7100000,07 . .

DATA NLEV/12/+ ALEV/D,,50,7100,4200,3500,,1000,,2000;,3000,.5000,,
10000, ¢50000, 7390400000,/

PAGE



$3302 01 11e2%:75  &A&,1090

VIERQ; IYAREL, ITAPE2,
MINeDHAX,EPTINY,EPBIG,

nPL.Pun.nzsuLiNAQeagNs.ugng."NAZ.ALDN,AHIGH.
r

#IROTYIPRINY, JSPENY .
WPL;426DL,ELGDL GWINDRWNAZ, NLEY, ALEV, TROT, IPRINT
;ND.ALOHcAHIGH.Iﬂof,IPRINT

127 - ¢

128 Beswns NAMELISTS

139 NAMEL JST/DL1%TY ?ngazg.L$§§E:T§5205A¥E?GB

130 N 1TARB3, | TAPEA,DTLALDTA

194 ) BrRW; YoL 1M, VL Ity WL 1™, ORDER, 1PUNCH

132 NAMELIST/BLIST, A

133 ' NLEVIALTH, SPEEDF1

134 NAMELIST/FLIST/

135 NAMELIST/ZULISTH WPL;aZaDL /NANG, ANG ;W

136 ¢

137 ¢

138 Covesn INITIALIZE THE PROGRAN,

139 PRINT 1000

140 SAVEW o WIND

141 SAVEA = UNAZ

142 LEVEL = NLEVY -

143 SAVEL = ALOW

144 SAVEH & AHIGH

145 READ(ITAPEL,DLESY)

146 1 e

147 READ(ITAPELBLIST)

148 IFLIPRINTLER.2Y 122 . .
149 READ(ITAPEL,FLEIST)

150 IF(IPRINY.ER, 25 122

151 READ(ITARELLULISY)

1%2 IF(IPRINY, ER%2Y !s2

193 IPRINT = |

1%4 PRINT 1001 .

135 CALL LIST(ITAPEL}

1%¢ PRINT 1082

157 CALL LIST(ITAPEZ)

198 GOLATL = GDLATLeBF{2Y

1%9. LONGL = LONBLeSFeZ}

160 TAVEL) = TZERO

161 TAV{2) = AZERO

162 TAV{Z) = VZERQ

163 CalLl RDAYA

144 NCON » 514

165 CALL SETIV

146 DECBPE {HAME 1003) LEFPT,RIGHY R

167 IF(IPUNGH,NE; 0} BUNCH 10805 LEFY

168 e

LABEL MAINT

PAGE


http:IF.IP6INT.ED.21

d00d 40
JdVNIOIYO0

Rirtvnd

&1 ZDVq

93302 01 11w25:75

169
170
171
172
173
174
175
176
177
178
179
180
161
182
183
184
145
186
187
188
149
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

Cosan

110

120
130

131
140

150

160

Cogen
200

48,109

SUMMARY AT BURK-OUY, APOGEE, AND IMPACT,
IROT # 1

NLEV & 0

MLABY = 0

WIND ® 0.0

WNAZ2 ® SAVEA
ALoOW B SAVEL

AMIGH = SAVEH
IPRINT = 0

AZGDL * DUMHY
READ(ITAPEL,BLIST) .
IF(ABS{AZGDLoDUMMY} ,LT, 1,DE=03) GO TO 200
IF¢WINDY 11031205110

MLABY & 3

WNAZ = WNAZeDF 2}

CALL WCOQONST

Gb TO 140

IFeNLEV) 200,140.130

MLAST = NLEV

DO %31 Isi,HLAST

WAZ = DIR(IMaCFP(2)

WAZ & AMOD(WAZ+PI,TPL)
VELE(I) = SPEED(1)#SINIWAZ}
VELN(I} = SPEED(1)#E0S{WAZ}
CONTINUE

DO 4150 Jsi,NPL

PLMEJY = PLMEJIREFES)
CONTINUE

AZGDL = AZGDLeCF 2}

DO 260 Jzi.NANG

ANG{J) = ANG{JIwEFE2}
COMTINUE

CALL BAICIRQDT)

1END = NSP

IF{JSPENT ,EQ, 0) 43 7v0 200
IFCIPRINT,ER;2) IPRINTa1
CALL SPENTC(IROT)

IEND = 0

F¢z) AND DFCZ)} CURWES)
CONTINUE
IROT = 0

LAREL MalN

PAGE
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214
212
213
214
215
216
217
218
219
220
221

- 222
223
224
225
226
227
228
229
230
23
232
233
234
235
236
237
238
239
2490
241
242
243
244
245
246
247
248
249
'2%0
251
282

11429275

gllﬂi
LT}

18,109

NLEY » LEVEL

WIND = SAVEW

WRAZ & SAVEA

YPRINT = 0 i N
AZGBL & DUMMY

REAPLITAPELIFLIST)

1F (ABS(AZGDLwDOMMY] (LT, 1, neuusn 40 1O 30D

MPL ® WPLeCF}5)

AZGDL = AZGOLeCFe2]

ELGDL = ELGDL#EF$2] o ] Lt
WRAZ ® WNAZeBFR2)

MLAET = 3

CALL FZCURVEIROTY

1END & NBP

TOWER TILT, UNTTWIND EFFECTYS, AND cORIOLIS DEFLECTIONT _

CONTINUE ,

1ROT = 0

WIND s SAVEW,

ALOW & SAVEL

ANIGH = SAVEM

IPRINT # 0 ) )
A2GBL = DByuMH®

REAP(ITAPELyULISY) .
IF(ABS{AZGDLeDUMMY} ,LT, 1,0Es05) do TO 40f
MRL = WPL#CF (S}

AFGBL w AZGDLsCFY2)

DO 340 Jel,NANG

310

Cuduy
400

410
420

ANG{J) x ANGRJIeBFie)d . C e

CONTINUE

MLABY = 3

CALL EFFECTEIRBT)
IENB s NSP

IF(IEND (EO, 0} 80 TD 420
no- 430 Jel.NEP

READ(ITARES) BA3)

READ{ITARES) MAx-:ltl.4a.l:1.MAX)

25A9{372953’ HAX@(X1309)elmigMANY . _.
READ(ITAPE3 JENDaA6O;ERRRASD)

LABEL MAIN
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£

233
294
295
236
237
298
299
260
261
242
263
264
265
266

11w25:75

€

450

460
300

iQo0
1001
ipp2
1003
ig20
1030
1050

18,109

PRINT 1020
Ga To 500

PRINT 1050
CONTINUE

FORMAT[1H1,48H SENSe5D CALCULATIONS BEGIN avwec-wwnesvdmmwc—mw=, /)
FORMATL/£/7,21H INPUT DATA SET NO, 1,//)

FORMAT{1M1,21H [NPUT DATA SET No, 2,773

FORMAT{AB1,419}

FORMATS /47,334 END-OF=FILE NOT Foudp oN_ITAPEJ.)

FORMAT(19HSENS=5D TABLES FOR pA61)

FORMAT(/£#/,338H THIS CONCLUBES THE GALCULATION,)

STOP

END

LABEL MAIN
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LABEL APCAL

SUBROUTINE ARCAL

CALBULCATION AT
INTEGER RKSTEP

THE AMOGEE POINT,

REAL LATL,LONGL,LAT,LONG»I1PT.IPAZ,IPR
DOUBLE PRECISION DRS;DPC

COMMOR/STOROL/
COMMOR/SYOROS/
COMMDR/STORO &/

COMMON/STOREY/

COMMON/STOROS/
COMMON/STORLS/

RATIO = RE/R

X8 % RATIO#8¢1)
Y§ = RAT!OeSt2}
Z5 = RATIOeE 3

GO,8N,OMEGAYGM,RE, NG, ESQ, B5014E301
X0,Y0720,R,RXY,ALT,SReHLIH )
GDLATL;LATLFLD&GL.TRETAL,PH!LaGDLAT.LAT]LDNG.THETA;
PHIFBAHAL#PSIL,,GAMA(PST,ELGDL Y AZGDL,ELGD,AZGD,EL,
AL,SRAZ .
TeDT;TNPLLDTLA,NTAT,TBO,RKSTEP ,EPB16G,EPTINY,
DMINZDMAX+KSTEP:NEQOD i

SULAY P (14:5)4DPSC44)aDPCYL4¢ERWIL4)TSP (4,20}
APT,APAZ, APA,APRLBOT,B04,B0OR,BOVL,BOEL ,BOKZ, 1PT,
1PAZ. IPR

CALL AZRAN(XNS,YS4728,7)

APT = 1

APA v ALY
APR £ SR
APAT = SHAZ
RETURN

END
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43
44
45
16
47
48
49
%0
51

. 32

.

-

’

18,120

ARL & LAY

ARE = LAYL

AR3 = LONG o LONBL
DG » DCOS(ARY)

DE n DGeDSINLARS)

DF = DCOS{ARZ)#DIINCARL) = DGODS}N&AﬁziiﬂcnS!AR3}

SRAZ = DATAHZ(DE#DF)

IF(BRAZ,LT,0:) SRAYZRBRAZ#TR]

RETURN
END

P T,
.y

LABEL AZRAN

PAGE =~ 2
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o

[COHMDR/STOROA/ GDLATL LATL;LUNGL s THE

16,122

SUBRQUTINE BAlblRgT)
_CALBULAYIONS FOR aunnquuv. APOGEE AND IMBAET,

INTEGER HKSYEP

RBAL LATL,LBNGL,LAY)LONGSMASS MPROP MR ,AOOT+HACH, LEE,LCF, 1¥ . IPT,

IPAY, IPR+MSEP

DOUBLE PREC1%IoN DEB,DPC

CHARACTER NaHE#B0

EXTERNAL soL73b,%oLvS%D

DIMENSTON SAVEY}61,15) e e e e e

COMMON/STORGS/ zenn.oue.Pr (0PI HET 4 TPILCF DT ’

cOuMoN/SYORDL/ GB,BN, OMERA, GH,RE,RE,BSD, Bsn:-Esuz

COMMON/SYORDY/ X8, ?n.za R.R!v ALT, !R* .
éLg LeGDLAT, LAY LDNGbTHETAn

PH!"IkHALoP L GAMAS PSI. L+A2GBL, a 1 AZGOEL,

' COMMON/STORQS/ vvggi IVA(S I pVEL ) ACCSVILTHYVL TR —° . m———

]
COMMON/STOROY/ TaDY; TNPioDTLA.DTAIzTEO RESYEM,EPBIG, Eh?!NY.
MIN.QHAX;KSTEP:NGUU

L COMMON/ZSTOROB/ SC1433F(14+%),0PS(s4)sDPCYLA) ¢ERWE14)7EP(6,20)
COMMON/STORG?/ MASS HRROP, MPL;SUBME32) sMDOT, THR» HACH; CA L AD .03,

SLOPE;GMPeLCALLEP, TXYiSY

' CoMMON/STORAD/ WE,WNIHLASTY wxNn.wnxz.ALﬁﬁznHiﬁﬁiitEVIALEvt10€!,

ALTNI100}0V‘L5t100)sVELN(SDB)

1
COMMOR/STORLRT/ NEMARGNSMAXTNPL »NANG, NVAR!NP,NP1|JSPENY&J5 JSE.NcoN

COMMON/STORL S/ AET;Araz.APA,A R.eoT,B04,BOR,B0VL,BOEL,BOAZ, IR
g
couuoN/svgnznf 1TAPE;,1IAPE2,1?AEE3,ITAEﬂ411!_lNT.IPUﬂCH,JNnEK
COMMON/STORYP/ NAMEFARRAY (8
COMMOR NPSTINSEPoNSPoNH(14IaKSPtza!oRHASS.TSD YAN(3) JANG{6L sBCA)
PLMEZD), PHTtszl.TBEPCEZI,HSBP(BE)vTSPian)oSPH!EU)aA!9?o14)

"EOUIVALENCE CARRAYDL) SAVE(L,1))

SAVED = QMEG W
IF¢IROT,EQ, 08 OMBGNS{|DEwLD

Do 700 tPaishRL

MPL & PLM{IP}

PRINT 1000

PRINT 1010, NAME.H:L-nu.EiuDL~CFt11
IF!NLQST (EQ% §) PRINY 1013 e o e e g e ——— - .
IF (KCAST .EQ: 3) PRINY £01i2,; HIND,UNAZACTF(T)sALOW ) AHIGH

IF(NLEVY ,GT, 0} PRINT 1023

LABEL BaAt PAGE
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43
44
45
46
47
48
49
50
31
52
gi_
4
55
96
a7
58
59

200

215
220

225

245
250

sa20

525
850

380

390

400

187122

IF(IROT,EQ, D} FRINT £014

IF{IROT ,NE, 0} PRINT %045

DO 500 1Az1 NARG

ELGBL = ANGRTIA} ey
IF ¢IPRINT,NE;0} PRINT 1016, ELGDL&BF{i}

BEGIN SeD CALCULATIONS
NGON & §

CALL sgrlv T 07 NCoNaZ

IF¢(MLAST .G, 0) NEONEZ, [
CALL RK4!14|§UtV3U5%Wﬁﬁx ]
CALL PCH(14,¥0LV9%D}

IF{T=T3D} 240,24%,245%

CALL APSYEP1S20045320)

CALL RK4114450LY3D}

CALL ARSYEPY$230,5285).. . . . ..
IF(ABS{VT(3}} ,GY, vLIM) GO To 229
GO TQ 350

BEGIN 3=D CALCULATIONS

KSTEP = &

CALL PCM{6,§DLY3D) . .
CALL APSTEPL5280,5320)

CALL RK41(6,8DLV3D) .

CALL APSTEP{S3204552%)

IF(ABSIVY(3Y) LGT, YLIM) GO TO 320

CALL APCAL

RKSTER ¢ 3 ) -
DT = AMAXL(DY.DTRI

KSTEP = 2

CALL RKACGH,BALYSID)

CALL PCMt6, SOLV3ID)

CALL IPSTEP¢5380.53751

CALL RK4{6,BOLYID) - .
IFCALT, LY HLTMY &0 TH 400
CALL IPSTEP{$390s83¥0G)

CALL IPCAL

SAVE{IA,01) n ANB(TAINCFYL)

SAVE{IA,02) F APY N . D e
SAVE(]A¢03) & APA

SAVE(IA,04) » APReEF(4}

LABEL BAY

PAGE
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85
1]
87

2e -
89

70
¥4
92
93

111
112

114

115
116
117
118
119
120
181
122
123
124
128
126

SAVE(1A,05) » BOY - - .
SAVE(1A.,06} % aog
SAVE(1A,07) » B EFy4)
iuguﬂﬂngﬁﬂh_. - . e e e e e e e e
EAVELIAG09) v TOBLETF(L)
SAVE(1A,40) » BoAZeDR(1) .
SAVE(lAe11) » 1PT
- SAVE(IA42) » IPBaRFI4) . . .-
SAVE(IAL13) & !Ptzsuru: .

IF(JSRENT.ERSD ,HR. NG&P.EQ,0) GO YO 400
DR %00 18-1 Nsp - .. .
READ(ITAPE3) B3} } - —
READ(ITAREZ) MAXetA({s4)slaloMAX) ; - ]
REAB(ITAREI) MAX&tAU(1731al%1oHAX) - . - .
" WRITELITAPEMN! \rq!nnl.spnnsna(ai e e e
WRITECITAPES] MAN, ERCE 42 Ty iHAN) | . ) —— . - -
WRITECITAPEN ] "MAK, EACT 50 s I8 yMAX) .. e e ]
WRITECITAPEN} bsE(t.Is) 125, 8} .
900 CDNTINUE ; ..
800 CONTIRVE ) . - - s
IF(IPAINY, Nl4nlea1ur,xnn: e : _ . .
PRINT 020 L o e elel
DO 510 [AniyNANG. ) . - e
PRINT 1030, ts&vale.l!,lllalal -
10 GONTINVE -" e e }
Ir(1PUNCH ,ER, 0) AQ. Yo 7080 .
PUNEH 1090, NARGo¢YA® {lA:3)elAsa HaNG) - —— e .
PUNBH 3091, cssv!t; i :;.la-:;NANnI . . .

PUNEH 1092, $SAvE(R, 09 elhng, NANG ]
PUNGH 1093, MSAVE(TAZON)elA®4iNANG. )

700 CONTIRUE " I -
CHEGA = SAVHD . —— . .

1000 FORMAT{LM1,20HHANA WALLOFS FLIONY B
JGINIAP//rSOH TRAVEETHRY SUMMARY AY.
1001 FORMAT(3HL) oo
1080 FURMAT( 134 YHHAGLE. .;_.ﬁen 1 /7$8H_
LRUbEH A 5F7.2)al DRGLs

1}11 F‘DRM

Np . -.l 4HIER e
1812 FoanaTiit "% +F EE“%H Fr7sEE?TF7T§713H“DEiFﬁEﬁTﬁ AI./.
19x25H FROMIFS.156H F To.rv 123K FT)

PAGE 3
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-BOVd TvNzng

127
138
129
130
134
132
133
134
135
136
137
138
139
140
144
142
143
144
145
146
147
148

1013 FORMAT(L3H WIND w 30RVARIABLE WIND SUPPLIED BY UBER)

1014 FORMAT(13H BXRYH 5 18MNON~ROTATING MODEL)

1045 FORMAT(13H BEXRTH & »14HROTATIRG HODEL)

1066 FORMAT(LHL,SEHDEYATLED PRINTwOUT oF TRAJEGTORY Fow‘giuﬂcu ELEvaTED

‘N =F7,2,4H DES, 7,540 UNITS ARE FUP<S.DEGREE, FY AANGE(NMI "ARD

v ACCRDY. . 22 s
1020 FORKATE/Z/Z/,88%X524Hk P 0 & E  E.33%,2%40 0 R N 0
u Ti23K221H| M P A € Tite §1“ aar1uon.51.5agiuoi.5x.
125 (AHR) o/, 2 Ks2MEL ,BX AHTEME, 8X ) 3HA 1;7 NGE, SXedHYTHE ;8K 3HALT
137X+ SHRANGE Y §X, SHVEL 45X, HFLT/EL,3 -GHPL?/32|7i.UHY!HE-ER.SHBlNGEg
158 AHAZL /1 R75H(DER) , 6 X, PHISRCT o TR AHCF T) /6 XS 4N {NHT, TRaBH(SERT, 7%

LI AR 4H}NH)o4ﬂvQH(FT/8EGi 4%,3H{DEG], 4x65H(DEG)a$ﬁ.!Ht5Ec).
yS%, AHCNMY B 35W (DER )Y, £ o

1934 Fgan;résa 2;;13.2 P:z o F9.1-F12 peF12,0vF9, 1, Fi1,2/F0R1F10. 2,
2,24F9; )
1090'r03§n[t3@!' l.ggH !;evar;ous LDEG) FOR [MPACY RARGE, §=0 FLYsE[ AN
+D AROGEE A ! i al%x.Fs 2Ih
1091 FORBAT(r IMPRE R&N N NHbeZa(FPi278 (1R, F71230}

1092 FORMATI t8ad FLY/BL IN DEM'7/4tR7, n.s(:x.F? 25}
1093 FORMAT('APOGME ALTITUBE N FTV,/.(Fv.o.blix.Pé‘obl)

RATURN - -
END .- . e e e -

LABEL

BAl

PAGE 4
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SUBROUTINE BOCAL

CALEUEATION AT BURNenUT POINTY,

INTEGER HySYPP .

REAL IPT{IPAY,1PR_

DOUBLE PRECT¥ION DBS,0PCeARLeARZ ~

cOMMON/STOROD/ ZERB;ONE,PIFQPT, HATLT I%L o

COMMON/SYORDE/ QQ.ERQOMEGAIGH‘RE:RQ! S I+EHGY .
COMMON/STORDS/ X0,Y0 R0, R REY, ALY, SR4H i

COMMON/SYOROD/ uin.uumnmmm__“_m_-__--_m i — e
COMMGN/STOROS/ BYT LG

_COMMON/STORGY/ T.gY,ani,DTLA;D?Ajifao.RKSTEF.EFB;G ep¥INY,

pHIN; OHAXIKSTED NaOOD

CDMMQN/SIORﬂl/ SE&'!:[(14;51rDP51141aDPQ‘iil ERW(i417RE (8,200
,GOMMON/STORLO/ HS:WHAHLAsT!N!ﬁno!ﬂll;ALQ_JﬂﬁwﬁﬂLFLEVAALEV(100’a
cnuHoN/sTORu a TIAPAZ, APK,_Aéi,Eo#.EoA,E E.BDVLoBOEL BOAZ,1PT,
N IHAZ, 1PR

SIeS L4 +OMEGA*R(2)

se:s:!l-nneqlos:aa

VTid) = RTITL)aSh

VT(R) = RTI1#) w5y

VT(3) = RTILY)»S8

BOT = T

BOA = ALY

S1 & VT(i)ew? & YTiR)pe2
BOVL & SQRTISL » yY(3jaal)

ARLA=YT(I) ’ - TTTTTTT T TTrTmomm e m e ST

AR2aSQRTESL)

BOEL * DATAN{ARL/ZARE) -

ARLRYTIZY ' - . '
ARZayTIL) e
BOAZBDATAN2 LARL AR 2 e ————— e
IF(BOAZ,LT,07) BEAXRBOAZATE]

Si s HEI

CALL AZR‘N(BI*Sti);StlSllissl*B(UimT'
BOR = SR

RETURN

END

RAGE A
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SUBROUTINE EFFECT(TROT)
UNIT=WIND EEFECTS, SORIOLIS DEFLN ANP RANGE PERIVATIVEY

RBAL LATL,LONGL LAT;LONG #MASS,HPROP HPL MDOTsMACH LG, LCP, 1YY, 1P T,
; IPAL, IPR, NSEP

CWARBACTER NAME#BO

DIMENSION SAVEL61,9)

COMMON/SYORD0/ ZERODFONE,P15GP T, HPT.TRT,CF(9)

COMMON/STOROL/ GO,AR, GMEGAGH, RE, AU, S0, Eso[sEs0l

COMHOR#SYORGA/ GDLATL,LATL;LON

‘ PHIBANAL «PS 1L, GAMA, PE1, ELGDL s AZGDL, ETGD, AZGD EL,

} AZ.BH;Z

COMMON/STORDY/ MASSMPROP, HPL,SUBMEIZ ), MDOT, THR, MACHTEA,AD, 03,

' SLOPE;CHPLOG4LOR, 12Y1SY,52

COKMON/STORAD/ WE, WN;HLABTIWIND.HNKZ;ALON AHIGM,NLEV ALEV (100},

: _ hrmiﬂonvmtiméﬁms 00)

COMMON/STORLZ/ N Mll.NSMAerPE NANGyNVARZNP, NP1 , JIPENT ;1 JS,J50, NCON
COMMON/STORES, AHTIRPAZ,APA,A RlaoT HoA,BoR, BOVL BbEE:BOAz.lPY.

A
' COMMON/STORLA/ Ig Eﬁl j 1TAPE2,1TAPED, 1 TAPE4IPRINY, 1IPONCH, INDEX
COMMOR/SYOR?Y/ NAM!.ABRA¥tHGOi

COMMON NPSTyNSEPSNSBINM(14},KSP{20] yRMASS, T30, YAVISITANG(61) iB (4}
h PLHtZD).PHTtSElnTSE?(BB;I MSEP{I21+ TSP 20 SPHTR0 ), A(9%,44)
1)

EQUIVALENCE BABRAYLL}| SAVELL,

PRINT 1000

PAINT ipt0, NAHE,HELnno,AZGnLocrtil WiNDyWINDuCF (&)
IR{JROT,ED, u; PRINY 2011 .

IF(IROT,NE. 0} PRINY 1042
SAVED a OMEGA

DEL = =0,5#CK(2)

CFC = CFI2)eCF14Y

DO 400 Joi,NANG

ELGBLY ANG(.J]
SAVE(Jr1l} = ELGDLeCF(L}

ND = UIND :HPAGT AND caRIOLIS DEFLEC?ION ‘.—--I-'-lﬂt-puﬁ--n-—iu---b
IF(IPRINT,NE{0) PRINY 1080y SAVE{Js1)

ONEGA = 1,0B<10
NCON = D

CALL SETIV

. - e - m— = . . . e —

[T P T —— e r————— [ —

LABEL EFFECT PAGE 1
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43
44
15
46
17
48
49
%0
31
32
3
"4
95
56
17
58
5e¢
60
61
42
63
64
65
66
67
LT
69
10
1
72
73
74
5
76
77
’8
79
éo
8
&z
83
84

cileai

1o
20

- P s wom

$6,927 ' e ] LAREL EFFERT RAGE _ 2 )
CALL JPLASH | c e _ —— -
UR ® |PR _ . i o . ) e e
PN & JPAZ e _ L el . v
IFIPRENY NEYDY FRENY 1071y SaAVE{II1) —_ o o
OMEGA & _SAV B o
C:LL sg'rlvH A . — . e e L.
CALL 8 L e o —— .
sAvE(J.Ll » LIPRaCERLIPALI wUNGBOSCBNTICF(4Y . .
SAVE(JaS) » LIPRWSINTIPAZI=UNSSIH¢PNTISCF (4] - .
mmcn_; 1o T8 30 . — - e e e
ONEGA = 1,0@wl0 B . . - o
G0 TO 29 ~ - ) . -
UN » IPR . . .. . —
Pi = IPAY L - .. ; —— e e
SAVENcZJ x UNeGF (%) . . ) . . e eme o
SAVE(J, 30 & PNagFeYL) | e e e e o e
HEAD ”IND RMIGE, --g.-F.““-.*:_--:::;---3---'-“-'-"—0-'---'-'-ﬂe-‘ e e e =
1F¢1PR!NT NELOY PRIKY 1933; MVMJ.:L - . , T
NCoN 2 —— . . - - v o -
CALL SETIV . . . .. e .-
WHAZ % _BBI1_. e e e e e . et e e e o e
CALL WCONST , — .. .
GALL BPLASH . - }
TERM * :PR-!Iw(!Puuswwﬁncascrpazsucnswul) - UN . )
S1GN » TERM/ABB(TERM)
TERM & SORTLIPRWIPROUNSUN=2, 08 IBRWUNKCOSIIPAT-PN)) . . .
HEAD. & (SIGNwTRRMIZNEIND —_— e m e mee mwm —— . —— —
SAVE(JsTY » MEADWCE (%) - - ] ]
TAILRNIND RaNGE -I-OU---I‘-I"g"h--l.dﬂ.--l—--lﬂu-&-'-Q-‘g---.ﬂ-‘--,-- ~ i
IFCIPAINT NESO0) PRINY $024) SaVRqIgLt ~ 0 T .
CALL SETLV b e men e e e e mm e ..
WNAZ s PS1 o P i e e e e e
IF(WNAZ, OE,TR] ! WNKTEWUNAZ=TPL. _ e . ) I .
AL genes T SRR
TIERM . ﬁn.u_wcmzt.s;mﬁm«uautnz‘i’-uosf‘!m w UN ) -
E Bs .
;g?ﬁﬂgﬂg aumun 2,001 RRSUNACOSVIPAT=FNY) — N o .
uu. ' (SIGMTERHHN!MD e ] . K . — e o
SAVE(Js8) = YAfLWCF {4} . L . e L .
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£
£

110

120

88,127

CROSS=WIND BANSE, mrifmivm-wmoR-w-iisiernbogeWabeianedaindusadslpes

IFCIPRINTY NBLOY PRINY 40257 SAVE{Ji1] LT
CALL SETiy

WNAL ® PST & WPy T T7
IF(WNAZ,GE,TPT) WNETWUNAZ=TP!
CALL WCONST

CALL SPLASH —
SIGN » 1,0 _ e
TERM ® SORTE{IPR# IPRsUNSUN=2, 00 1RReUNscOSETEAZnANTT

CROBS = (SIGNeTERNI/RIND ~
SAVE(J, 91 = CRDSY«EF€4)

——— = -

TDNEH‘TILT' .--;d;,,-;-:y—---“-.—;d.;;;;-15:::!-;;eu;;---1--??r;.-

IFCIPRINY NE4OY PRINY 1022y SAVE{(Ja1)
ELGDL = ANGEJ) ¢ DEL. .. _ .._. _

NEON ® 0

CALL SETIV

CALL SPLASH .
SIGN ® (IPR!UNiltBS(IPR-UNi e
TERM & SQRTUIPRe IPReUNGUN=2, 04 1RRoUNNEDSTIRATEN )Y
TTILT = {SIGN*YERM]/DEL .

SAVE(Ji6) = TTILY«RFR
CONTINUE

IFCIPRINY,NBLO) PRINY 1026
PRINT 2030
DO 110 JP1NANG

PRINT 1030, {SAVE(YyLyefadedy” -~~~ -~ T

CONTINUE
IF¢IPUNCM BB, 0} 60 Y0 120

PUNCH 1090, NAKGe (SAYE{JalieJmisNaNgl

PUNEE 1091, LSAVE(4i71sJe1yNANG) -
PUNCh 1092, {SAVE(J8), 81iINANG)

PUNCH 1093, ESAVE(Si®f,JeLsNANG)
PUNER 1094) (SAVE(Us8),JsieNANG)
PUNEKR 1095, }SAVE{J, 4}, 91 7NANG) .
PUNEH 1096, (SAVE(J%)sJELINANG) ——
PRINT 1040 .o .
CFC s CF(B)/CFE6)

DO 130 Je1,HANG
SAVE(Je2) = SAVEtJi2)nOF18)

T 7 TTLABEU EFFECY T FAGE ~ T
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127
138
129
130
131
132
133
134
13%
136
137
138
139
140
142
1
143
144
145
146
147
148
149
19n
191
132
193
194
135
154
1%?
158
199
160
161
162
163
164
145
1466
167
168

18,127
SAVE(U)4) = BAVEt . 4)p
SAVE(J)5) = BAVELJ: 9w
SAVE(Js6) v SAVE(Jioie
SAVE(J 7] = RAVE(J T
SAvE(J.8) = BATET 2B
SAVE(J,9) = SAVETJ P
PRINY 1080, PSAVE(Y,1)
130 CONYIRUE

ONEGA = SAVED

AL}
ALK
CFi8)
CFC
trl
CFe
IR ]

1000 FORMATILHL, 28HNAEA YaLLOPS FLIGHT b“N“ER-/TE’“ WALLORE LSLAND, VIR
¢GINTAe/7g60H UNIT-WIND EFFECYS, £oRIOLIS DEFLECYION AND RaNGE DERI

sVATIVE, /)

1010 FBRMAT{13H vEHICLE &
1130 LAUNCH 8} a F7,2,
*F7,0,8H H/SEEY,)

1011 FORMAT{13H BARTH ]

1012 FORMAT(13H EARTH ¥

1820 FORMAT{LHL,58HDETAT LED
|'0N '|F7 2 4H DEG'/"‘H
D Acctau:../.29H EARYH

1021 FORMAT(EH,S8HDETALLED
JOR u,F¥ 2, 4H DEGy/, 54H
1D AﬁC‘GU’-nlang EARTH

1022 FORMAT(1M1,88HDETAILED
‘O8N »,F7,2,4H DEGs/. 544

1023 FORHAT!1H1 SS8HPEYALLED
;0 V4H DEG,/; 544
«D Acccao)..zza

1024 FORMAT(LH{,B8HDETATLED
.ON w,F7,2,4H DEG./, 944
oD AEC(GOY, . /7)

1025 FORHAT!zHi,SGHDETgILEn
+ON m,F7,2,4H DEG./, 544
iD ACG(GD) Y4a)

1026 FORMAT{IM1)

1030 FORMAT(//,13H PcPaS 8Y
.12 9HhAUNCH EL.7§ y18HN

' 5X, L 1HRANGE DER[Y,18
Y34, BHINER), 7%, SheAneEt

LAB0, /7,480 PAY LOAD

4H DEGe/s13H WIND = F

S18NON=ROTATING HEBELY =~ °
-14HROTATQNG HODEL )
TRAJEUYORY FoR Ro WIND CaASE
UNIYS ARE FiP=S-DEGREE, EXCEPY
18 NONwROFAYING MODEL .4 //)
TRAYECYORY FoR  No_ WIND CaSE
UNTYS"ARE FEp=cS~OUGRER, EXCEFT
1S ROYATING MODEL,,//!}
TRAYECYORY FoR RARGE DERY CaSE
UNITS ARE rspeS<DBGAER, EXCEPT

TRAJEETORY £k _HEAD

WIND CASE
UNITS ARE rip=

=DEGREE®, ERCePT

TRAYECTORY FOR YAIL. WIND CASE
UNITS ARE FeppSeDEGREE, EXCEPT

TRALECTORY FpR_CRDSS WIND CASE
uNIYS ARG FapP-S«DBGREH, EXGEPT

STEMy/7,
O=HIND
2OHUNIY  w
NMT.SE.7HA2cEEEi:siTEﬁNoITRTﬂ

¢ FFY, 2,90 CNS,/y
5. 239M FT/SEL ¢:

WItH ELBvaTl
RARGEINH) AN
WiTH ELBYaY
RANGE(NNY &
WItH ELEVAY
RARGE{NH} A
WITH ELEVAT]
RARGETNHY AN
WiTH ELEVAT]
RARGEINM) AN
WLTH ELEVATI
RANGEYRH) aN

lMPABTsvi.eoRGBRIULIs DEFLECYION,
EFPECTS./.

JBHEASTINM} , 56X, aHtNHlnea).1nx.12HHeln(NH/FP5)a5x.$2ﬂ?llhcRH/FPBi,

LABEL

EFFECY
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149 15X, AIMCROSS ENM/FRS i/ H) . — e

170 1040 FORMAT(//,13M M~R=3 SYSTENM;//, - e
171 [1%, FHLAUNCH ELZ7R,IBHNO~HIND IMRACTS7X,20HCORIOLIS DEFLECTION, T
172 154, 41HRANGE _DER]V, $6X728HUNITY -~  WIND EFFECTS, ¢y _ e v e _

173 V3, BHCDER) ) TX SHEANGE (KM ) r IXG7THAZ(NEG) 4 5%y FHNQRTH{KMY o 3X¢ . .
174 JBHEAST(KH) , 8%, BHIKM/DEB) s 10X 1 ZHHEAD{KH/HPS) 8% $2HTATL (KM/HAS), ) -
178 5%, 13HCROSS EKMINBS) 24 5 L Lo . o
176 1850 FORI:!AT(FB.2::14.2”’-‘11:2.?1“.2.F11.‘2.F15Jn10!;5‘10,5:7)(-'F10.5|‘7Xo e e
177 1Fias5) . e . e . . et e e
178 1090 FORMAT(IN, LAUNCH ELBYATIONS tDAG) FOR UNIFwHIND BFFECYS, RANGE DE . .

179 VRIV AND €oRIDLIS DEFLT, /418, (988X, F6,20)Y . e
180 1091 FORMAT('HEAD UN|Y~HIND EFFECT th/E‘I?seql',.__/gu:z!a_:auxaf?.am . o ]
184 1092 FORMAT('YAIL URITAWIND EPFECY mwrw_sscn._gv;rz.s.sux.w,mg T
182 1093 FORMAT('CROGE UNIT=NIND BFRECT (MMZFT/SEC)(,/,0F7,3,804XF7.3})) ) . e e =
103 1094 FORMAT('RANGE DERIO TNM/DER)V,/7otP7, 8¢ FT )Y ) ) : e
184 _ 1095 FRRMAT('CORIDLIS. DEFLECTION YO NemTH eNM3V, /8 ¢(FF, 3,82 F 383y . . . ____ —_

185 1096 FBRMAT('CORIOLEIS DEFLECTION YO EAST {NMIY ./ PE7, 348 ¢AXF7.3)! . e
106 RETURN e
187 ERND

SI BV IVNIDIE0
: i
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1 SUBROYTINE FICUR¥(IROT) L . e e an
2 ¢ CALEBULATION OF WINDeWEIGHTING FACYOR AND BALLISTIC WIND FACTOR, e
3 B . - - e —
"4 REAL CATL,LARGL, LAY, LONGSMASS, MPROE, MPL  HDOTIMALY, LEG, LCP, 1Y IR, . . -
5 2 IPAT,1ER ) i e e
3 CHABRACTER NAMEwBS . e
t7 DIMENSION RGLA00),RZ{400)RFZIL0$) . —
8 COMMOR/STORGD/ ZERDyONE,PIFQPI HPILTRI,CF(9) _ . e e
9 COMMDR/STOROL/ G@,BR,QUESATGM;RE,RAESD,ES] #ESQY ) ) i
10 GOMHON/STORDA/ GDLATL LATL 7L ONGLS YHETAL ,PHILZGALAT, LETSLONG, THETA) o o -
i% ‘ PgigatnAL;PSIL,GAMA;PSI;EgsnL-AzenL.ELGD,AZGD,EL, oo
' AL SRRZ e . i - -
13 COMMON/SYORO9/ MASY,HPROP, MPL ,SUBK 32, MB0T, THR,MACHCA, 4D, QY, . e
14 v : SLOPE;iCHPoLEGLLEP TYYySY, 57 o B R
%2 coMMON/STOR4D/ we,wninLAsgsuxﬁg.uuaz:ALoE.AHIGH.NLEv?ALEvcioux. e e
' 1 %, %1121 (YELN R ie mmr o emn nm e m e m e — -
17 cOMMaN/STOR{T/ ﬁb@ﬁ%rﬂ MA ;h%ﬁ?ﬁqn ,N#eéiﬁe. PL,JSPENY: JS, JST, NCER , T
%B COMMON/STORLS/ Agr;aF’Az,APA,ABR,BoT;BOA,BUR,BOVL.BGEC,BpAz.!P‘r. ’ . o
9 H 1BAY, IER . -
20 " COMMON/STORAS/ méﬁ TLTAPR2SITARES, ITAPE4; IPRINT, LPONCH, INDER , . T
21 COMMON/STORYY/ NAMB;ARRAY(A00) L . .. A
22 EQUIVALENGE tARRMYPL), RG1IL]) %%BﬂhljlﬂllrFlltll---._- e ; - - R :
23 e Ménnézsp.m:{“ '
24 c
25 PRINT 10D0 . . . "
26 PRINT 1040, NAMESMBLMGO,BLADL#CF (1) ;AZGDLAEF (LY, WIND HINDOCFSY,
27 ' HNAZ#ER (L)
28 1F(IROT ,B0,0) BRENY $011 e e e e e . e e e
29 {F(IROT,NE,0) PRINT to12
30 SAVED = OMEGA )
3 IF(LROT (EQ, O} MMEGAgL,0E~10
12 e . ) } oL . .
33 g INITIALIZE TD NO WINR} e=-voerri-siuremorasuniogmvmwvetssrmnmnsbangen
34 IF(IPRINT,NREOY PRINY 1020 . . . e e e e e el e
5 NCON ® 0
38 cALL SETIy
b CALL SPLASH
38 UN ® [PR .
39 PR a IPAZ
ap RG¢ty = UN I e e e e e e e e e

44 FZ(t) = 0, Rttt . . U L -
12 DFZé1} = 0,



93302 01 11e2%9275 48,129 LABEL FZCURYV RAGE | -

43 £ . -

44 ¢ INITIALIZE FOR MAXTMUW WEND ALTITUhE, ) e et e e
:2 A;ogﬂt 0 .. . e e

© 3y IF{“LPMNT NE’E—I’EE—TNT 10@L7 ALOW, ANTRH _ ) . . o e e
48 NGON 8 2 e D .. —_ .

19 CALL SETIV . . ..

50 CALL WCORST . e
51 CALL SPLASH _ L . ; e e o e e e
52 . DNOM. ¥ BORTIIPEeIPReUNMUN=D, o.unmmcnsnm\‘zw At} S L

53 RG (NLEVY = IPR o e o
%4 FRL(NLEVY =1,0 . L. e . . . o e e e —
35 € . e i m = o gy e e . R —
55 o WIND UPTO OYMER INTEGHEDIATE ALTITODRS. veaercecamecjuusvgmmteigen — -
57 NEND ® NLEV = % ) .. — .o - . v e e

88 DG 400 Ne2,NEND _ _ . ___ ———— - e et e e -

89 AMIGH » ALEYEN} ) e
40 IF(IPRINT,NES0} BRIRY 1021y ALOW, AHIGH . . . I
81 CALL 8ETIV . e e e

62 ) CALL NGONST .. . . .. .- . S
63 CALL 3PLASH ) — S
64 ANUM @ SORTUPEHPH*UN'M_M*LE!_Q,U.N"QUS.ILE’A!:EM!_____. et e o

65 RE(N) = PR . .. O
86 FL(N} = ANUM/DHOM ‘ L L. e e
&7 DRZIN} = FZEN) -~ FItN@1) . L. e
68 100 ceNTINUE . . ; e -
29 c DFZENLEV) = FZONLER) B FIZ(NEND) } e e el
0 . e s o 2ae eem ee e mmvmme e . v o e e e e e o e e

74 IF(IPAINY ,NEYDY BRETRY 4025 ' -
72 PRINT 3030 . . T
73 ANUM = CP(4)8CF(8) o T
74 DD 310 N#1.NUE¥ . e e e e .
75 ONOM = ALEVEN)RCF (5} . T
76 Pmu'r in40, u.umnunmﬂ:aﬁmunuﬂd&mumwmm._ e et e e e

77 : ALEVINY:DNBM

78 1190 CDNTINUE ) - T T
79 IF¢IPUNCH (BB, D) &0 %0 320 .. e :
80 . PUNCH 2090, NLEV, (ALBVINY:NE3,NLAY) . . X L 7 T
81 PUNGH 1091, IFZ(N)TNEL,NLEY) . . T T T
82 PUNGH 2092, SOPZANtaNRL NLBY ) o - T
A3 120 ONEGA = SAVED - ' ce

84 G . " . o



93307 01 11e2%a75  fa712é TRBEL FIEURV FAGE 3

35 1800 FORMAY (LW, 2¥HRAYA NALLOPS FL1QWY g TERY /.2=H WALLOMB ISLAND. VIR . o T m——
6 .smu;/n;g_ﬂg{%;l_%&\!& AND Bxﬁt_.[_ﬁ_t_* RIND F cvo%g,,/_?! i . -
67 1060 FORMAT (43R VHRC £80 BH BAY LORD AW LB5: /9 e
38 a0 e Lr T R LR Y R N T o
9 VIHWIND W oF Y 8« TH TT/7BEDeZH (if8 24 FH M7SACY (M ._-LFHBET; i , B —
90 +I FROM NORTY) . — . i e e
91 1641 ForRMAY{a8H BURYH 1 IERNDN~ROYNTING FEEEL— . S . o T
92 1012 FORMARILIH® H O~ g I4NROYAVINS MODELY " " o LoD
93 1880 FORMAYLY ;.i} HEEYARLED TMBEQIUB__FQ_R ?"T‘Tm‘ Ht{_urﬂn ANE RWERK) - _ N
L S T/ esAN_UN g ¥y u_mlr:’ HYXZERT ® E—iﬂ”t “ANDABBEGRY, 44
LN “1881 FORMAT (M1, BUHDETA YoRY Wol ! Y WitH WIND ARDM.FE8,0, .
%g Tau ;o_.rmn/ LITH yﬂrs ARE Fef-53 iﬁﬁi o EXOEPY RANGE{NMY x__r_;_ AC -
. 166 el i) - . o m e e e e v s mre e e = = < e . . e e e
1 1] 1025 FORMAT (1N g g ; ‘. e -
99 1080 FORMAX(/74/7, 98, ¢nE, 9_:“.’_ Hgtﬁb ALYSIE ﬂ.:aﬂ HPACY HANGE mx.amz] g4 . o S
N S 2o SHDFC2) YA ARENWINE ALY, A, SOK AHFY) 57X, SHVHI BXo AR CRNY  BXI4HERMTD
T VATXTRAT 2wk (2e8) s OR ANVFY ) WX dNINI ¢4/ T
162 1540 raam':ug.r}l._d,__'_u_u!__ t, mf £, Y, 9, PiY ¥, Fid,0,R22,0) L. -
igg 1890, t;anzo 'i'ﬁ#ol‘él TUDM YABLE TOR eI aAD DALYA FUZT OUAVESe,/, o -
e - . ' ‘ —' e T B M e p—— W M W Ak 14 = - - - - - - - , o b
103 1691 FGRIATR(T) CORGEVGTI (P YIAR P, AT U
_..,,,_.:Lg.&-. . A082 Ens.kLAJJ_nEJ._T_Ll"_Ll)_MlVE'-thM uxy'“i.nT: S
197 RETURN .

108 END _ SO - P
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RIMTvOD 9004 46

T 93302 01 11.29a75 ApSa3y T 7T T LABEL FREAlL  PaGE.... _&__ .
1 SUBROUTINE 1RCAL . T IR
2 g CALEULAYION AT zHPIaT POINT, . —— S
3 e . }
4 IRTEGER_HKSYEP . 3 .
; LR g - - - 5
7 cgnnog;s;o:g?‘; *gnii;}” '}._“f;;.ﬁ”%ﬁ“%ﬂg HF u 6 ' oL T o
8 COMMOR/STD apL LAYLY L; THETAL Ls &0l LAT _!IA . -
¢ ‘.‘ PHI.GM‘-MIAJPSIL,_GAMA;PE%; E%_l AzGﬁLfEIAT 5L !_E ' . o e
10 3 AT SRAZ —_—
it cnnnoﬂfsmanf '[nDTX!NPhDYLAiQ_!AhTBDgRKSIEF._EEBIG BEYINY, . . . .. .- R
12 MIE . DHAX«KSTERYNGNOD .. .- e
13 *CommaN/$ToRgR/ smmt14;5un_sugup_giw'snw_uusu_s_.auL . e -l -
14 COMMOR/SYORES/ APTIAPAY,APA,ABR BOT.R0A, Bol,¥avL.BOEL, BQAZ, 18T, . . I - -
i: . ' IMAZZIBR . . - o
17 CALL AZRENCSTLY,¥(20s8(30:T) i . N T T _
ig Iy = 1 — e e . .- -
19 IBR = SR - .. ; .. e
20 IRALZ & SRAZ . .- - .. -
21 RETURN . R e .

.22 ERD e et e e e e e et

fom m oeE wewe s m— » ams i a - L L L P
'
-_—— S s mr e e m o T e —

- - - e Vo — —_ s e e i am e
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1 SUBHOUTINE IRSYEH(#,w) . . ——

§ g ADJUSTHMENT FBR SYER BYZE AS IMPACY CLOSES, ) ' L

4 IRTEGER NKsagP e i - e e e e e e _

5 cOumoR/SYoOROL/ cd, AR, ONEGA; GW, VR, RU,ES0, BSRT+EBOE e ——
$ COMMOR/SYOROY/ xd.!a:zu.R.RK!;AL%,ER?HLxH i s n e —
7 COHHON/SYOROE/ V!{S!qVA(8)7VELfA§§;VgL;MrVEI" - -

8 COMMON/SYORGE/ TeDYTNPLEDYLALDTALITBOLRRSTER,BPBIG, BRTINY,
19 i DM 16, DHAXSKSTEE ¢ NBODD .

0 ]

13 G w» §072,0 ’ i j
12 1T = 8,0#DY

13 DIST *® (VEL*G2eTTIeTY -

14 IF(ALT LTy DISTY KSTEPR10000 i -

15 TT w DT#2,0 -

16 DIST » (VEL#O2uTY)wyY _ e e e e e e e e

i7 IF(p18% LT, ALT) &EYUAN 1 -

18 RESTER = 1 . -

19 TT & ALT/(VEL+&0sDY) - -
20 DT & AMINA(YY,DHAX) . -
21 RETURN 2 - - -
a2 END - e e et e e et e e——r —— et mm i e b - e+

- - 1
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O~ WE GERNE

187138

SURROUTINE LINY(F
LINEAR INTERROLAY UR ay

INTEGER ORDER
DIMENSTON FYL) xt1} Ficed,x1€1}
DIMENSTON FEDEY(31514)

JXGF1, %1, ORDER MAN KB KE KB, KKE )
IYKEN lTERAT:oN HETHOD.

I0RD = ORDER
IF(MAX=DRDER) 10s10,20
10 N = ORDER w MAX_ |
ORDER = ORDER-~H-1
20 KI s KB
DD 400 KKZKKB,KKE
XNEW * X! (KR}
B0 30 KsKI/KE
KBAVE = K
IF(XCKY.GT, ANEW) G Yo 40
30 CONTINUE
40 1ZERO *= KSAYE = ioﬂDER*illz
IF¢(1ZBRD ,LT% a: 1t
IF({ [EEROORDER) GY. HAX) 1ZERORMAX~0ORDER
Do 50 JJwi,PRDER
N = JJo 1ZERD -
FFDET¢L,JJ) B srtIzsnm>.txtNinNEuI~F(N>-tx(lzano;-xnauiil o
TUXINY=X{1ZERD)} o
50 CONTEINUE
IF(ORDEREQ4%) GO YD 70 .
pp 85 1=2,0RDER ) i )
11 =1 w1
L = 11 « 1ZEBRO
DD &0 Mst,nRDER .
J = M ¥ 1Z7ERD
FFDET(L, M) 8 (PFDET (15,1208 (XEJ)mXNEW} = FFDET!!IuM)*lﬂ{L)-XNEﬂ))I .
sUXCdINXILY) .. - —
60 CONTINUE -
65 CONTINUE .
70 FI(KK)} = FFRETXORDERIORDAR} "
KI = KSAVE = 1
130 CONTINUE
ORDER = 10ORQ
RETURN .
END LINT

1




93302 01 3125375  $8;139 o TTTUARGL L18T  RAGE 1

SUBRDUTINE L% Y(NFE
PRINTS DATA ¥TOR
8

CHABAGYER NAK End
COMMOB/STORYY/ N

ik <Y

1. . . . 4 . -
D ON FILE NFE, .. . .

Y(NF
ED
i
*H l.ARRAV:&UUg

REXIND NFC R : ST IR
100 REAR(NFCy1000,ENDagsd} NAME R ) - . — —_
PRINT 3000, NAME C. . - .. e ;
.. 6. GO TO 400.... . ... .. S
11 140 REWIND NFC ] .

13 1000 FORMAT(AB0) T e T
14 RETURN L ) . S
15 END , .. . .

O 30 Ui G NI

- e mam b mimsas e e ey ———— - .
- T P . ———————— . . T o i ] —— - — — - = ek - ——
-
- - —— e —— —— — - m— -
N - - —_— PR -
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99869 (1 04~21-76 15,834 . . . + LABEL PGH PAGE

-

3 - SUBRCUTINE REM{NF,SOLY)

3 c. MWODIFIED ADANS-BASHFORYH PREDICTYQR-CRARRECTOR METHOD,

S U v e e . e e et wwaeen femmes m e —— e -

4 INTEGER RKSY@P —— s —

§ DOUBLE RRECIBION DPS.DPC,DEF . . - — e -

§ DIMENSION P{34),C(14),PC(14). . . N - .

I COMMON/STORSR/ To0T,TNPLDTLA,DTAL,TBO,RKSTER,EPBIG,ERTINY, .

8 . DM IN,DMAX,KSTERZNGOOD ) . . - .
- E COMMONZSIORAR/ SL44) F{44,3) DRS{1433DPCI14)  ERUILA),SBC6,20) . .o

1§ COMMON/STORER, NPHAX,NSMAXsNPL.NANG,NVAR,NP,NPL, JSPENT, JS,JSC, NCON

1% COMMON/STORS S/ !TAPEio1T&PE2¢IIAFEJ+!!’AEEM;PRINT.IEUNGH;INDE)L P

13 PARAMETER C3#55,0/24.0, C2#59,0/24,0) C3837,0/24.0,. 0459,0/24,0, -

13 . C3$19.0/24,04 CEN5.0424,.04 CTx1,0/24,0+ £C82251.0/270 04,

14 . Ce%i9.0/270,0 .

1§-— .0 im i e e — e e . s e e e e ———— .- .

14§ c. FREDJICTOR ANB {75 MODIR.IER, . . P

1?7 0O 100 txi,HF . . . R . .

13 DPF = CLaF{Led)rCAnFLl,314C30F8],2)ubd0F],1) . - [

19 P(1} = DAS{YY + DTeDPF . R -

23 (1) = 241) = cBaDPC(T} . -

2% — —..45) CONTINYE .. . [ mr e ter e — mmmimam s m h mam e o e o e -

22 c —-

23 C FUNCTIOYN F{9uT4DT), e

24 T = T+DT

2% CALL SaL¥(5)

26 c .

al - 5. CORRECTOR, RINAL VALUEy AND. MAXIMUM. BRROR, .. . o  _ . ... R Cer

28 EMAX = 9, )

29 DO 110 [=1,%4K -

33 DPF = CAuF(§aB)eCOuF(],43aC8aFCl,3)+070F 11,2} i

31 C{I} = "85(§) + DTeDPF -

33 PC{LY = 84T o CC1) .

3F - (I} = o4i3—4 ooOnpElly - IR T e e e L

54 EMAX = EMAX # ERW(I)aABS{PC{I)}

33 110 CONTINYS

35 EMAX = sHaxaNF

37 c .- .

34 [ STEP SlZi—-aNQBTMEP}T- ACCORDING TO ACQURACY REQUIREMENTS,

39 .. IF{{T= QB INRL GO T e ———— e i e

43 IF{EMAX 8%y BPBIAY} GO TQ 200 -

4% IF{NGOGN (L¥w KETER) GO TO 80D . .- — . .- ' . -W
44 IF(EMAY LTy BPTINY) 60 O 300 - - .
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SREELP
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3

REA

h]
P

14,

TR
il s

59

90849 01

43
44
43
a6
4z
43
47
54

5%.

EY
5§
54
5%
56
%3
58
59
61
6%
LY
63
64
69
64
62
LY
1)
79
74
72
73
74
75
75
77
73

79
aa
81
42
a3
84

34-21-76 15,334

41 0

200

2140

310

60 TJ 538

DECRZASE THE STEP SIZE.

TT 5 D1/32,0

IFeTT LT, 39inN) GO To 590

T 3 T-0T

nT & TT

1F{(T+TTa4,3),6E, TNPL) DT= (Tvpi Ty/470
DO 210 Lz HE . - R
$(1) = nBES{I!?

CANTINUR

CALL RK4(NFE3ILW)

RETURN

INCRELSE.!HE $TEP.SIZE, - .
TT & DTad. i

[F(TT AT, @MAX3 GO TO 500
IF((TtTTﬁ4.Jl.GE TNP1) GO TQ 540
nT = 171

D0 310 [=1,NR
nPs{ll = S(N
CONTINUE

CALL RKA(NFIS0LY)
NGOOD = %

RETURN

PHASE .CHANGES,.
TT & DT

D0 440 [= 1JNF
pPSilY a2 s}
CONTINUE

RKSTEP » %

DT R_TNERS(Xe0ml,08507) @ T -
CALL REK4{NFLI0LY?} '

T = TNP1

IF(ASS(T=TAY) LT, TBowel,0E-06) GALL BoCAL

IFCIPRINT 48, ) CALL TPRINT(S,1}
RKSTEP =2 &

AR T |

CALL REFAZE

CALL RAA(WFZSILY)

NGOOD = %

LAREL PCH

PAGE

2

e = v = o v b —




99849 1 03=21-76 15,834 . LABEL. PCH PAGE )
89 RETURN - ]

86

w— BZ —-C JANTEGRATEQN EOMPLETE WITHIN E£RROR. BOONDS, .

83 500 CALL SOLN(5] T ’ LT )
89 DO 513 121,8F . ) —_ T o
9] DPSII) .x.5¢ 1) ] . LTI

95
93
J—R
94

DPCel) = PC{D) — - . ;i 0+ e e i e e o - e

FCLiL) a F(}e2)
e <l 22 F (a3 R—
Fi{ls3) 2 F(Yr4}

9 F(lad) 2.F(]s3} - _ I
94 510 CONTLNUR . - e
97 NGODD 3 HGOQB+1 . - ..
g8 [ - - .
a3 — IELIPRINT_,NH, 1) CALL TPRINT(5.0) e e a e o —_— v ar et rem———————
204 RETURN

2034 END -



93302 01 11-29a75 18,141 T T LABEL RDATA  MAGE i

1 SUBROUTINE BRAYA - .

2 e READS ROCKET DATA ASD WRITES DN A YEMPORARE TAPE,

3 e -

4 INTEGER QRDER T, e ——

5 REAL MSER -

6 LBGICAL TPRZ

? CHARACTER NAME#84 ) —

8 CHARACTER LINEe8E, t0Lrl(80) e e —

9 DYMENSTOR rm:.mm.r:mnxmn ) - ) e e ot e e

i0 COMMON/STOROD/ ZERG. mnmugmum,____« e e e v —— — -

i1 COMMON/SYORDY/ 68, M.QHEGAfGH:NE.RﬂyESﬂ;ESM;E [*F} T

ie COMMOR/STORGR/ PBE’B.BENHOIT!HPﬂaSQUNDH:F‘RESMQHTEM Bied,. U

13 . HaLte¢0),YSLOPELD), QNs'lPRES%DENsL!E #4SOUND I

14 COHMON/STORLR/ KFREV;HPREVIHPBEV.A REVALFREVE14) 3 YPREV LAY, e

ii ' OMMON/STORLRZ N uanumn S JSELNCON o
COuMO 0 u&u_} R —-

17 COMMON/STORLM/ tTAPﬁi.!TaP 2.!TABE TAPN 1 AEINT, x'EglﬁH IMDEX e e mtrone e

i8 COMMON/SYORSD/ NAMEZARRAYIRDD) -

19 _COMMOR NPSTyNSEP NSRINM(14 .xsnsaai.amss,rsb TAVIS) ANGLEL) 6B () .

20 T PL.mzn;sPHrcsat.memazn.Mslpwanrspczn),spmeomm‘ 14} A,

21 DATA sLCG,SlY%Y/280,/ ; S

22 EQUIVALENCE !ITAEEZ;IEL!IIAPH;}H_& o m pgmr z % mmmm = e e e ew e e mam m e e =

23 EOUIVALENCE [ABRRYIF), (ARRRY{400), 005 VARAA¥ (399),F1)] et et e

24 1 tARRAYE298Y,X1] . e e

25 e e e .

26 I = NPMAX+2 . — . - -

27 DO % Jmirl e e

28 PHTEJ) = L,BE*LD . e e et e e

29 TSEPR(J) & L,DEa10 -

3¢ MSER(JY 4 0, —_

31 i CONTINUE e e

32 be & JeisNEMAY e -

33 TSPéJ) = 1,0B+440 \ e e e

14 2 CBNTINUE . —_— e et e e e e e e

;2 . . IPRZ * IPRINY ,EB, E . . e

37 READ(IRA3000) NaMg o _

la READ{IRs 1000} LINE ..

39 READ(IRaA00L) RMASSLYAD e e

10 READ(IRs1009) LINE . . N e e e e e e e —_—

41 READ{IR,1008] NPUTL(MHTC(I)YI3L,NPST)

4z READ{IR.1000} LINE ’ .oz
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RITIVO 9004 40

93302 01 3429373  AGT144 o - T T LABEL RDATA  #AGE z .

43 REAP(IR;500%) usEPatYssPtlhlgt.NsEN . ] ———
a“ REAR{IR: G000} L . . . C — .

45 ROAB(IMaE008) NSEP tMBEPS 1}y IRLNSHEP) . o e
48 RHARS. » RMAEE=CF¢S] - e e e e e R
47 DG &0 !sT NEBF ] -
48 . MBER(L} ¢ MFEPYIVaBFYE) oL ) . . -
49 £0 CON¥INUE . . _ oo
50 IECyNOY IPRB) S0 'TH i . L . . . . i
81 PRINT 3000 L. i . L . . ¢
52 . PRINT 5001, BMASH¥8D e e e e e
53 PRINT 3002) NPSTe{RHYIL)s AlphPSTI . . e e =
54 PRINT 85003, NSHPp(TSBR(]) 193 FNBER) . e e e e
95 PRINT 3004, NSEP.(MBRP(I),Tag;NSHP] . . . ) R — e e
16 i1 CHNTIRUE - . e e e e ——

. g \ . . .
58 . B REGULAR PHARES, .. __. i am . e i -
L 59 J00 NPMsLgNPEY . .. . I R
80 IFCIPRZ) PRINT SH10% NP . e
31 READ(IRs%000) LINE T
42 - READ{IR.L0093 LINE . ol .- e . e
63 READ(IR, 1008 wuhm. 4) . . - .. .. e e e e = e e e
64 ADD . ® Q4. - e e e . i

45 DR 310 Jsi.&¥ T e e e e
66 READ(IR, 20008} LINE . .. — e e . e e v
47 IFtJ HE.2) GD YO 104 . e . e e e L
48 DECADE(LINER3002) £OL —_ . } e e e e
&9 Do 400 1%1,78 . e e

70 1EcRoLeLd, EB..'S'MMLN!M;EGJLL;ANLBOL_JﬁiL&LMJ_ . .

71 /ADD u B(L)oPBESQ e . - . ..
72 100 CRNTINUE . . . . e
73 104 nuaanndpn:i HAR, BAG L0 ) o Ime 5 HAX) - .. y —— .
74 mmu.c'r.il 6o Yo 6% e e e e - .. . _ - e - el
78 MAX '8 o e — - — . e e e e
78 uz;u..n.nuu.u- oo e e _

77 105 NM(J) © HAx . e L. . e
78 P LT.7 OB, J.6Y,8) a0 YO 1%0 . .. - ; e e e e . e —
79 mmu.ua 2§ Go Yo 850 I —- . e e e . _
ap IF{A(LsY) n’zanu .mn. At2,7%,L7,26R0} G0 70 107 e .o .
81 106 TR{A(L,8}.L7}2ERN .mn. Al2.8),[T72R0) &0 TO 108 e . . e
Y] R YD A10 ___ - e e e . _

83 107 A¢L:7) g SLES e e = ann .. . ) eremrnn i st st s mm
84 Af2e7) ® SLEG . - e . .. il e -

HH:
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*ﬂﬂﬂ-oﬂlﬂ-b
i 1= OB~ O

b w3 i
O R

110
111

117
1ie
119
120
121
122
133
134
125
126

408
LE 11

145

120

£30

140
150
160

179

189

$87144 LABEL RDATA ~ RAGE T

GO YO 408 ) ) . ‘

At1.8) & siyY
A¢ce8) ¢ s1YR
CONTIRVE
SLCA 9 ATNMYY
SIYY & ACNHEA
Do 41% 1edi,N¥
ACLaQL) ¥ A
AC1s02) 2

————— TR H—

i ) ) ——
) . . . .

Sy B e e,

]
N O O Wk ) S [ I
EINET e it ot gt un 3

5

CONTINUE . s o . . T T T T
CALL LINY(Fy&,FIeXYiORDER(G ) oMAX EINMES) i nH (1)) ; o i
MAX €& NHU4) : . e T
DO 440 Il M — ) o - B
A¢l,Jd) ® FIVD) )

CONTINUE o

NN(JY ® Rutdd . T ’ . L T
CONTINVE y .

GO TO 180 ' o
CONTINUE . . .. . .. . ' I .
MAY = NMY1) . -
DD 470 [#3, )
ACTIe7) ® A¢
ACTeB) = A{ .. .
CONTINUE »
NM(T) » NM(L) . ..

NN(G) = NW(dd

CONTINVE




93302 01 312575

127
128
129
139
131
132
133
134
135
136
13?7
138
139
140
141
142
143
144
145
146
147
1486
14%
1%0
151
192
183
1594
155
196
197
198
139
160
161
142
163
164
3165
166
167
148

190

200

210

220
230

299
300

409

363144
DO 230 K&9,4£5,2
JzK*3
TR (NKEK) 1 EO,2
3] tiﬂ-lﬁlfﬂﬁAﬂ

CONTINUE
NM(Jd) = RM¢
GG 0. 230
CONTINUE
MAX ® NMi4)
DO 220 Is3.HAX ..
AfLed) » A(R5JY .
CONTINUE ]
NM(J) & NMid} e
CONTIRUE

INTERPOLATIONS END.
WRITESIWY (BIL),1etqyd)

+AND, ABS(A(I,Ki=a{RiK}),LY,2ERD} &0 TO 210 °

T TLABEL RDATA _ PAGE __ _#

IF(LPR2) PRINT 5@1th (B(l)rIstsd)

PO 390 Jsl,.4i#

MAX B NMEJ!
WRITECINY MRAX,tACL.
1R ¢IPR2) PR!NT 5612
CONTINUE

CONTINUE

SRENT STAGER:

NP 2 O

CONTINUE
READ(IR,1000,ENDX45D) LINE
NSP & NSPRe)

IF{IPR2) PRINT 5020, NSP
REAB(IR.1000} LINE

o

Jil
’ ﬁ Ji

ik
MA

NiCA{TLJ) s Ind, MAX)

READ(IR,1004) TsPtNSPi.sPMCNBPi.Besr

SPHENGP) = HRM¥INSPIerBF(5)
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. 3302 91 $1e29378  §8jias " UMEEL WDATA T PAGE B

169 WRLITESINY BEX) e e e
170 IFCIPR2Y PRINT 5621; ¥YSPCNSPI,SAMeNSPIBYT) . e R P
174 ng a&.ga.};hg Ligi Y S
172 . REAB(IR %008} LINE .. e e e . G e e e e
- 173 READ{IR 20043 MAK, EA(Ts uT) TagiHANT . - e
© 424 IRCMAR,GY, 1) GO Yo 468 - e e
178 HAY s 2 . . .. e e e e
176 AC22J) ® ALYIL) e A e e e
1?7 405 NN(J) = MAX e . . o s et o
178 L WREITECIWY MAX WACIZ )T ngs MAX) e e o -
179 IFCIPRZ) PRINT 5013, NSPaJTMAX» (AT LJILTRLTMAX) T
180 410 CONTINUE _ o ) N
181 50 10 490 .. . . -
182 480 CONTIAUE e . e -
183 e ;. . -
184 1000 FORMAT(ABD) _— —_— S I e e e et e e ;
185 1001 FORMATIV) -
186 1002 F RHAT!GEA!.& e o .
137 5000 FORMAT(LH1,QXRENHUY DATA SBY NO, 25+/5408H AFTER INTHRPOLATIONS FO
188 ¢ GET AERONYNAMIC OaTx REFERRED Yo ONE TIHE VARIABLE AND ONE MAGH N
igg 5001"‘85; ﬁ‘?'”“?"au REY MASS syiPEis, %43Yd, BURN#OUT TiME 3,iPELI3H
1§ 3001 FORMAT(/y14H RECREY MASS =74PE #17Hy BURN*QU B 3, 4PEIFGY L L e — e .
191 5002 FORMAT(/¢19H NOMEER BF PHASES s.toes¥t, STARY YIWES 3,7, ~~~ ~= ~—~77TTmomem s come——— e Rk
192 (B0 #LRELY,5) 1Y) _ .
193 5003 FBRMAT(/;25H NUMBER op SPENT STAGEY §,12¢1%Hr START YIMES =,/,
194 TIE0§1RELY, S ) .
195 5004 FORMAT(/y25H NUMBER OF SPENY STAGHEY w,12e1%H+ THEIR MARSES3,/,
196 CIAQE4RELS. BN Y)Y R ) . ———
197 5010 FORMATI//, 424 AHNSE fp, 7, f241%H ompeaoa¥=T] T . T T ;
1%8 5011 FORMAT(/§9H ARBAY Mej4(iPEL3,5)) = ’ T
199 5012 FORMAT{/119H ABRAY AnagNPiJFMAX® 3150/,¢10¢iPE13,9))) T
200 5020 FORMAT(//,18W SPENY SYAGE NOy mil2518H  oe~ecsweedj : . -
201 5021 FORMAT(/e24H TSPeSRMIBESIS]/o3L21PEL3,5)) '
202 RETURN

203 END ” TTTTT T ST - - T om o
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93302 01 11w29575% 48,144 . . LABEL REFAZE PAGE ._. % . . soo.

1 SUBROUTINE BEFaZE , , . FR
2 s URDATING THE DATA AY PHASE CHANGET ) . e o
3 g e e e e
4 . _ ..  IBTEGER RKSYEPJORDER — . e ] :
5 REAL MASS MPROP,MPL;HNOTyMACH B8 yLCF; 1Y¥  MSEF : : L e
6 DOUBLE Pnsclixﬁu nBSibPC : — _.
7 _COMMOR/SYORGY/ T.nuw-;.ﬁ?u;nm.rao s RKSTEN  EPBIG, BRYINY, : . L e
8 DHIN;ENAXaK rgg;ueug . i o o e e —_
9 ' comMoN/STORES/ sum. u TR thc\:l.ucEB_H_tin.nPchNi T R oo T
10 . COMMON/SYQROY/ 1kSS ;wﬂmoz._ummmmms. e .
11 T SLOBE.sMPaLEGulBR; 1RYLSY, .- e
12 COMROR/STOREL/ Kgﬂav H:REV_FHPRH.!PREV:LPREV‘14)oVPREVtHI; ; e e ——. o
13 N OQRDERYL&Y _  __ } e - -
14 cOMMOR/SYDRLR/ NE'M&S;NSUAxINﬂLhBANﬂ..NVARrNP.NPhQSFENV;JS JSB . NCON . - e e e e e
15 CBHMON/SYOREA/ [TARELS nAPez.xvuga.xrapasgﬂaxwfllpﬂucn NDEX L. . S
16 _COHMOB NRSTANSEPANSRANH (141 KEFC20),MuASS, 330, YAV L3I TANG C64) rB (41 . —m —_ ]
17 N PLH(!U)-PHTE.’sZI-TBEPlazl.HsEP{saer‘iPlzﬂ!.SPMEGHM99:14l - . ] .. -
18 [+ . \ - P S
19 NR w RR & 4 - ) e e e e o
20 NP1 = NP + & e . - . . o e e e e
21 THPE . PHT!MR.‘L e = = ! , .. e e e =
22 . .. REABCITARES) (Bel)ilmp,a) e e e e .. —— .
23 B¢3)1xB{3) /240 —— . e e e
24 BE4) & BY4)w¥2 I, e e et e
25 DY £0 Jyi. 1% e e — o ) .
26 DY & IsLyNVAR —_— ) } —— - ..
27 AClyd) = 0, . R . -- -
28 w ol GONTINUE e e e L e S e e -
29 READCPYAREST MAXstX(17J)elnt HAX) ; C e
30 NH{JY & HAX
34 LAREY(J) & & . . . .
32 VRREVIY) ¥ All.J) .- . —— .
33 10 CONTINVE ~ . ) ..
34 . .. MBO® ® D, ... o e - . e e e
35 SUBH(NP) =5 HASY = X{1,3} — - _ R _
38 SE7) ® AYi.8)eny . . - .
37 5¢a} » Au.a:wsz . . . - . e e e o e
18 e DASETINSLTY . . o e . . . e
39 nnsfalnsm _ . _—
40 ., . B_. e e e e e e e et e e _——
41 JSL = JSe3 ) . — .

42 . IE(JS1,GY,NEHANCL) RETURN N - - -
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43
44
45
46
a7
48
49
50
54
32
53
54

11-2%575

100

fi0
120

18,144

IF(ABS(TwTSER{45€)7,a4Y,1,08~0%) ao TO 108

J3 ® J5 ¢ 1

SUBMINPY = SUBM(EP] » MSEPLJS1)

D0 $20 J¢1, NP . e o
lncggit¥5%éﬁiilf (BT 0Ew33) T80 Yo 18D

J8C & JSOeL
DO 410 J#1,6&

SR(1,JSC) & §(1)

CONTINUE
CONTINUE
RETURN
END

- 4 an e e —— e TR boawm 1 [T R——
mm e i malmmew v Em e s — e A e ——
.
Y
- — P e — s ke s R s

LABEL REFAzE FAGE

e+ ey e

e e .

Y
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1
T
v

T 440 0 ©~F O TR OF N3
'

0 XY

110

t20

i30

140

15,146 . LABEL RKA BAGE . [l ——
SUBROUTINE RK4¢NP.S0LY) . . e e
INTEGRATION BY RUNABKUTTASIMPSAN navuo]i Of FOURTH ORDER, . T
RALETON BOEFKICIENYS ARE USED For MINgMUM ERROR aouuns" o
INTEEHRR WKSTEP T o
T AT ~ SR
DOUBLE PREC ON G ] +183¢ a4514 —m .

CBMMON/SYOROYZ ToDY; TNP:hDTLAjﬁ?Ah‘I'Ig 0.RKS wé PrEPBIG,ERTINY, o _
. DH:N.Dqu.KSTHEstoon . . e e -
ggnﬁng/r}r%ngac SRABY R4, 8o PRE(14)DACY14) oERWC14)THP(6,20)_ - —

T ' - D,
DATA B4gB2,@3/ 0,4597372¢, 01296977803 0 ';158?5936/ - -

A - 4 N

DATA B1e82 .Eifaﬂ;zéfiiﬂéaozs “%“831’2‘:!‘“%&%553441. 0.174184767 ] ) o

CALL_SOLVN(1) e e - -

Do 150 J¥1,RKSYER . .. . _ . — e
T & ) e } e e _

o no 141.NE . - o e - .. e e

GLI(L) m DYSELIzJY . s v n v e . . P -

SC1) ® DRS(1) # u-uzm — . ; } e e .

CONTINUE . e - —— e

T & TT ¢ ALEDT —— . . . e e
CALL BOLY(5) - ; . - P
DO 120 1WL,NF I . .. - .. e
GR¢l) = UTOE? e . . " e e e
S¢I1 ¢ DRS(I] # aaoatm + Bmam . e - . m - . e e
CDNHEUE ; e .

Tz YT ¢ BLODT - .. —_——— .
CALL SOLV(S) e e . . S

DO $30 IwisNE | e .. . o
GI(1Y) = DBY#EL1yS) e .. - e e
S{1) ¥ DRS(1) & umun “ czmm « 03ea8(1) .- o A
CONTINUE _ . . .. _ e e i

T =TT * 0T e e et . .. .. .. - e
CALL BOLV(S) ) e e . . e e e
DO 440 Iet.NF —— . . T
G4(1) » nr-rtxrsi . ] — S
S1) & DPS(T) + DLaGa{l) = D2eG2{1} « BIWGA(T) + Ddwadl]) - . L LTI e e
DPSE1) .8 ST e e o e

pacL1) % 0, e o . . .. e e ————
CONTINUE i 4 . R .-
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13
44
45
45
47
48

4Bi146

IF(RKITEP,EQLLY 80
JU ik J e}
CALL SoLv(Jy}
156 CONTINUE
RETURN
END

11«2%c73

r
-
.m e —— e —n - -

*
A -




J0

00d
TV

O

Dlgo

il
vd

ST &9

93302 01 11-2%e79

O DO A AN

[y
=

I
W AN

l

[
~3
E=1-0+]

130

i2o
121

18,148

SUBROUTINE ROCKET(KODE)
INTERPOLATEY BETHEHN THRUST AND HalM TABLES,

LOGICAL KODE . . .
INTEGER HKSTEP
REAL MASS,MPROP, MPL;HDGTQMﬁGHILGG;LUPyIY!.HSEP

“GGMMDN/SToﬂuzl PAES0; DENSO £ TENPQ, SOUNDD PRESB(9) » TENFELYY »

HALTBI9).TSLDPECQ).BONST PRESsDENS, TEMR, SOUND
CUMMON/STORUE/ VYLSIIVALS)TVEL A ACCRYOL IMaVi IM
COMMOR/STORGY/ T.D’I' TNP14DYLA,DTALTAO,RESTER EPBLG, BRYINY,
MIN,IHAX&aKSTEPNGODD
COHMON/S?ORU?/ sts MBROP, HPL ,5UBM32) ,HDOT, YHR , MACH Y BALAD, 08,
LOPE-GMPvLGGQLGPAI‘YGSV:SZ
cownom NPSTvNSEP.Nsn.uM¢14:.Ksn1zol.Rnass.raﬂ YAY(315ANG(61),8(4)r
PLHE2D), PHTtsza.'rssa(3zl.nsap<smvrsP!angSPnuahAm.u’

INTER;OLATIHN BETWEEN MACH NO TARLES,
CA a2 ©,

IF{SDUND ,EB% 8.,) 80 T0 12% ;
MACH = VEL/HOUND -
GALL RTERP(MACH. J, &3!110.5120! S
Jiomd o+ 1

FRAG s (MACH ~ A(J;#ll/(ktﬂlo&l n Kidg#))
CA # ACJi5) # FREC*{AfJLeBImAEURD Y
IF(KODEY GO T0 150 .
CHP = A(J,10) + PRAC#{A(J1j1Qi=A(J5101) ..
SLORE = A(Ji2% « PRAUs{A(ULeL2)~AbuitR l_"._.___
LBP & A¢yJ,34) « FRACW(ALILIyL4)=ACUR1d)

G0 To 150

Ch w A{115)
IF{KODE) GO YO 150
CHP = Ml-iﬁi
SLOPE = A(3,12}
LOP = A{%,14)

GO To 150

CA & A(NM{3),5}
IF{KODE) GO YO 1%0
CHP = A(NM{10),10)
SLORE = AcNthz:.ial —
LCP = A(NM(1A)214)

- wrerrem e e —_




03302 01 11-29c75% 18,148 7T T TTABEL ROCKEY AAGE z

43 z INTERPOLATION BEYWEBN TIME TABLES, - -

44 1530 IF(ABS{ATL,L}-A(2, 1001 2004220,200 o . e e e e
'H] 200 CALL RTERPeT;J, is216,s220} e e e e
45 Wl 03 % - e e e s s« vt e e e n . — o 4 e s

a7 DELT » 1.0/11151.11-“:.1:: -

48 DELM ¥ ARyiy¥)e Azd 8) .. ; -

49 FRAE * (YAl f) ufm.g i} — _ .
%0 THREACU+2)+FRACH 1AL YE 2 wALUS2) Y =B {1V oPRES _ .

LS 1B THR, LY, o,; ‘ruagg.

L¥] MRRBP_® A(Jyd¥) + FRAB@DELM _ _ = R, -

53 !F‘(KODE) REYURE . .
14 MDOY 4 DELMeDELT . . .
55 LOG & ACJ,7) * FRAESCALIL TIwALU,T]) o — -
.13 INY 5 ACJeBY « FRAEREACJS+B)}=A2sB)) R e
8y RETURN e e . e
.58 220 YHR = Atd.2) o ——— e

59 MPRBP ®ACLITY .
60 IF(KODE) RETURY .

61 MDor # 0,

62 LOG & AL, 71 . S —— —
63 1¥Y & A{%.8) . — - _ -

64 RETURN._ . i e om . e

65 280 THR = 0, o

64 MPREP w O, . -

47 IF(KOBE) RETURN

T MBOT = 0, .

69 LOG & A{NMITY, 7) .

10 1%y Ammih_:__- - et e e

T RETYRN )

72 ER - i
wenwsl 1470 EQUAL:Tg ot NON~BEUALITY FGHPARISBH wk¥ NOT BE MEANINGPUL TN LoFYNAL IF EwmReSsioNs
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11«2%278 46,150

SUBRQUTINE RTERP(ViLalohe®]
IRTERROLATION PROGRAM CALLED B¥ ROGKET)

IRTEGER ORDER
REAL MSEP

-caMH0N1510a11/ KPREV,HPREV; MPREV.APREV.LFREV(14)-VPREVttdIa

100 J

110
529
130

140
200

OBDER¢14)
cauaon NFST1NSEP9NSP.NHti4IaNSP(295 RuASS, T30, rAV(SITANG (L) (B4,
' PLML2D) sPHTES2), TSEP:3z|.nsEP<33}fTsptaoi.sruteui.Az99.14i

L = LPREV(!)

MAX & NMIT)
IF(V,BT,A(L,
IF{v,LE, AL,
IP(V,BE,A(MA
IF(Vv = VPREVY
B a2

Ve LEcK(Lﬁl;lil @p 1O 200

URN
ETURN 2
B.2003440 . . __

}I AND
)} BEY
£,13) R
{1y 10 e .
JE g L o+ 2

GO Tp 120

JB s L o+ 1

JE m MAX

DO 430 JeJH,dE

JSAVE = J

IFC(Y « LY, AtJaI)) GO To 140

CONTINUE

LleAVE-i

LPREV{L) = L
VPREVII) o ¥
RETURN

END

" LABEL RTERP

PAGE

e
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O 0 ~30 U G DD =
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SVBROVTINE RYIMAY

RBTATION MaYRIK FRUA YopOCENTYRIG{GBO~CEN) 70 'ENERTIAL.

pBUR RECIBION DRO DPCeXpYaTyé e
cOMMO /gid“iii'ﬁigﬁifgﬂgﬁxthT TRO,ESE,BSATESAT T

COMMON/STOROB, X8, 20720, R, BXY ALY SRANLIA’

cOMMaR/SYorRO¥/ R?ft?l___ . )
COMMOR/SYORON/ SEEHY F(14, 5 DRST44)aDPCYL4 ) TERHLL4)¥SPTE,20)

X = a€8) .. .. e e e e
Y & §%2) .

Z = 5¢3)

Rz XeX ¢ Yel —

R o DSORTIQ ¥ Zal) —

REY = DSORTIH) . —_—

ALT = Re RE . . e e —— —
REL » 44000/ . . _

REY! ¥ 1 ,0DOZRRY_ N .

RTIE4) B =S¥R)eRAYY - -

RT1£9) v S{1)eixyl - .- -
RT148) » 0, . . - .

RIIL7) %_=Bi%)aRi .. e e —— -
RY148) & «8td)nRd

RTT$9) » =S§8)aR4 -
“RYL{L) 3 RPTIOTRATL()

RY1§2) = -RY!(;)“RHH!

RTI43) = RXYHR

RETYURN . b e ettt e emiirn e 41 as e+ m vam i s e —esremn ime
END

48;182

g o om mnmau -
v
cmam = me—— — P
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48,154
SUBROUTINE BETIV

INITIALIZES ALL YHE NECESSARY DATa BEPORE STARTING PHASE NO 1)
THIS Rou;INEBIanIGngas s;E:uDT aE INTEGRATING FIRST BY RK4 WITH
TaDTLA ONE BTEP HEN HITH BT= _TWO_SYERS, AND
gﬁHgAkINﬁ AY T-TOSTEINTEGRA}!DN VAR¥%3€%quaTA NED DIFFERENTLY,
IF ERROR | 1E® BEYOND THE ERROER BQUNDPS A NEW BTEP DT IS ITHRAYEN,
NEON ® wi FIXES LAUNCDH AND INERTIaL ORIGINS,
B 0 TAKES LAUNGH IN 6D FRAME:
s 1 TAKES LAONBH IN &C FRAME,

* 2 ONLY AYSOUMES THAT WIND 18 PRESENT.. . __ __.

INTEGER HKSTEP,QRDHR )
REAL LATL,LONGL, LAY sLONGMKSS  HRROP MPL  HDOT4MACH, LCG,LCR, 1YYy HSEP

DOUBLE PRECISION DRS;DPCeAR1LGARZ

EXTERNAL SOLUSD
DIMENSTON, SAVEML4)

H

WO _STEPS, AND

COMMON/SYORGD/ ZBROFONE,P17OP{#HP!TPICF(Q)

COMMON/STOROL/ GH,AR OHESATGH,RE, RO, ESH,B50] #ESQL
COMMON/STORGZ/ PAESD,DENSOyTEMP,SOUNDY, FRESB(Q),TEMPEE®),

' HALYBL9), TSLOPEL?), BoNSY, PRESPDENS, TEMR; SOUND
COMMON/STORDS/ X8,Y0520,R,AXY;ALT, 3RAHLIA

_COMMON/SYORQA/
t

' coMMON/STORDS/
COMMON/SYORGE/
[COMMON/STORO?/

' comMON/SYoR08/
hCOMMUN/STORU’/

' COMMON/STORL0/
4
GOMMON/STOR11/

' cOMMON/STORL A/
COMMON/STOR34A/

I,SRAZ

GOLATL sLATLYLONGL, YHE¥AL, FHTL aGDLA
PHI;RR&MAL4PSIL jBAMALPOL JELGDL#A2G

AT,LATILONG,

DL ,ELGD, AZGD

A .
VY (SIEVAISITVEL s ACO VAL IMpVE I

RYIL?)

TeOYiYNPLaDTLA;DTAL ,TROSRKSFEP,EPB1G, ERTINY,

NGOOD . . .. _—
Eﬁﬁ%iﬁ)fﬂﬁC\iQ)sERN(id).SP¢§.2DF
MASSyMPROP s MPL » SUBM {32) rMROT. THR, MACHI CAL D, 08y

DMINIDMAX2KITE
St19)5F(14,8),

SLORESCHPaLEGILER, 1YY iSY,8
HE,NQ.MLAST[N!ND.HNAZEALO

ALTHIL00)oVRLE £100) sVELN(200)
KEREVIHPREYYMBREY, APREVALPREY $14) 1 YPREVLL4),

OBDEAYL4)

NEMAZaNSMAX iNPL s NANG o NVAR
PR TN e

:

COMMOR NRST NSEPSNSPoNM(14) (KEP{ 20! ,RMASS

' PLM{2D) ,PHTES2), TOEP(32) (MSEP(

IFE(NCON) 10430,

39

NR NP1 JSPENT; J5, JS
4y JPRINT, 1PUNCH, IND
(T30 YAV JaNG(SL)

YHETA,
FEL,

z .
Ry AHLGH  NLEV, ALEV (100},

EQNCON
K
ICALE

32)eTSP20),SPHIROY ,ACO®,14)

LABEL SEYIv
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43
44
45
46
47
18
49
90
91
32
53
G4
55
56
17
58
L1
40

10

20

18,154

CONTIRUE

FIx LAUNOH AND IBERTIAL ORIGINST, i
ENTER HERE IF LAY XND LONG ARE CHANGED,
ARL ¢ GDLATL -.

AR2 = ESO1sDSINCARL)/DCOSEARL)

ARL = DATANRAR2)}

LATL » ARL

THETAL ® =LAYL + HRI

sk s DSIN(ARY)

CM o DCOS(ARY)

PHILRLONGL

IF(LONGL, LT, 0} PUILSYPI4LONGL
ARL = LONGL

S n DSIN(ARY)

CL = DCOS(ARY!

EMS » GRLATLSLATL

ARJ = EPS

SEPS = DSIN{XRE)

CEPS * DEOSEARL) )

RE w ROwSQRYLESQL/t1vO~ESQREMaCMY}

X0 m RE«CHaQL

YD = RE«CMaEL . e e -

Z0 = REw#BM .
IF(IPRIN?.NEzzi RETURN

PRINT 5000, NCON

PRINT 5001, &DLAYLiLATL,YTHETALEPS
PRINT 5002, LORGL,PHTL

PRINT 5003, RE:XD,Y0,Z0

RETURN - - T

CONTINUE ,
INPUT Lauucg ANGLES ARE N GEO-DEYiC FRAME]
ERTER HERE IF LAUNEH ANGLES ARE cHANGED,
ARL = ELGDL

SEL =

CEL = DCOS()

ARL ® AZGDL

SAz = DSIN{A 11

CAZ = DCOS(ANL

AR #SEL#CEPHuSHRI 0 CELRCAL
AR2xDSORY (1, PDUCARIFARL)
GAMA = DATANRARA/ARZ)

DSINCIR L T s e

LABEL SETIV  PAGE
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AR18CEL#SAZ
ARZnCEPSeCELWCAZ+SERBaSEL
PS] = DATANZLARL2ARR!
IE(RS},LT,0,1 PSIzRS1aTP!
EL = SAMA

AZ = RS}

ELGD ® ELGDL

AEGD * AIGDL

30 CONTINUE

ERTER HERE IF LAY, LONG, AND

EL p BAMA

AR © PSI

AR1 = GAMA

5T © DSIN(ARL)

CT # DCOS(ABY}

AR1 =_ PS5l

SU & DSIN(ABY)

Y » BCOS(ARBY)
. ARL = E

SEL = DSIN({AR1}

CEL = DCOS(ARL}

AR1 = AZ

SA7 = DSIN(ARL)

CAZ ncostagii

ARL = SEPS#0X#CU + [FPS#ST

ARz = 1,0D0 & ARLu«E

ELGD = HPI

4w un

IF(AR2 ,LT, L.0Det%) GO TO 3%

AR2 = DSORTEAR2)
ELGD = DATANLARLZARE)
33 AR1 = CTesy
ARZGCERS#CTSCUSERSHHY
- MEGD=DATANZLARLARZ)

If(AZGD,LT,0%) AZGD2AZGD#TAL ~

(2 Xl ¥r]

DT » DTLA
RKSTEP = %

410 IF(RKSTEP ,NE, 2) #0 YO 128

INITIALIZE TME INTEGRATION VAR!ABLES AND PARAMEYERS, ~_
ITERATE FOR GOOD INIYIAL STER DT,

LAUNCH ANGLES AFE ROT CHANGED,

LABEL SEYIV PAGE ~ 3
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127
128
129
130
151
132
133
134

120

{24

125

£8 454
DT w DT/R,0

NR ®» ¢

NR% = NP + 1

T o TAV(E)
THP& i PHTCHRLS
o = T3D

ALT ® TAV(2)

R & RE & ALY

VELATAV(Y) " ¥ TPTUBLILT)VOLIMY VELaVoLIM ' S

VBQ 5 VELesg
WNel, §  wWEs0:
RIwLND LYARES .

READ(ITAPES) (B(l)-!l ’4) ) T
BEZinB3Y/2,0 Benimpgd)nsz

DY 428 Jtt.:!
DA 124 1ag,N0ip
A‘II\“ 04
CONTINUE

READ(ITARES) MAXe(X{I7U)elRaoMAK)

NM{d) = MAX

‘LRREV¢Y) = £,

VAREV(JY 3 At1yJ)
COMTINUE
HDOoY = @,

SUBM{NP) = BMASS &« WAL = Af1,3) i - s

MRREY ¢ 1
HRREY = 0,
KRREY = 1
ABREY * 0,
KETEP®L0 ) NEOHDal
JSs0 § JSERO
INDEX = O

5¢1}) = RacMebL
S5¢2) & R#CMeEL
S5¢3) & RasSM
VIcVEL#CELSGAZ
V3=VEL®CEL#§XZ
VvIuwYEL#SEL
CALL BRTIMAY

- m e e e r— e ey v in m— e =

e ——

S¢41 % RTI(E)e E
SE5) § RTI(2ie¢]

L
A »
-2 —e
—
-

R JE7)e¥3 = 0 EGAFGLZI__" . T
MEGARS (L .

4fev2
5)evz 4 RY liloﬁl *

LABEL

SEYIV™

FAGE ]
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149
170
174
172
173
174
175
176
137
178
179
18¢
181
182
183
184
185
186
187
148
149
i1%0
191
192
193
194
195
156
197
198
199
200
201
202
203
204
205
206
207
eog
209
21ic

130

140

130

160

18,154
S(6) % RYI{BIaUL « RTI(6)WVZ + RTIL(9Iuy3

5¢71 » D,

s{g) ¢ D.

S{09) » eCLAEUSCYeEM § CT#SLaSH « CHeCL#ST .
S€10) » ofUBETRSLeSH ¢ CLeETeSU & OMosl#ST

S¢1k) » OMaGUsBT + SMeST

S€1d) ® CLa5MeNU o CUS(

S{13) ® GLeFHeBU + SLallU

S¢i4) = eCMelU

DD 430 161,44
DRS{I1) = g¢1}
COMNTINUE

IF(RKSTER U@, 3) &0 T0 %00
CALL RK4{14,%00v9D}

JR{BKSTEP A0, 2) 60 719 150

DO 140 I1si,14

SAVE(I) # Sy1)

CONTINUE

RESTER g 2

GG TO 110

EMAX ® 0,

DG $60 [s1,%4

ERR = 0,

IF(ABS(St1})iGY,1,08w08) ERR=ABS(1,0~SAVELTI/SEL))
EMAX ® AqusiEhAi HRRY

CONTINUE

EMAX = EMAX/15,0

IFCIPRINY, en 2! PRINT 5005, DT#2,EMAX,SAVEDS
IF(EMAX o $,0E=0%) 170,170,180
RESTEP = 3

GO TO 114

IF(DT = DMIN} 170,176,190

RESTEP ® 1

GG To 130

IBE(IPRINY NE;2) HETURN
PRINT 5010: Nea

PRINT 50%1, !LGDL SAMALEL
FPRINT 5042, !ZﬂDL.EEIiAZ'

PRINT 5043, T,0ToNF RKSTEP P ——

PRINT 5044, %

LABEL SETIV

PAGE
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211
212
213
214
215
248
217
218
219
220
221
222
223
224
225
226

167154

u
5800 FGRMAT(iHi.!EHTHE BRIGIN AT THE LAUNCH SITE !s FIXED] NCONK.12)

5001 FORMAT(/v2%H GDLATL,LATLITHETALLEPS ®y4(1PEL3,5))
5002 FORMAT(/»33H LONGLIPMIL £ 2(1PELF %)) . e
5003 FORMAT(/s14W RE,X05Y0,20 =74(1RE1345))
5005 FORMAT(/y' ITERATION FOR GOOD STEP S1ZE == n?.enAx-v.zaaa.tog/.
¢! S WITH DY ONB STER AND S WIYH DY/2 TWO STEPS1, /7,
P (E0EL3,57/,4B153,5))
5010 reanart/;/.wnu THE VEHIGLE ATTITUDE AND INTEGRAYION YARIABLES ARE
«JRITIALIZEDy NEON=ZIZ2Y) .
5011 FORHAT(1116H ELGDLIGHHA:EL =3 (4PELTETY
5012 FORMAT(/v15H A2GOLFPET AL »3L1RELE,5))
5013 FORMAT(/¢17H T.DT,NPSRKSTER *)1PE13,5¢1PR13,5,215)
5014 FORMAT(/913W Sbi....id: l-tr(iﬂ(i?ﬂls”ﬁ)!)
RETURN
END

" UADEL 3EYIV

RAGE

6
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SUBRQUYINE SOLWID(K)
EQUATIONS OF MOTIONES IN § DIMENSIONS,

REAL HMASS,MEROP,MPLyMDOTSHACH,LEB,LEP, 1YY, HSEP . .
DOUBLE PRECISIAN DPSLDPC '
COMMON/STOROL/ GO,6R3OMEGAFGM,RE,RO,ESQ, 850116508
COMMOR/STORG2/ PRESP,DENSOyTEMPD,SOUNDO,PRESY(9)+ TEMPBLD)Y,
HALYB{S), T5LOPECD), CoNST,BRESDENS, TEMD, SOUND
COMMON/STOROS/ X0, Y0s20,R,8XY,ALT, SRiHLIA
COMMON/STOROS/ YY¥ (33 VA(3) pVELACC, VOL INyVi ]H
COMMON/STOROB/ RYL}Q) .
COMMON/SYOR0GB/ SELA}.F(14,5),DPS(14),DPCLL4)1BRWIL4)3aP (6,20}
COMMON/STORO9/ MASSeMPROP MPLySUBM (321 HB0T, THR, MACHYE4,AD4 0%,
SLOPE(MP4LCG hUPaI?Y-SVpSZ
COMMON/STORLD/ wE.wn;MLAST,HT DeHNAZiALON,AHIGK, NLEV7ALEV(100},
Abrutioo:‘ngzcin)-vELN(;ngzﬁd T .
COHMON/STOR12/ NEMAXHSHAXNPL . NANG,NVARyNP, NPy, JSRENY; U, JSE, NCON
COMMON NPST.NSEP.NSF.Nutid).KSPizu:.RHASS.T30.TAV(3:iQﬁGt61):5|4 )

PLM(20) s PHTES2) ) TSEP (32 JMSEP(32) e TSP (20 +SPMERB) pA (PP, 14

CALL RTIMAY

CALL ATMSPH .
IF(NCOM,EQ,2) CALL WYERP

GR = GM/tRoR}

5% n S(4) + OMBGA#S({2

S2 o S(5} » DOMBGAsS(%

VT(4} = RTIHL)aSE 4 RYI(2)nS2 » Rr1<3)-s\62 * Wy

VT(E} a RTIM4)aSe % RYI(B)652 & RYI(A uSié) = WE

VT(3) = RTIE7)aSY & ATI(8)a52 ¥ RYI(9)#Si6) )
VSO = VTILI®e2 + yT(2)0a2 » VT{T)uo?

VEL = SQRT(VED)

0S = DENSaVSR#H(3)
CALL ROCKET()TRUE,!
HASS:SUBH(NP!*MPBOP
WTL = 1,0/MARS

AD = CAw0S

AF 5 THR =~ AR

S1 w AF/VEL

AFCL = Siavrir}
AFCR v SieVY 21
AFC3 & 51evT(3
FelsK) = S5(4)

LABEL SOLV3D BAGE

—-—
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8
43 rga.x: $ A i A e 1 = en
4 FE3 s ) . o e e
a5 Fu:E) GRIHTI(Y) ¢ WTIe(RTILL)oAPELARTI(AJRAFC2+RTY (7 )0aFCY} . e _

46 FE5K) 2. GRURATI ¢ WITH{RTIE2)INAFCLeRTI(S)¥APCRERT T (B)nAFCH)

47 Fe6,K1 = GRWR RTE(8)

'
.
-t
Ledtindod

S aAFCLaRTS(6)SAFCESRTIETIRAFCI} i - ]
48 RETURN . . ; . . . R
499 END A .

.
- ———— = wy @ Bim

o ———— e
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SUBROUTINE GOL¥SD(R)
EQUATIONS OF MOTIONS TN 5 DIMENSIQNS,

REAL HASS,MEROM,HPL MDOT4MACH,LCE,LCPy 1YY, HSEF NA, NBSLSH,LEXCE,

JDCON

DBUBLE PRECI!IGN DPSsDPLeARLSAR2, v, Y2, VY

COMMON/SYORQL/

_cOMMON/SYORER/

.COHMUN/S?OROS/

COMMON/SYOROG/
COMMON/SYORDS/
COMMON/STCOROQA/
COMMON/STORO®/

' COMMON/STORY,0/

[
COMMON/STORL3/

GO ,GRLOMEGA, GHM,RE,RQ,ES0,ESOIIESQL
Pﬁssu.newsﬂ;TEHPo.sauNDo,PRssB¢9:.TEMPB¢9).
HALTB(G), TSLOPES), BoMST,PRES+DENS, TEMP, SOUND

X0,Y052Z0,RyRXY,ALT,9RiHLIH
VY (3), VA(S) VEL.Acc.vﬂLlanLIH
RTlC?)

St14):+F(14,5),DPS(14)1DPCY14)+ERWN(L4) 5P (6,20}
MASSMPROP, MPL,SUBM{32) . MDOT, "HR,MACH CAAD, 03,

SLOPEICMP4LCGSLOP, 1TY1SY, 52

WE, NM-MLAST:HanoNNAZ&ALOH,AHIGH MLEV,ALEV(100},

ALTHtlUU)-VELEtiooiuVELN(iuq)

NEMAKSNSHAX NPL ) NANG,NVARSNP, NP1, JSPENT,JS, JSE, NCON

COMHON NPS?!NSEP.NSFoNHt14) KSP(20),RMASS, T30, TAV(I3VANG(61)rB (4},
PLMfZU)nPHT¢52)-TSEP(3235MSEP{32)!TSF'203:5PM!20):A{99.14)

EﬂuIVALENCE (SP9 ), RMLL Y, (S2L0),RML) S (SCELT,RN31Y,(5¢12),RHL2),

CSP133fRH22)4(5(14);“”32)

RM13 s RM218RM32 - RM31eRH22
RM23 s RMILWRML2 « RM1i1uRM32
AM33 = RHILWRM2Z = RM216RMLZ

CALL RTIMaT
CALL ATHMSPH
IF({NCOM,EQ,2

} calLL WYERP

GR & @M/ {RaRk}

WEC = WE + MMEGA4RNY

Vi ® S5¢4) = RTI(L)adN « RTI{4)eWEC
v2 s 5¢5) = RTI(2)eWN « RTI{5)aueg
Y3 = 9(6) = RATI(3)edl = RTI{E)SUEE
yALL) = RMILeV: + R421ey2 + RM3twey3
VA{2) © RM12#VL + RM22ay2 + RMB2ay3
VA(JY = RM13wy1 & RY2Jay2 + RMIZay]
VTi3) = RTIET)evi # RTI(B)eV2 + RYI(9)ayd
VSORVALLI#a2+VA(R)an2eVALS a2
vELRSORT(VSR}

0S=DENSeVSORE(3)

CALL ROCKETE,

FALSES)

LABEL

SOLVSD PAGE i



@302 01 ste20e7s  aeady 0 T . . LABEL .80LY3D_ PARE__ ___ 2
43 MASE=SUBM(NE § +MPROE . e

44 WTI8470/MASE A .. LTI -
45 AD=BARQS . e m e e ..

.46 AR o THR. 5 AP _ . . e e e e e

7 ARL 5 VAY3)/CARL) o _ . j
48 ALFA w DATANEARL)Y e s e e e o e e —

€ ANL = VATR2)Z0ARLY | R - — —

L] BETA » DATANLARL) _ T L L e L T .
51 NA=BLOPERALEA#RS e T e e

12 NOz§LBRESRETA®NS

3z . LEX8GeABS{B12)oLEBG) e e . e
54 JOCBN = MDOYMLBXEQ e e e e e e [
35 PDCOEF = 0, shcupun!uam/veu w JOBONALEXEG e
56 Jbcan = Jncﬂmz. e, .
57 TERM ¢ 1,0/1%Y

58 SE = BL2)YERH. ..
%9 SE n S{8)+TERM

40 AQ » RBwyJDCRN#Sz . e —— TR LTI T I
81 AW 7 KA+ JDCONeMY
62 LSH®ABS{LCGwLCP)

43 FE€ &.K) » sk

&4 FC 2.K) &.S35). . .. . — e

S48) ' . o

4 Ft 4,80 & GRWRYIR7) o WTIefRMiSWAFURMABSRGCAMCIOREY  ~ T e
87 F¢ $,KY & GRYRTI{B) ugumnnnmur_ngg“a_mﬁzs_ﬁu% B - _ o .
a8 FO 8,60 & GR¥RTI(9) & WYI#{RMILeAFRRN3I2eAGERISINAHY "~~~ B o o o
49 F¢ T,K) wHAS SH 3 FDGOEFGSY - N L e - . . _ -
70 Ft §,8) NBeLSH =, FRCOEFuS?

71 Fe 91K
12 Fe1RK?
73 Fe1s,K)
74 Feid.K)
75 Fe13,K) = «BM24487 e . , ] — e e
76 FE1d,K) » ~BMIfe§Z .. . . e
77 RETURN .

RML2aS? & BNL3eSY . . ) L e
RM32eS] w» RM23wsY e . ] .. .. .

RH32eS) = AM3IZASY - s ——
wBMiteH2 e . —— . —_— - ..

43 NN 8NN R %NS

78 END T e T
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1 SUBROUTINE SPENT(IROT)

2 c CALCULATION OF TRAJECTORY FOR THE SPENT BTAGES,

3 g .

4 INTEGER RKSTEPjOBDER . o . o i e
5 REAL LATL,LONGL,LAY,LONG,HMASS,HFROP, MPRL, ADDTIMACH,LEG,LCP, 1YY IPT,

6 s . IPAL,IPR,MSEP

7 DOUBLE PRECIBION DRSIDPCeARLGARR

8 CHABACTER NAMEaBE

g EXTERNAL SOLV3D,d0LV3D

10 DIHENS1QN SAVE}20,11) - e e oot e e
11 COMMON/SYORED/ ZBRY,CNE,PI1§OPLsHPI»TPCF(9) -

12 CDMMON/SYOROA/ GH,GR,DMEGAGM,RE,RO,ESO,ESnI»ESQL

13 COMKON/STORYOZ/ PRES0.,DENSO; TEHPD,SOUNDD,PRES' {9} TEHPGELD),
14 N HALTB{9), TSLOPE(S), DONST PRES ¢ DENS; TEMR, SOUND

15 COHMON/STQRO3I/ XO,¥0iZ0,RsRXYALT, SRaHLIM

16 CONMON/STORD4/ GDLATL LATLZLONGL, YHETAL ;PHYL2GDLAT, LAT LONG, THETA, e o e e — e
17 ' PHI§G:HAL.PSIL|GAHA.PSI.ELGnL'AZGDL,ELGD,AZGD.EL.
b ¥:] 1 . AL,SRAZ
19 COMMON/STORGS /- VT(3)aVA(S ) . YEL,ACCSVOLIMpvVLIM

20 COMMON/STOROS/ RYILG) .
21 CBMMON/STORO?/ TiDY;TNP1.DTLA,DTAL,TBO,RKSTEP ,EPBIG,EPTINY,

22 ' DMIN;PEAX+KSTEPNGOQD _ o , . e e e
23 COMMON/STORDB/ srza:.rt14.5:,nﬁsc14).npc&zg)-enwtxd).spté.zoI

24 COMMON/STORGY/ MASS,HPROP,HPL,SUBM{323,MD0T, THR, MACH, CAAD,QY,

25 ' SLOREZCMP4LCGSLCA, 1YY,SY,87

26 COMMON/STORLO/ WE, WNSMLAST)WIND WNAZ;ALOW, AHIGH, NLEVSALEV (108},

27 . ' ALTWIL00) o VELECLOOS sVELNC(I0D)

28 . COMMON/STORL1/ KPREY,HPREViMPREV,APREV,LPREV{14}VPREVIL4), . e
29 ' ORDER{L4) .

In COMMON/STOR12/ NEMAXaNSMAXNPLNANGsNVARYNP,NPL, JSPENT, S, S8 NCON

kL1 COMMON/STORL3/ APT;APAZ,APA,APR.B0Y,BoA,B0R,BovL.BOEL,BOAZ, IPT,

32 : IPAZLIPR

33 COMMON/STOR14/ 1TAPBL1TAPEZ,1TAPES, ITAPE4 IPRINT, 1PUNCH, INDEX ’
34 COMMON/STORP?/ NAME{ARRAY (800§ o . I . L. _ -
35 COMMON NPST,NSEP.NSRaNM(14),KSP(20} ,RMASS, T3T, YAV ) /ANG(61)+B(4Ts e e o e e e
36 ' Y PLM(2D)uPHT 32}, YSER (32} 4MSEPL{I2)eTSP 203 )5PME20),A(9%,14)

37 EDUIVALENGE tARRAYL) Y [SAVEfLel))

18 c

39 "SAVEQD = OMEGA

an IF(IRQT.EG.M GHEGAE’:;aniu - - - e m em e aidime -

41 REWIND ITAPEA4 o Te——- -

42 DB 700 IP=1,NPL
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43 HAL & PEMeIBY

44 PAINY 3000 _ }

45 PRI _g;g.___?ng.uﬁr.uau.Azanucrul

46 (gusham 0 o
47 "E%ngs, STIEQNY P ﬂjr:_i"ﬁxa. WINBaWNAZSGF (137 ALDW, AHTGH
1 1R (NLEV, 87,00 FRENT 1043

19 IBIT-E!I;,HQ_,U__!!!JN_ 1034

g0 [5(LROY Ak, 0 !a;u! 045

51 IE(NGM, NN, 0) GN Yp_id

92 PRINY S04 = o

53 RETURN. . _

54 Lo TECYPRINY.ERS0Y MRIRY 1020

95 DB 00 1&etglANG _ _

;6 ECGhL_» ANSUYAY __

? e e e

58 DB_SON_ K¥1NWP R
59 B1) K 0, e .

60 Be2y W 0, . .. ... _

61 Be4) © @y . .. .. ... .

62 READ(JTARE4 Y T8 k) ZBAH (K) 18(3)

63 BE3I) ¥ BISI/3.8. .

84 no o Jsbedd . - ... __. . . e
65 MAX & 2 . ..

66 DO R0 TafyN¥AR . _ |

&7 ACIw ) 0, .

68 20 CONTINUE . _ . _ . .

49 IElJtLT;‘ .aa.l_.dfn.t ,u. ﬁg. T0 2% .

70 REAB(ITAREA). MK (R EIPNTS ¢ -
71 21 NN(J) = HAX.

72 LAREVCDY = &,

73 VAREVES) * AdiyJ)

74 B30 CONTINUE e .
75 REAR(ITAPE4) (%(d)1i1ns,6)

76 DR A0 Ymd,6 .. _ . . . . ——ee -
77 DASEID ¢ Se1}

78 40 CONTINUE

79 NR n BPHAXeS .

80 NRL » BP + &

81 L N[ \ .

82 WJ30 . NEMAX e

83 T = TOPINY . .- e ee

84 TRPE ¥ _PHT(HN1Y_ D o

.l -
ELELL

LAREL SPENT ~ PAGE

2
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a5
86
87

48
89

119
12¢

125
126

DT = DTLA

SUBM(KP)Y = BPMIX)

KRREYV = 1

HPREY ® MALYA(Y)

MRREY = 1

APREY = ZERD

RKSTEP = 3

KSTEP 3 10

NGpeD = 1

CALL RYIMAT

514 = RE/R

CALL AZRAN(S1eS(1){S1#S(2;515{3),T)
WE & O

WN = 0+

IR(NCON,EQ,2) BALL WYERP

SA » B4y + DMBGA#S(2} .
52 w §{5} - DMBGAsS(L) .
VT(h) = RTIT2ImSL + RYI(2)#S2 + RTI(3)eSH6)
VT{R) = RTI(A2aSL + RYI(%)#S52 » RTI(6)a5%6)
VT(F) = RTILTIwSYL & RTI(BINS2 ¥ ATI(P)aS(6)
VS0 & VYTL1)w¥2 + yY(2)end ¥ yTLT)en2
VEL = SQRT(Y%Q}

AR1 = «yT({3}

ARZ2w SORT(VYL1)ww24yT{2)ne2}

ELV = DATANUARL/AR2}

ARL = ¥Tt2)

AR2 = VYE1) )

AEM = DATANZ{ARLsARBY
TFLAZM LT ,0,) AZMRXIM@TPI

SAVE(K,1) = TSP(K)

3

SAVE(Ks2) = BPM{K)25H

SAVE(Ks3) = ALY

SAVE(K,4) = BRacF(4)

SAVE(K)5) = SRAZWCE(1) o
SAVE(K:6) = VEL

SAVE(K)7) 3 ELWeBF L)

SAVE(KsBY = AZMaGF 1)

INDEX = D

IF¢IPRINT,NELQY) BRINY 1047, KeELGDLACF(E)

CALL RK4t6,30LY3D)

50 CALL PCHE6,50LVEN)

LABEL &PENT
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RAGE

LABEL MPENY A
127 CALL IRSTEP{%50,%60) :
128 60 CALL RAK4§6,50L03D) — -
129 IR¢(ALT(LY.HLIMY B0 TO 79 o
13 _ CALL IPSTEP{%67,96) e .
131 70 CALL TRCAL ——
132 SAVE(K19) = T - R
133 SAVE(K 408 ERNCF (M) .-
134 SAVE(K,11)» SRAZWCF(Y) - . e
135 %00 CANTIRUE - e e ———
136 . IR(IPRINY.EGY0} A0 YY 5093 L
137 PRINT 1001 i _ _ - .. e e e
R A - - S
1 05 DO 549 ——— —— - . et
140 PRINT ;oan. !LanL«Erigi K £SAVEtva);l&;v11) . o .. —
141 510 GONTINUE - . ———
142 800 CONTINUE | — — _—
143 900 contTINUE — - i . e
1:; . OMEGA ¥ SAVED - - .- e
1 . d
146 1000 FORMAT(1HL,28HKASA WE['LOFS FLIGHI_E E;_ 2%H NIELEIB Isilﬁn- vﬁl . e - o
147 (GENTA§//737H TRAJEETERY BUMMARY FOR SPEN ivi@ss;l‘"T . ) -
148 1001 FORMAT{L1HL) — N e ——
149 1010 FORMAT{134 VEHTCLE |_.Aan,/.iayjP!!.Laipv i 1FU_3LQ¢M LBE YFAREN _—
1:0 ' .TevEHgngnémgn LagNgH :ﬁlgnaf;ha;vﬂ DES Y, Fy7/ T - T
191 11 FERMAT(L3H ] A — o .. — e .
192 1012 FORMAT(I3H HIND JF7, 2480 FIVSRE, PTIZoA0H DEG NURIN AReTy ) T
133 T13xy5H FROMyES 186N r= 10.&9.1:53 ETy T : . T
194 1013 FORMATLLZH HIND _ x ,3cKvARIapE WIRD sﬁ"PE;,_LE___r_gggn e
135 1084 FORMATILIH BARYH 1 2GANON~ROYATING ]
156 1045 FORMAT(13H EARYH .HHRISMUQG H@ﬁEL _ ]
1;7 1916 reagazc///.;eu M:s!:ﬂu INPOT DATALZ/548H DRAY VABCE RUY BUMPLYEG F . T o
158 +OR SPENT STAGE} L
1%¢ 1017 FORMAT (1K1, FHDE?ATLSD PRINT~OUT gF SFENY é?Igg -:Ti*!fﬁ'?ﬁiﬁﬁﬁ?ﬁi" .. e
160 Yk 3H WHERE ENT YEHICLE LAUNGH BL W &H e
161 ;544 URITS & Ps -SDEGRRE} EXOERT RANBEYNN) 53_ CCVE0Y, 4 /7] i 5 ~ -
122 1020 Fangk;t;gx.geHs ; P[ h :R/ ;H ! u!c‘giimlﬁgx%; H!'*Hfhé 5: [ i i ) B " O
163 T e ROXITP(LHw) L EXTRB[LH LAUNCHo 4%, SHNO Y s 6Xa aRYIME S XPEH _ o T
164 YGHTY8X, SHALY, 7R g gae.axgzﬁngaxigﬂLEvag QBELYEEL?QﬂrGHF H! B LT
185 |1va4NTIHE:5ﬂ;5H§A Gﬁ‘6X¢2HA27/3§H EL\BEEI.szrsﬂ{sEﬁTIix]§HisEﬁ§t ) T
1686 ToBXs AMLFY), A%, AHANM) 78X BHEDER ) s Sy uaHeFT 75K ), SxoBH (DEA Y, 5% SWenid ’
167 .:.1nxfﬁu¢ses;.43.4mu:.ax.mgmmm - o o
148 1030 FORMAT{FA,2¢154F11,84F10,2¢F20,0,F1Y 2.Fiqlzor1z&g;gng_g Fa¥ve,” ) ;
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169 FP.2,F10.2)
RETURN ' '

170
171 END

» - v w e

TVNIDTH0
;
|
E

. ST @ovg

. mﬂ@ H(}Oc'[ Jd0
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OGN T AN

SUBROUTINE YPLASH_

CALEULATES TRAUEBTURIES Foa WIND EFFECTSS

INTEGER RKSTHP

EXTERNAL SOLY3D, doLVYD

CBHMON/STORQS/ X§,20,20,R HL,
COMMON/SYORE%R/ vf¢S!.UA¢B)rVEL-Acc.v0L!
caMHGN/sfono?/ TeDYETNPLeDYLA, DAL THO,
N DMIN;ONAXZKSTER,NGOlD

cALL Rk4Tiss80LVSDY ~

100 CALL RCMY¥14,50LvSD}
IF(T=760} 100,110,110

1i0 K3tEP = 6
2en CALL RGMCé;SDLVBD)

IF(VT¢3) ,LY}0,0) a0 yo_206_

KSTEP = 2
300 CALL PCMts,5DLYIM)

CALL IPSYEPE33G0s5406)

480 CALL RK4(6.50LY3D)

IF¢ALT LT, HLIM) &D YO 300

CALL IPSTEP{S40048H
%00 CALL IPCAL

RETURN

END

(1B

JBXY;ALT, SR.

L
M
R '

vL' . L
KSEEP JEPBIG, ERTINY,

ra

o mmne ay e —e  mamerld ek 4 e TRt =y e e m md

UABEL SPLASH FaGE




998649 01 Jt-p21-76 15,819 LABEL- TRRINT PAGE - ---%

3 SUBROUTINE TRRINT(K,L) : -TPRINT . L -
q Q. DETAILEN PRHT ouTr QOF THE TRAJECTI’)RY —_ - _ e e .
SN TN . I oo e e e e n + —_— S _—_
4 INTESER RKSTE# . - . P T
] REAL LATL,LANGL,LAT,L.ONG,MASS, HPROP, HPL, HDOT, MACH;LCG:LGP;IYY MSEP e e -
4 DAyBLE PRECIS(ON DPS, nPc.AR1 AR2 - . - -
7 DIMENSTON C3P(2) . ‘-
B CAOMMAN/SINRAN, ZERD,ONE,P1,0P1,HPL,TRBL.CF ¢9) - - e e
—8. . . COMMDH/STIRALZ GO,GR,OMEGA+GM.RE,R0,.BS0,ES01,ESQL_ . — .. ——— -
14 - COMMON/BTORAS, X0,Y0,20,R8,RXY,ALT,SRAHLIM - - .. —
1% N COMHON/STORN 4/ E‘DLATL i.ArLaLDNGL.THE!AL.Pm]_.sm.u,ur,t.nua.THETA. . . o
12 C PHY,GAMAL,PSIL,GAMA,P3L,ELGDL, AZADL,ELGD, AZGD,EL, . e . erme—
13 ' AZ, snnz - o e .
14 COMMON/STORYY UT(:S) VA(I ) VELLAGC, VL IH,VLIM .. ;
L e L .COHMON/STORBAL, RT ;_w: o —— e e vaenn e e e e
1§ COMMON/STORG2Z T,.0T,TNPL, DTLA DTAI,TBB RKSTEP EPBIG BETINY, ..
17 . L DMIN,OMAX,XSTEP,NGOOD . - —
18 COMMON/STORIB, S(141, ru.a S1+DES{LAVINPCIL4)  ERH{LA),5P(6,20¢ I
1y COMMON/STORGD, MASS,HWPROP,HPL, SUHM(32),MDOT, THR,MACH, CA,AD, IS, - i}
23 . SLIPE.CMP,LLCG4L.CP, 1YY aSY,52 . .
2% Se—mn - COMHON/ZSTOR3 2/ WE, uu,musx,umu.limzﬁu,uu AHLGH NLEV WA LEVLL00Y pn o o et e o .
23 . ALTW(100), vELEtluuhVELNtlon: . - .
23 COMMON/STNRL 2/ NPMAX, NSMAX;N"L;NANG NYAR, NP (NP1, JSPENT, JS,J50, NCON . .. .
24 . COMMON/STAR%4/ {T4PEL, 1TAPERZ, ITAPE3, ITAPES, IPRINT, IPUNCH, INEX .. .
25 COMMAN “IRST ;NSEP,NSP, NH(i-n 4SE(ANYAMASS, TN, TAVC(SE)LANG(OLY  B(4Y, .. - -
26 . PLM{28)Y,PHT(32), TSEP(32), ﬂsePtsz:.Tspczoi.samznuun,u) . )
2§ o e MIA 1RREY, esw 0, 1H0,-1H1y . R — . e ———
2 c ) .
29 CAlLL FXRBT(73,1,1,0) -
31 IF{INDEY ,EQe 0) PRINT 1000, CSPY{IPRINT) .
31 1 aT .
32 IFtl JED, 03 80 Ta 1 . . ;
33 e — v AF(L- 4yEOs. A} 6N To.1 . u — e e e e . —
34 TF¢E LEQ, I8MEV) RETURN L
35 1 IPREV = T
36 INDEX = INDEA + 1 — .- o
37 IF(MOD{TNDEX »28) ,50,0) PRINT 1000, CYPt2} VR
38 Y
39 — -  ETa.m 0, . S, s e — e e
40 IF(T :6T, TROY GO 0 15 j
4% ARL 3 SORT(VA(2)v02 + VAL3)owZ)

42 ARZ = ARS(VA(1))
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15,839

LAREL TPRINT

PAGE 2

iy U Rp U SRV VUMDV U ) RS

- 4:5 . ETa = DATAN{AR1/ARR)
J— Y e -— S1aS(41:0QMEGAeS(2)
4. . -5R2:55104EGAS{LY . [ Tp— Ll an At ottt atmamarm—n e e
Af VI(11 = RT1{1)aSt + RT1(2)982 + RTI(3)#5(6) = WN
— a2, . YT(2) = RTI{4)6S1 ¢« RTL(5)852 ¥ HT1(8)e5(8) & HE
AR T3 = RTIL7YaS1 &+ RTI(B)I®S2 & RTI(9)14S{s!} - -
A% 15 YTii) = VT(A) « HI *
PR DR YT(2) = VT(2] » WE
51 81, 3T (A2and s LI42iand . e e
.52 - VELD & SHRATL{YT(IJwa? & 51}
5%- - ARL & =UTe3} -
.. 54 s ARZ2 = SRRT(3L) -
- ...55. - ELE = DaTAn{ARL/ARD) .
B& .. - - ARS % VT{2) . - - -
—_—B e AR2 3 YIL{El - e e e e -
58 AZl % DaTad2(aR1l,4R2)
— 5O _ IF(AZT, LT, 04! AZluaZlaTPl
RN Y ¢ IR §1 = RE/R B -
63.- GALL AZRAN(S1aeS(1), StnS(zlcsuSt&hT! -
R Y SR 3 D,5«0%5/8(3) ..
Y S QALEA.& QaEXSaCE(Y) momamern e e v e
.- 64 . . .. AL 2 0, —— 8
RT3 J— Jor =2
.1} - - bg 20 1=%.3
67 - JaJts
68 - - 31 0 RYT(J1aF(d4,K) + RIT(J+L1#F(2,K) +« RY|(Je2)eFl6,K) -
b, - LO®EGARe2)o (YL )eSLIYsRTI(I32)08(2)Y o _ . _ .
74 2,0a0MEGAC(RTI(Jet ) #S{4d-RTL (2 25(5})
[ & SRR ACC. 5 ACC * S{8082
7%~ . ———-. 20 GCOKTINGUE
73, ACC 3 SORT(AEL)
74 PRINT 12t0, T,SRecF{4),SRAL«CFLL),ALY; ELEsCF (1), AZ1=0F (13, YELD, .
_.15—_- -y ACCLS 0,tu,ﬂH.ruR.AD.O,E;LuC;u.JJALILMSSABO.M_“
76
7 1300 FORMATL AL,! TIME RaNGE BEARIMG ALTITUDE FLY/EL FLYZAL VEL
78 —— LOCITY aAfC  dHACH THRUST DRAG. D/PRES. .. ETA GALFA WEIGHT WIN.
79 co—mr -+ +DN  WINDE!, 2/) ———— - ———
- B3 ...1310 FORMAT(1X.F¥,2,2f8, 2-?10.0:2F8+2¢E1n294!_l.l.+!6.2..}:n.ﬁ;r1 n.FLnL. -
a1 F2.2,E7 8,FA,1,2F%,1y. ...
82 —— RETURN ..
83 - END
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SUBROUT[NE KCORSY
CONSTANT WIND TABLE,

COMMON/STORQT/ ZBRD,ONE,PIiQPLI,HPISTPI,CF(9)
COMMORN/STORL0/ WE, WNaMLAST ;WIKD HNAZ; 41.0W, AHIGH,ALEYTALEY (10D,
ALTWIL00)oVELERIOO ) sVELN(10D)

WAZ = AMOD(WNAZ+PI,TP])

ALTWIE) ¥ ALOW

ALTW{2) = ALOW + 0.1
ALTW(3) = AHIGH

VELE{Ll} = 0

VELE(2) = NéNDnSIN(wAZ)
VELE(3) & VELE2)
VELN{L) = 0

VELN{2) = WINDwCOSLWNAZY
VELN(3) = VELNEZ)
RETURN

END

LABEL WCONST PAGE =

i
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NP O a@NO M AR

[ A ke
YT T N

na o AR R A
[ RN R V]

i Gl T G DY R DD
HMoE 20D~

[ARS R
oW A

$1e2%075

~cunmnu/svonsu/ 1 WN;MLAST:H[ND.HNKZ;QLOH
ALTN!EBD).V!LE £004 rvELNCE0D)
COMMDNISTURtI/ KEREY yPREVIHP FV,APREV.LPRE

l
EQUIVALENCE fab¥arl .

io6D

110
120
130

1490
2go

210
220

28i172
SUBROUTINE NTERP

INTERROLATES NORTH AND EASY WIND cOMPS FROM HTABLE,

INTEGER ODRDER

LABEL WTYERP

[TY:13 1

COHMON/STORQS/ X§,80,30,RsRXY ALY SRaHL1A

QRDERY{L4}

-l:I

M z HRREY

IRCA, BT ALTHEM)
IFch 16Ty ALTHENLAST) Y 60 10 2
1E¢A LT, ALTHRLY) S8 TO 230

35:* + APRE¥Y 100,2107410 o
JE # N+1

G0 TO 120

JB o N+l

JE & MLAST

DO 430 JaJBaE

JSAVE = J o -7

IF¢(A +LT, ALTWRJ)) GO To 1#0

CONTIRUE

M gz JSAVE = %

MPREV 3 M

ABREY » A

FRAE 2 (A~ AL?thr):lkLrth*i!-AL$utni:

WE & VELE(M) + FRAEWBYELE (ML} VELE (M)}
WH ® VELN(M} + FRAGWCVELN(M*LI~YELN(M)}
RETURN

NEHU:

WN % 0,

RETURN

ENB

ANDT Ay LE"ALTN(H*'IH 60 Tn 300

[ N B




