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AFIT/GA/AA/78D-1
Abstract

The impact area and regions of high impact probability
after booster failure were found for a samnle space system.
The impact footprints were found to be drop-shaved. They
increased in size as the residual velocity vector elevation
aporoached the original fl! tht path, or when the booster
failure was assumed earlier in the boost trajectory. Froba-
bility densities at impact were found, and plotted against
the longitude of impact. Singularities in the vrobability
density were discovered. The singularities correspond to
areas of high imnact orobability, and occur when a maximum
latitude or longitude is obtained at a fixed residual velo-
city vector azimuth or elevation. These singularities were
plotted along the impact envelores. A sample failing booster
system vas used to demonstrate the imnact area and probabil-

ity characteristics.
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PROBABILITY DISTRIBUTION OF IMPACT FOR
A SATELLITE BOOSTER AFTER LOSS OF CONTROL

I. Introduction

Background

In light of the recent Soviet satellite reentry and
impact in Canada, it is becoming more important to determine
the impact areas and probabilities of failing space systems.
The main reasons for concern are the possibilities that
there are nuclear materials on board, in which personal
safety is endangered or that the system is highly classified,
in which national security is endangered. Of special interest
to the United States are the slightly retrograde orbits
launched from Vandenburg AFB, California. These type of
orbits pass over Moscow in the first revolution, and might
be cause for concern in the case of booster failure.

The objective of this study was to demonstrate a method
of predicting impact areas and probabilities for a failing
booster system. A booster is launched and, at some time be-
fore orbit injection, suffers total loss of control. The
vehicle follows a new trajectory to earth iméact. The posi-
tion of impact and the probability is calculated for each
possible failure. The launch to impact trajectory is rerre-

sented in Fig 1.

Approach

The booster equations of motion were first integrated

to a circular orbit. This was accomplished by setting final
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orbit conditions and solving the boundary value problem.
Once a launch-to-orbit trajectory was obtained, the equa-//
tions of motion were integrated to several times lower than
the time to orbit injection. At this point, the residual
velocity was applied in one of many failure directions. The
vehicle position and new vehicle velocity were obtained and
the orbit they define was found. From the orbital elements,
it was determined when and where the vehicle impacted the
earth. Knowing the impact point, the probability density at
impact was found by propagating the probability density at

failure, through the new trajectory, to the ground.

Scope

For this initial study, the scope of the problem was
limited. The booster was assumed to launch easterly along
the equator, through a vacuum, to an arbitrary circular or-
bit height. The booster was mecdeled as a simple single stage
booster, with a constant thrust profile. The number of pos-
sible failures was limited to a small, representative sam-
ple. There are several other less important assumptions made
throughout the body of this report.

The following chapter addresses the problem solving

procedure in detail.




- b 3 R
DR TR MR o i i

'..".I

II. Procedure

Launch to Orbit Injection

The beginning stategy was to find a launch trajectory
that terminated in a circular orbit. Obtaining this trajec-
tory requires the solution of a boundary value problem,
using the equations of motion for a gravity turn trajectory

(Ref 5:335-43).

% - Vcosy =0
h - Vsiny = 0
‘ : BVE
V + gsiny - — =0

7+ BEEEY -9
h+ 8

0
T = ﬁVE

In these eguations, x and h are the vehicle range and alti-
tude respectively, V is the velocity magnitude, v is the
flight path inclination with respect to the local horizontal,
m is the vehicle mass, g is the rocket mass flow rate, and VE
is the rocket equivalent exit velocity. The launch rphase is
illustrated in Fig 2.

There are several underlying assumptions used in ob-
taining this set of equations. First, the trajectory is rel-
ative ﬁo a normal reference frame; therefore, the local earth
must be assumed to be flat. Second, flight is assumed to be

in a vacuum, negating the 1lift and drag effects. Thirdly,

the thrust is assumed to act parallel to the velocity.

Other assumptions were made to simplify the boundary
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Fig. 2. Booster Launch
value launch problem. The mass flow rate, 8, and the equiva-
lent exit velocity, VE' were assumed to be constant, result-
ing in a constant thrust profile. The gravitational acceler-
ation, &, was also assumed to be constant.

The boundary value launch was executed as follows. An
initial mass, and anprorriate values of thrust, mass flow
rate.'and equivalent exit velocity were chosen. The equa-
tions of motion were integrated through a number of differ-

ent burn times, and the resulting flight path inclinations
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were obtained. The integration routine used was ODE, an

ordinary differential equation integrator found in the INSL
subroutine package. The buin time to zero path inclination,
when the booster is parallel to the earth, was found using
the Aitken method of interpolation. The Aitken subroutine,
INTERP, is also found in the IMSL library. Integrating again
to this burn time gives values for path inclination, velocity
and altitude. To achieve successful circular orbit, the final
velocity must be equal to the circular orbit velocity at

that altitude. The initial value of mass was changed to ob-
tain this reguired boundary condition.

The method used in changing the initial condition, mass,
is discussed here. Rearranging the equations of motion gives
an equation for instantanesous change in velocity for a
change in mass.,

av _ -T sinY

dm -~ Bm g (]
The required change in velocity is

AV =V - Verre

v —r ‘
CIRC Rg + n

The first change in mass becomes

where

it

_ -.Av
Am = —EE—
dm
This change in mass was added a number of times; the
equations of motion being integrated to a horizontal flight

path for each mass increment. Again, the Aitken interw—ola-

6




tion scheme was used to find the initizl value of the total

mass which satisfied the boundary conditions.

; The interpolated values of mass and burn time were then
'& used to integrate the eguations of motion to the final set
E of parameters.
:E Booster Failure
fi Booster failure was modeled by an instantaneous change
; in direction of the residual velocity at a given time in the
f booster trajectory.
A time decrement was chosen and subtracted from the
circular orbit trajectory burn time. The equations of motion
were integrated to the resultant time, which gave a set of
parameters before orbit injection. The magnitude of the re-
;E sidual velocity was found by subtracting the final velocity‘ﬁ'w{ N
:; from the circular orbit velocity. _ v;,,éc' c?p;rifef tfv(
< Vg = Vorre = Y JA 7 T

It was assumed that the direction of the residual ve-
locity could be towards any point on a srhere surrounding
the vehicle. For this study, the direction was incremented
by 30° in azimuth and elevation, to give a total of 62 vos-
sible directions. The increment was decreased later in the
study to achieve a better understanding of the probabilities
of impéct. The sphere of points was defined with the polar
axis along the local vertical, as seen in Fig 3.

The components of the residual velocity can easily be

found, as shown in Fig 4.
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Fig. 4. Residual Velocity Comnonents

VRx = VRcosacosé
vRy = VR31nacosb
VRZ = Vpsing

where

the 2z axis is aligned along the local vertical
the x axis is in the plane of the original flight path

These components were then added to the flight velocity
components, x and h, at burnout to give a resultant velocity
after booster failure, herein referred to simply as V. This
velocity and the vehicle position, as found through the equa-
tion integration, gives the information needed to propagate

the trajectory to imract,




Flight Trajectory Frovagation to Impact

< The requirements for this part of the study were to see
ir the booster impacts the earth, and if so, where it impacts
and how long a time interval it covers before impact.
The method used in finding these answers starts with
the conversion of the vehicle velocity and position after
failure to the orbital elements. Using the orbital elements,
it is simple to check if the vehicle impacts by checking the :

orbit perigee height. If it does impact, the angle traversed

and the angle of deviation from the original flight path can
be found. Knowing the angle traversed, the time of flight
can be calculated, and the impact latitude and longitude are
easily obtained.

The vehicle velocity and position after failure were

converted to the necessary'orbital elements(Ref 3:17-26).

h=%x7V

A_l 2 Ll_—- =2 oV

e—“[v -r)r— (rV)V]
2

p = B

- Tl

a = —P

Using the calculated parameter and eccentricity, the orbit
perigee height was found and checked against the earth radius,

which is assumed to be constant.

R = B
PER 1 4+ e
r . check RPER < RE

If the perigee height was greater than the earth radius, the




Fig. 5. Vehicle Orbit to Impact
vehicle would enter earth orbit, and those cases were ignored.
If the perigee check indicated that impact did occur, the
angle the vehicle traverses before impact, ¥, can be found by
Y= 21 -y, .-y,

where

% is the true anomaly at failure
v, is the true anomaly at imnact, as seen in Fig §

These true anomalies can be calculated using the equation of

a conic section.

The angle of inclination, ¢, after failure is found by
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¢ = cos Dﬁg

h
where ¥ is the unit vector along the 2z axis,
To obtain the time of flight from failure to impact,

the eccentric anomaly, E, at each point of interest must be

found.
_ -1fe + cosy,
E, = cos (1 + ecos.b)
_ ~-1fe + cos{27 - ¥)
E, = cos (1 + ecos(27 - v )

The time of flight is found by solving Kepler's equation for

each eccentric anomaly, and getting the difference in time.

/3
At = %T[EE‘— esink, ) - (E,- esinEoﬂ

This change in time rerresents the time from.failure to im-
pact. This time is added to the burn time to failure to ob-
tain the total time of flight.

Using srherical trigonometry, the latitude, ¢, and
longitude, 4, are easily found fromy and ., as shown in TPig
6. ™he original simolifying assumntion of launching along
the equator takes effect here.

¢ = sin'l(sinlsinw)

- .:.=-1 tan e
¢ = 8sin Tan .

In the cases when the change in velocity occurs in the

plane of the original orbit, the latitude and longitude are

simply
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The longitude can be added to the longitude covered
- prior to failure, 6., to obtain a total longitude. The fail-
};? ure longitude is found with the original flat earth assump-
L tion.
..~1 x
‘ 8, = sin ~ =
f RE
at = 8§+ 0f

At this noint, a position and time of imvact has been
found for a vehicle which had been subjected to a velocity
change before injection. The probability of imract at this

position will now be determined.

Probability Determination

To determine the probability of imvact at a specific
latitude and longitude, the probability density at failure
for the corresnonding velocity change is found, then prora- 1

gated along the trajectory to the ground, as seen in Fig 7.

12
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Fig. 7.

Probability Froragation to Impact
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For a small change in azimuth and elevation, the vroba-~

bility density at failure is

E(a,) = P&

™
Therefore, the probability of the vehicle nassing through an

area of the svhere is

a+Aa 6+A6
P(a 6) / ] 0086

When integrated over the whole sphere (from 0—>2r in azimuth

and —%-*% in elevation), the probability becomes unity.

Fropagation of the vprobability to a latitude and longi-

tude at impact results in

¢+A¢ 0+A0
P(o,6) f / 9 Sp3- g::g

The Jacobian is defined as a determinant.

Qa 38
da. s Q¢ )
ole,s =L _5__5__

X ]

As the changes in latitude and longitude become infinitesmal,

the rrobability density becomes the integrand.
e 2 |
¢ ¢ :
E(¢.6) 2_0_%_8;@_ da 35 5

Je o6

In this study, the rartial derivatives are estimated by
numerical methods. Very small changes in azimuth and eleva-

tion are chosen and added. When the comruter rrogram is run,

there are resulting small changes in latitude and longitude.

The ratio of these changes becomes the numerical nartial de-

rivative.
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This probability density represents probability in relative

magnitude. When the density is high, or abproaching a singu-

Y ]

larity, the probability is high for that impact point.

7 FE R

The following chapter will discuss the resulting imvact

o)

envelopes and probability density behavior for this study.
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" III. Results and Discussion :

Gravity-turn Trajectory

To initiate the gravity-turn launch, the following rara-

meters were chosen.

b m

| = 21,000 lbm/g
3 B = 466 1b /sec
T = 58,800 1b,

The launch-to-orbit trajectory had these final values.

)

t 276 .54996 sec

B
x = 3078159.92872 ft

h = 526417.72579 ft

V = 25616.04328 ft/sec
Y = .00000036 rad=0

m = 398.14796 lbm

Impact Areag

Impact points for each possible failure in each time

L e e e e

step were found. The vnlot in Fig 8 is a rerresentative rlot
using one time decrement and elevations from -~ %—»-% radians

. " . . — -
in rS radian increments. Fach curve of nointsrrerresents a

constant elevation of the residual velocity vector, with azi-

muth rotating through % radians. It is seen that minimum
latitude and longitude disrersions occur for elevations an-
proaching the poles of the svhere of failure. The maximum

disversions occur for elevations equal to zero.

From the vroximity of the imract »oints for each rosi-

tive and negative elevation trajectory (i.e. #+3C deg), it is
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assumed that there are high and low trajectories to each
impact voint, excepting the case when the elevation is zero.
This point is important in finding a probability for any im-
pact point, since the probability density is composed of two
probability densities summed.

In Fig 9, the maximum impact envelopes are plotted for
five time decrements from orbit injection time. These repre-
sent each time step with the residual velocity vector eleva-
tion equal to zero. For the launch trajectory utilized in
this study, failure results in a large dispersion in longi-
tude and a relatively small disversion in latitude. As the
time decrements are subtracted, these dispersions grow.
These characteristics would be expected in any launch con-

figuration.

Probability Distribution

In an attempt to uncover curves of equal probability,
the probability density was vlotted versus the impact longi-
tude. The result, for a specific time decrement and residual
velocity vector elevation, is shown in PFig 10. A number of
singularities were discovered in the probability density.
These singularities represent areas of high probability.

The end singularities occur when the residual velocity
vector azimuth is 0 and = radians. Close to these azimuths,
a small change in residual velocity vector elevation results
in a very small change in impact latitude, so there is a
higher probability of imracting in those areas.

The middle singularity corresponds to an azimuth of %

18
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radians. Two rhenomena occur near this point. A small change
in latitude, and a small change in azimuth result in a neg-
ligible change in longitude. These occurences give this area
a high prob;bility of impact.

The remaining singularities occur at maximum latitudes
at set conditions. The singularity at =$181.5 degrees corre-

sponds to a maximum latitude for a constant azimuth of %%

radians. The singularity at = 169.L degrees corresponds to
the maximum latitude for the elevation used for this plot.

In these areas, a small change in elevation_and azimuth, re-
spectively, results in a negligible change in latitude, in-
creasing the probability of impact. The position of the sing-
ularities along the impact curves, for the case in Fig 10,
can be seen in Fig 11.

The number of singularities occuring can now be real-
ized. Taking each burn time separately, for each set azimuth
or elevation, there is a maximum latitude and longitude at-
tainable, and a singularity corfeSponding to each. It would
also be expected to have singularities corresponding to max-
imum latitudes and longitudes for a fixed residual velocity
magnitude. All these singularities could be plotted, as in
Fig 11, to obtain curves of high probability of impact for
each time decrement. This is an area where further study
would be enlightening, along with those mentioned in the

next chapter on reccomendations.,

21
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IV. Recommendations

There are many candidate areas for further study in
this thesis. The scove of the study could be expanded to
work with specific launch vehicles or launch sites. The
launch equations of motion could be changed to incorporate a
spherical earth, a changing gravitational acceleration, a
non-constant thrust profile, a multi-stage vehicle, or flight
through an atmosrthere. The boundary value conditions could
be changed to achieve an ellivotical orbit.

As mentioned in the results chapter, the study could be
taken deeper, without changing the score, to find curves of
high probability. Another avnproach to finding probability
distributions would be to start at immact and work back to
failure. This method would eliminate the problem of summing
probabilities from near coincedent high and low trajectories.
The depth in which the interested reader wishes to follow

the study is certainly dependant on his desired results.
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Aorendix A

Boundary Value Launch Computer Program

. FOMFAM LOVIINPIT=/30,0UTPUT)
¢ PIMERSION X(L) 4PST(30G) ,TI(R0),0°.4(3C),DELV(3D)
v #yTEME (1)), W(2770),TH(3)
: EXTELNAL LFN

COMMCN Q’QFTA’T4

NELM(1)=0,3

2 I=1
it p=C
' 15 pM=g, 0
(‘,;( pRI.\‘,ﬂl,"ll (1]
b FRIMTY 4  CELM=",NELM(T)
E' 11 J=0
L=0
T3=12060.0

G=22.174405
PE=2.0G2:.67387
Guz1 HGT3HAZET1E
Pl1=2,1411:928536
1C ¥(1):=049

- ¥(3)=o1
Tt Y{4)=89,3%PY/137.0
' X(s)=21030.3/G+SPRT(OM=*¥2) +DELM(T)
OM=f, 64X (5)/7.0
SHM=X(5) -PM
‘ RETA=1¢,3/6
, TH=2.8*X(5)<6
? PRINT=," PARA"™ X({5),PMySM,3ETA,"H
! NEON=%
| £3%=1,05-3
CElz1.02-8
feS=t lc=4
JFLAR=
T=0,"
IF(J.GT.0)60 TO 2
TOUT=0.9
DFLT=76759.0
1 TOUT=TOUT+ELT
J=J4+1
CALL BTl N NTINy Xy Ty T0UTHREL 9" 233 IFLAC Ay IN)
TF(X(i)eGT 043050 TO L
JF(L.EN.1IGU TO
L=1
NM=X (T ) «SM
TF(DHLT«040)50 7O 11
hv=q, M
e310 ) =x{4)
1 2(Jr=70UT
T:(prI(J)cLTo‘Goj‘ :j 70 2

I3

25
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11
1aQ

IF(TEUTEN.TB)GD TO 5

(O T 1

YF(PSI(J) LT 0,050 TD 2

GO TN 16

CALL INTERP(PSIHIT, J,KyX0,YO,TEMI,IE2)
7F=YP

FPRINYI® v

FRINT>,™  Truzzv,Tp

GO TO 10

TCUT=TF

CALL OﬂE(LEOqVEQ“,Y,T,*OUT,QEL,A%i,IFLAG,W,IH)
PRINT® " XCII” oX (1) g ¥ U2) ¢ X(3)yX14)yX(5),TIUT
AVOM=«TH/{RETA~X () )46 SIN(X (L)) /7acTR
V=S T(GA7(RELX(2) ))

PRINT*, "y CIZSUL ARz, V

TF(M,EN,1)6G0 TO 13

PRINT#,* I=",T

NELVIIY=L(2) -y

JE(ILLEN,23)GO TO 13

IF(I46T744)50 TO 17

FEM==DELV(T) /NVYNN

1=1+1

DELMIIY=DE4+DELM(I ~1)

GO Y( 1R

I=1+1

DELM(I)=NELM(I-1)+0=Y

G0 7¢ 15

CONTYINNE

CaLL INTERD("ELV,”ELW,T,K,XO,YU,T?%D,IEC)
DELME=YD

FRINT* ™ -

PRINT* " DELTA MLSS=",NnELMF

T=1

V:l

FELMA(T)=NT| vE

GN T4,

PRANTY 4 P31 DOFS NOT R
PRRINT 4, naNFe

eTeP

“ND

1T

atH o

SUTKOUTIME LI(T4X 4 XP)
PIMFESION X(.) 4X3(3)
FIYMC Gy3FTA, 14
YOULY=X () *0rT(X(3))
Y2U2)=X(3)~3T 4% (4))

X0 (Y= TH/YAE)Y=CVSIN(X ()
X2 (u)==5<COS (X (%)) /X (2)
Yo (g)=-RETA

RETUF N

Feyr
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Avrendix B

Impact Foint and Frobability Frediction Comruter Frosram

PROGRAM FAIL(INPIT=730,0UTPUT)
DIMENSION X(5) X2(5) 43A7(12),EL(12),0V(3) 4N (205),IW(5)
COMMON G,BETA, TH,34,PI,RE
REAL LAT,LATDA,LATDZ,LATI,LONGyLIN3IA,LONGDESLONGT,LONG2
EXTEFNAL LEQ
K=0
6=32.17405
RE=2.092-673E7
GM=1.407646885 15
PI=3.1415926536
READ> , TR, HE
PRINT® o =
PRINT®*,* TB=",T3," MASS=",HWE
BETA=15,0/06
TH=2.8%HE*G
PRINT*,* BETA=",8ZTA," THRUST=", T4
TOUT=T8
IF(K.EQ.0)GO TO 20
2h K=Ke 4
20 IFLAG=1
X(1)=G.0
X(2)=0.0
X(3)=z,1
X(4)=89,8%*PI/7180.0
X(5) =RE
NEQN=S
AB=1.0E-8
REL=AB
T=0.0
DELT=T8/100.0
IF(K.,EQ.0)G0 TO 2%
TOUT=TOUT=-DELT
21 CALL ODE(LEQsNEQINsy Xy Ty TOUTHRELJAZHZITLAGyNyIHW)

PRINT®,“zz25cz 22T TS ETSS S SSS-28S2SESSSS3=2822
4====cES=cTz=CIa==I=22SEZXTo=ZTESSaszsaz=zso=°t

PRINT®,*  RANGE ALY VEL PSI
- MASS TIME™ :

PRINT® ;X (119X (2) 4X(3) 9y X{u)yX(5)yTIIT
XP{1)=X(3)*COS (X (%))
XP(2)=X(3)*SIN(X(4+))
PRINT®, " XP1="yxd(1),™ X22="yX3(2)
IF(K.GT«0)GO TO 25
VCIRC=X(3)

. GO TC 24

25 CONTINUE

DELV=VCIRC=-X(3)
FL(1)=-P1/2.0
AZ(1)=0.0
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23

DEL=FI/6.0

DAZ=DEL

DELAZ7=1.0E-5

DELEL=1.0E-5

DO 23 I=1,6

D0 22 J=1,12

L=0

CONTINUE

DV (1) =DELV*CO3/47( ) *COS(EL (I))

DV (2)=DELV*SIN(AZ () )I*COS(EL (1))

DV(3)=DELV*SIN(E_(I))
IF(L.GT.C)GO TO 27

pRINT‘," ------- crcocancevoccncecvcerene coecavcoesascccnavaaw - oo
PRINT*,™ AZ=",A2(J)," EL=",EL(])
CONTINUE

CALL IHpACT(DVvaXP,LAT’LONG,LO";?,DELT,.’ORBIT’
IF(I.EQ.1)GO TO 32
IF(AZ7(J) ,EQ.0.0) 50 TD 22
EPS=,001

ZING=(AZ (J)-PI)**?
IF(ZINGLT ,EPS)GD TD 32
IF(ORPBIT.GT.0IGO TN 31
IF(L.EQ.136G0 TO ¢38
IF(L.EQe2)6G0 TO 23

L=1

LATI=LAT

LONGI=LONG?2

AZ2I=¢27(J)

ELI=FL(I)

AZ2(J)=AZ2]1+DELAZ

GO TC 26

CONTINUE

LATOA=LAT

LONGDA=L ONG2
DADLA=DELAZ/(LATIA~LATT)
DAOLC=DELAZ/ (LONGIA=-LONGI)
L=2

AZ(J)=AZ1

EL(IV=ELI*DELEL

GO TC 2?6

CONTINLUE

LATDE=LAT

LONGOE=LONG2

CEOLI=DELEL/ (LATD==-LATI)
DEOLO=DELEL/Z (LONSDE=-LONGI)
EXP=PBS(COS(ELINI /(4.0 PT)
P=ABS (DADLAYDEODOL I=DADLO*DEDLA) *Ex?2
EL(I)=ELT

CONTINUE

IF(L.GTL,0)G0 TO 23

LATI=0.0
P=0,C

CONTINUE
LATI=LATI*180.0/°L
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23

11

TIME=TOUT*DELT

PRINT*,* »

PRINT*,*  LATITUDE LONGITUDZ
PRINT*,LATIZLONS 42, TIMF
IF(I,e0.1)60 10 23
CONTINUE

AZ (J+1)=AZ (J)+DA7?
EL(I+1)=EL(I)+DE.
IF(K.LT.5)G0 TO 24
PRINT*,* DONE®™

STOP

END

SUBROUTINE LEQ(T,X,XP)
DIMENSION X(5) 4X>(3)
COMMON G+BETA,TH,54,PI
XP(1)=X(3)*COS (X (%))
XP(2)=X(3)*SIN(X(4))
XP(3)=TH/X(5)=G*SIN(X (L))
XP(4h)==-G*COS(X(4))/X(3)
XP(5)=-BETA

RETUFN

END.

PROBA3ILITY

TIME™

SUBROUTINE IMPACT(DV,X,XPyLAT,LON3,.ING2yDELT,L,ORBIT)

COMMCN G4+BETA, TH, 54,y PI,RE

DIMENSION V(3) 9R(3),H(3)HyEC(3) 4X(2),XP(B),IV(3I)

REAL MAGE 4 MAGR ¢MAGH,MAGY
REAL LONG,LONG1,.0ONG2,LAT
U=GM
V(1) =DV(1) +XP(1)
V(2)=DV(2)
V(3)=DV(3) +XP(2)
R(1)=X(1)
R(2)=0.0
R(3)=X(2) +RE
H=R?> V
H(1)=R(1)¥V(2) -R(2)*V (1)
H{2)=R(2)*V(3) =(3)*V(2)
H(3)=R(3)*V(1) =(1)*V ()
H2=0
R2=0
v2=g
COEFV=0
00 11 I=1,3
H2=H(I)**2+H2
R2=R(I)**24R2
ve=VvI(I)**24y2
COEFV=R(I)*V(I)+30EFV
GET ECCENTRICITY €3
MAGH=SORT (H2)
MAGR=SORT (R2)
MAGV=SORT(V?)
COEFF=MAGV*% 2=-U/ YAGR

29




g s o e

12

16

17

18

19

10

15

E2=0
00 12 I=1,3
EC(IN=(1.0/U)*% (COEFR*RII) ~COEFVEV(I))
E2=EC(I)+*2+E2

MAGE=SQRT (£2)

J0 FIND IF IT T4PACTS

P=MAGH**2/U

RPER=pP/(1.04+MAGE)

IF(RFERLGT.RE)GO TO 15

A=P/ (1.,0~-MAGE* *2)

COEFTNU= ((P/MAGR) ~1,0) /MAGE

TANOM=ACOS (COEFTNJ)

IF(CCEFV.GT.0.0)33 TO 16

TANGM=2.0%*PI-TANDM

COEFENU=((P/RE)~1,0) FMAGE

EANOM=ACOS (COSFEND)

ANG=2,0%PT=-TANOM-EANOH

TANG=2,.,0*PI~-EANOY

EzACOS ((MAGE4+30S{TANG) I/ (1,0+4MAGE*3IS (TANS)))
E0=ACOS((MAGE+COS(TANOM) ) /(1 ,0+YA5EFCOS(TANDOMI))
IF(TANGLLT.PIVGO TO 17

€E=2.,0*PI~E

IF(TANOMJLTLPINGO TD 18

£E0=2.0%PI-EQ

CONTINUE

DELT=SORT (A**3/J)* ((E-MAGE*SIN(E)) = (ED-MASE*SIN(FD)))
AINC=ACOS (H(3) /MA5H)

IF(V(2).GT.0.0)G) TO 8

AINC==-AINC

CONTINUE

LONGI=ASIN(X(1)/RE)

A180=PI

IF(AINC.EQ.0.,0)3) TO 9

IF(AINC.EQ.A1830)53) TD ©

LAT=ASINISIN(AING) *SINC(ANG))

LONGZ=ASIN(TAN (LAT)/TAM(AING))

CALL REDUCE(ANGsLING2)

GO TO 19

CONT INUE

LONG 2=ANG

LAT=0,.,0

CONTINUE

LONG= (LONG1¢LON52) ¥180,0/P1

ANG=ANG*180,0/PI

AINC=AINC*180.0/°[

IF(L.GT.0)GD TO 10

PRINT®4* LAT="4LAT,"LONG=",L ONG2

PRINT*,”

PRINT®,” ANGLE TIME INCLINATION"
PRINT* JANG,DFLT,AINZ

CONTINUE

ORBIT=0.0

GO TC 14

PRINT*," ORBIT MA5 ECCENTRICITr=",9vAGE

30
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ORBIT=1.0
RETUPN
END

SUBRGUTINE REDUSECAMS (L ONG2)

REAL LONG2 .
P1=3.1415926535

A90=PI/2.0

A180=PI

A270=1.5%P1 i
A360=2,0%PT

IF (ANG.LT.A360) 3) T2 6
ANI=ANG/A360
IAN=INT(AND)

ANG= (ANI-IAN) *2,0%PT
CONTINUE
IF(ANG.LTAS0) GO TO 7
IF(ANG.LT.A180)3D TO 6
IF(ANGLT.A270)5) TO 6
LONG2=A360 +L ONG2

GO TO &

LONG 2=LONG 2

GO TO &

LONG2=A18 0-LONG2
RETURN

END
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