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satellite about L& is periormed. 4 proposce two dinensional
very restricted orbit is used to supply the initial
conditions required for the search. An ephemeris of high
accuracy is generated from a specific date and time using
actual positions for the sun and moon. The generated sun and
moon position and velocity vectors are used in the
integration of the system’s equations of motion. A stable
orbit is found and is tested for 1its 1length of stability.
The orbit is found to have a stable lifetime in excess of six
hundred lunar synodic months. The sensitivity of the orbit
to the sun’s and moon’s position iIs tested and found to be
only slightly sensitive for an error 1in position of one
quarter day. Finally, a predicted 180° out of phase orbit is

found and is determined to be only warginally siablic.

viit
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Background

In recent years, there has arisen a great deal of
interest in the orbital analysis of the earth-moon Lagrangian
points. Both the civilian and military space programs have
produced studies and proposals about the use of the
Lagranglan points as orbital areas for satellites now under
consideration for future missions. The areas of common
interest in both the military and <c¢ivilian space programs,
lie in both manned and unmanned vehicles. Current proposals
have 1included platforms for the industrialization and
colonization ot space. Such platforms have included solar
Power Satellites for beaming power back to the Earth, 1large
space manufacturing facilities that are able to use the '"zero
gravity" environment for the production of materials that are
currently extremely difficult or impossible to produce on
Earth. A side effect of these manufactories would be the

colonization of the moon and cislunar space. The military
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and Earth-based laser weapons.

Studies undertaken so far have largely dealt with two
dimensional analysis of the very restricted four body
problem. Some of the restictions have been circular orbits
for both the moon and sun, an unrealistic mass for the sun,
and planar motion for all bodies. Some analysis has been
undertaken in the past to study the three dimensional
problem, but these have always been restricted in their scope
and lead to a vague conclusion about the existence of three
dimensional orbital stability in the Lagrangian vicinities.
This report will attempt to show actual stability about L4
for a perioa of at least fifty ycars, ang to set conditions

for further studies that follow this report.

Most recently, at the Air Force Institute of
Technology, where this report was written, two studies were
completed, cne by Major William Beekman (Ref 3y, and the
other by Captain John Wheeler (Ref 7). Each did a study of
two dimensions of orbital stability about L4. Both also

lacked an analysis of the moon and sun’s actual positions and
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proposcd orbit. iiis orbit was limitead ULy the various
constraints that were imposed on the problem. The major
limitation came about by assuming the moon and sun to be in
circular orbits abo:t their respective system barycenters.
Capt. Wheeler“s conclusions at the end of his study

indicated linear stability exists for his system.

Major Beekman’s study was based on three reports, one
of them being Capt. Wheeler’s. The other reports were by
Kolenkiewicz and Carpenter, in 1968, (Ref 6), and by Barkham,
Kodi, and Soudack din 1975, (Ref 2). In his investigation,
Major Beekman confirmed the Wheeler model’s stability, for a
period of at least twenty years, by removing the restriction
of circular orvits. lle also showed tuc other ourbits  studied
were marginally stable in the same time frame, even though

the planar restriction was still in force.

Problem and Scope

The search for a three dimensional stable orbit about
L4 and L5 1is a problem of 1increasing importance in the

evolution of space exploration. For any serious long term
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body problem. Consideration nust al .o e wiven to the (rfect

of the remainder of the solar system on the moticu of the
coleny and the Larth.  The sun and oo . "g  position in this
study should be known at all times to allow planners a
reasonable starting point for their mission. In the final
analysis, the orbit described must have the restrictions of
the previous analyses removed, specifically two

dimensionality and the unperturbed circular orbits of the

moon and sun.
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In the aunalysis of the prouslos, the equatiouns  of
motion of the moon and the colony are those given by T. A.
Heppenheimer, in an article published in 1978, (Ref 5). i
equations are given in rectangular nonrotating Earth-centered
inertial coordinates for two dimensions. These equations are
then simply expanded to three dimensions. The sun’s motion
is then described in the same coordinate system as a two body
problem. Since the equations, are given in only two
dimensions the expansion to three dimensions follows the

derivation of the two dimensional case-.

The equations of motion for a general "n-body"

problem, in rectangular coordinates is given by:

(1] - -
fi.=-z G (r -t ) Ly Ii-1
rij
where . =|r -r |. Letting i=! be the reference body, the

ij j 1
Earth, i=2 the body whose motion we wish to study, and 1=3

and 1=4 be the indices of the two other bodies in the system.

For the Earth-Sun system:




Expanding and combining terms:

n
t —-G(m.+m.)E L cn (7.1 r -r.\ EQ 1I-3
r12— m,+m, r., . mj r, rj rl-rj Q

3 j=3 3 3

12 f23 T1j

r

Realizing the moon and the satellite have only a negligible

effect on the motion of the sun, EQ II-3 reduces to:

u -
=- +
r12 G(m1 mz)r12 or
r3
12
u -
r ==l r AR EA
(AR N S
)
.
es

From EQ 1II1-3, the equations of the motion of the moon are

written, also realizing the satellite has no effect on the

’ :
moon s motion:




e °
3 3 .
3 3
r(‘C r(‘S r f\ !‘)
EQ II-6
Using the Earth as a convenient reference frame, the

equations finally become:

Y ==Gm T EQ 11-7
s S s
3
Ts
u - - - -
r =-Gm r - Gm (r -r +r ) EQ 1I-8
e m s\ m__s _S
3 3 3
r r r
ms s
u - - - - - - -
r ==-Cm r - <r -r +r ) ~ Gm (r -r + r
< __&_’_& c .5 o~ al < ‘ B
r ¥ i ' H i
Cc cSs s cm A1
EQ TI-9

The equations of motion for analysis purposcs are
then represented 1in state vector form for case in handling.
See Appendix A for the subroutine pertaining to the equations

of motion.
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Ref 8. Since the moon vect
right ascension, a, decl
must be transformed to th

rectangular coordinates are

x=r*cos(a
y=r*sin(a

z=r*sin(d

and the velocity vector ele

x=t*cos(a)cos(d)-rk3*
y=r*sin(a)cos(d)-r*a*

é-f*sin(d)+r*&*cos(d)

Py, Lo Cedrainalie system udoed

in

n.g, rectangular coordinate systen

The pesition rectors  associated

2N in this frame are developed £
or given by Ref.S is described
inativn, d, and Farth radii, r,
e frame we wish to wuse.

given by:

Y*cos (d)

Y*cos(d) EQ II-~-10

)

ments are:

sin(a)cos(d)—r*é*cos(a)sin(d)

cos(a)cos(d)-r*&*sin(a)sin(d)

EQ II-11

Yoo

in

it

The

The veftors are still not in the proper frame and need to be

rotated to the ecliptic.

If e 1is the obliquity of

ecliptic, then the transformation matrix for this is:

the

|




i ) C
0 con(ed sin(. EQ I1-12
0 -sin(e) cos{(e)

The sun’s position vector is alrcady in Farth-centerecd
rectangular coordinates and only needs to be rotated to the

proper frame by the use of the above transformation matrix.

The frame for the analysis of the problem will be an
Earth~-centered ecliptic nonrotating rectangular system. The
X-axis will point toward the vernal equinox and the Z-axis
will be perpendicular to the ecliptic having the XY-plane
coincident with the wecliptic plane. The frame for the
presentation of the output of the analysis will be a rotating
frame with the x-axis through the center of mass of the moon.
It also will be an Earth-centered rectangular ecliptic frame.
See Fig 1 and Fig 2 for a pictorial representation of each

coordinate system.

Ephemeris Generation

Ref 8 provides the position vector for both the moon
and sun, but does not provide a velocity vector for each
appropriate time step. In order to integrate the equations
of motion, the velocities must be known at any given time.
Since Ref 8 provides position at a known ¢time, a central

difference velocity can be determined. This velocity 1is
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crude bt el feative tor retarively short tire spans, but will

perc-nt ot positioaal error Over @ Uime span ob about one

year tor this particular study. Lnoorder tu acconplisa Liils
aoenracy, a4 adynamic cidieroatial corroctor routioe wWos o ar e
to modify the velocitics obtained freoxn Rei 8.

Using the positionm and velocity ~vectors as initial
conditions, the equations of motion are integrated forward to
a reference time, to, where the position vector, 30, was
known. The reference time selected was a function of the
time step available from Ref 8, ten days for the sun and one
half hour for the moon. The corrector was first applied only
to the sun’s velocity and, after repetition at longer
reference periods, the <corrector was applied to the moon’s
velocity. The outcome of the corrector, the velocity vectors

of the moon and sun at the initial time, was substituted for

the crude velocities of Ref 8.

The start date for the ephemeris generation was chosen
as 5 Jan 1979, of the Equinox of 1950. This particular date
was chosen because the moon was relatively near the
equatorial plane of the Earth. Using a time when the
i—component of the moon’s velocity vector approaches zero
will give highly inaccurate velocities when computed by
central differences and will require more repetitions of the

velocity corrector to achieve the velocity desired.

12




The tirst step 1o coaputin, tie .vlocity corrector is
to intecratr. thee oqaat tans Ve Stion torward ro the

appropridte retoercncse tirme, U . Fhe dntoesrates position,
o

i ’

is compared to the reterence posiliou, p , and this vector

a

dfF=p =-p , is stored for lorer wero.  Tho cquations o ot
18 0

are then intesratcd torard tnrece ove Ulaes rrom i tiorllad
conditions with tae initial position sectors ana the
following velocity vectors in turn:

Xx+dv X X

v= y |»  |yHdv], y EQ II-13
k4 z z+dv

where dv is a small velocity increment. It should be noted
that two of the velocity components are the original initial
velocity conditions for each 1integration. Each time the
equations are 1integrated forward a new columnar position
vector, 51, is formed. Subtracting p from 51, one obtains
o
the vector dp =p -p , where i=1,2,3. After the tovee
i 1 o :
integrations these position vectors may be combined into
matrix form, A-[dplzdpzzdp3]. Dividing this matrix by the
delta velocity that was added to the 1initial velocity

vectors, a differential matrix is obtained of the form:

13




Nt i that dr=2X00, o s rnoe o . SLotre o cteroor
are xnown, the velocity Joector corrector is obtaincd Dy
. . ; . =_,-1 = -

inverting A and postmultiplyviag ' dr, dv=A dr. This

velocity corrector vector is then added to the initial
conditions velocity vector. This procedure is then repeated |
using a new reference time, until the velocity vector yields
a postion vector at the end of the ephemeris span to within
the accuracy desired. See Appendix B for a subroutine

pertaining to these calculations.

Constants

The primary constants used for the problem analysis
were obtained from Ref [8:529]. All secohdary constants were
derived from these values. The accuracy of the constants in
Ref 8 1is on the order of six digits or less for masses and
distances but this will be shown to be adequate for the
problem analysis. The wuse of constants other than those
obtained in Ref B are used only in the duplication of the

Wheeler model and are obtained from Ref’s 3 and 7.

14




the unit of mass will he » Funmeri~n ~f the mass ratin of the

respective  vaolics  uasine the wum 0 the Martdh s a0l oo ’s

Theooeraasatant s

o

taese standdrd unics.

The Wheeler Model

The Wheeler orbit should be obtainable from the method

of analysis. In order to achieve this, the equations of
motion are modified to place the moon and sun 1in <circular
orbits about the Earth. Wheeler’s constants are then
corrected fo the unit constants described in the preceeding
section. The initial conditions are then transformed to the

frame coordinates being used, and the equations of motion are

then integrated forward for the appropriate time span, one
lunar synodic month. See Fig 3 for a representation of the

Wheeler system and Fig 4 for the predicted Wheeler orbit.

The initial coaditions re selacted Pro i

(4

restrictions of the Wheeler model. The sun and moon are in
circular orbits and they are also initially on the frame’s
negative X-axis. The sun 1is placed at onme A. U. with a
circular velocity at that point solely 1in the negative
Y-direction. The s8sun’s X-component is transformed into the
correct units and the same with the velocity. The moon’s

position 1s also on the negative X~axis at one moon distance

15




Fig 3. The Wheeler Frame
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with the wvelncity vornanent al-o totally in the aecative Y

r = Q. r = -h.b6RE5%7 DR A S B

The moon’s position and velocity vector are also given by:

"10 0-
r = 0. r = |-.22997] EQ II-16
m m

0. 0.

The colony’s initial position and velocity vectors are
given by Ref [7:62]. However, Ref [3:31] provides the
vectors in an earth-centered frame. The correction that
Beekman made 1is sufficient for the position vector, but the
velocity vector has the wrong units. The units used are 1in
MD/TU, mean moon distance per absolute ctime unit, while the
units required are in MD/DAY, mean moon distance per day.
Ref [3:22] provides the TU relationship and this is used in
the correctionf Finally the position and velocity vectors

are given by:

18




The effect of the remainder of the solar system on
the satellite’s motion needs to be investigated. Since the
motion of the sun and moon are known, the only terms that
need to be considered in the "n-body" equation.are the motion
of the Earth and that of the satellite. Even though this is
an "n-body" problem most of the mass of the solar system is
at such a distance that the effects are going to be minimal.
With that 1in mind, the problem can be reduced to the effect
of Jupiter’s tidal acceleration on the Earth’s and
satellite’s motion. Jupiter 1is the closest of the massive
planets and would reflect the largest effect on their motion.
As a comparison, the tidal acceleration of Jupiter can be
related to tue sun’s tidal acceleration. The tidal
acceleration equation can be written as:

u - -3 - -3

r .=-Gm_(r

cJ J eJreJ - chth) EQ 11-18

where ch-reJ+rc' Expanding the cubic term of the colony:

19
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14 = r - 3r (f e ) +0 EQ I1-20
cd eJ 2 d ed c 2 Q

Substituting this back into EQ II-18 to form:

u
r

=3 -3 -5
= -G T r - (f +r ) (r - 3r r « 1))
cJ. mJ[ eJ el ( el ¢ el eJ( el c)

Collecting terms finally gives:

= =Gm [3(F + £ )(Ff +r ) - EQ II-21
J el ¢ el ¢ c Q 1I-2

r5

el

u
T
cJ

Ref (2:360] provides a relative value of Jupiter’s mass and
distance from the selected frame. These can be converted
into values relative to the sun for the comparison.

Replacing m with its equivalent, .00lmg, and with

J Fed
4.20F , into EQ II-21 will allow a numerical evaluation of
s

+F_ 5 T, =4.20 T, , EQ

the acceleration. Noting that Tei*fe el

I1-21 can be reduced to:

20
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Praluating this cxpressivn (cals to:

which demonstrates the tidal acceleration due to Jupiter or
the remainder of the solar system is approximately 10-7 less
than that of the sun’s tidal acceleration. Therefore, we
need not concern ourselves with any solar system

perturbations other than the sun’s.

The Four Body Problem

The initial conditions of the four body problem are
the basis on which the whole stability question lies. If the
wrong initial conditions are chosen the search for stability
will be 1long and tedious. Capt Wheeler’s model however,
demonstrates linear stability in unis frame. Therefore the
initial conditions selected should have a greater chance of
three dimensional stability than any selected by random.
Using the position and velocity vector determined in the
analysis of the Wheeler model will provide the needed vectors
in two dimensions. Since the velocity and position vectors

are only in two dimensions we need to add the third dimension

21
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Stability snouviu not exist in the Lagrangian vicinitics tor
these starting conditions. Therefore it will  ©oecome
necessary in the wuaalysis to modiry tiucvse conditions in the
search for stability. The manner in which the modification
is made does not matter and therefore can be done by any
method available. Once the modification 1s made the
equations of motion can then be integrated forward for a
relatively short period of time. If the colony is still in
the vicinity of L4, they can be integrated forward for a
greater length of time. This can be repeated until the
period of stability reaches that as desired. Using short
integration time spans 1In the initial search for stability
will greatly reduce the amount of exccution ti- reguired for

the integration of the eighteen equations of motion.




The span of the ephemeris was selected Fo e
approximately one year. This particular length was chosen
due to its anount of integration necessary tor the
generation. Longer time spans would be nice but the
execution time 1increases 1linearly for the integrations
required. The span does allow a sufficient number of
starting points, new moons, for the analysis. The addition
of the dfnamic differential <corrector for the velocity
vectors of the moon and sun produced a positional error
related to time of approximately six hours for both the moon
and sun for the slightly less than one year generation span.
This error 1is slightly less than .07 percent, or less than
the error required at the outset of the problem. If the
error were cumulative throughout the study, then the total
errer foroa fives Lear o poericd woulloapprorace Gl ooernoove, or
12.5 days. This total error would have little, if any,

effect on the question of stability.

The sun’s velocity was corrected three times, the
first time for a period of one day, then ten days, twenty

days, and finally fifty days. The moon on the other hand,

23
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the ftifty day reterence period proauced the accuracy i‘equiruu
and such an {nvestigation is beyond the scope of this report.
The error in the resultant ephemeris is linear throughout the
entire span. The major cause for this would be a minor error
still existant in the 1initial conditions wused 1in its
generation. The use of a tabulated ephemeris that contained
the entire span needed would be of some help, provided that
the accuracy 1s greater than that achieved by this method.
However, as this analysis indicates, such an ephemeris 1is not
needed. Table I provides selected portions of the moon and
sun ephemeris in ephemeris coordinates which <can easily be
compared to Ref 8 to note their accuracy. Table 11 is the

state vector of the sun-woon conditious o 2.0 Jan 1979.

The Wheeler Orbit

The initial conditions derived from Ref [(3:31] were
initially 1integrated forward for a period of one lunar
synodic month. The data obtained in the nonrotating frame

wvas transformed 1iInto a rotating frame 1in which the moon
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Table T. Genvrated Hoon and sun Epheaceis

Taivw wwe et
Stlet o, rr T8 T et
¥= G710 21206 47T ¥z - ay? 7T AT LT T omen 1T

MOOH: ®LE0 T T TEHETMT TN Y LA s

GEQRINTR™T CTIT . NMTz B 0757 + i3
LONGITUDN: = & OF5 17 MT+ 3273747001223 €40
LATITHUND: =2 705 =75 M7 =73,-6,2 ;7 376

TiHé 7',LA"'~F'I"= 't

SUN CUOGKIINFTZIS Iiv Aals
X= RG22 10,25¢648 Y= , “3THLR2VTCFT 7= -, 212015060
MOON POSITION IN EPHEMFPIS CICRDIKATES

GEQCSNTRIC DISTINCF= 67 ,60L23A2 78476

LONGITUDE= 29fF DFER 65 MTN 21,683 0617¢ SEC
LATITHN®= & DTG T MIN 7G,3915+8,423: SEC

TIME SLAPSER= 140,

SUN COOURDINATES IN A.U.
. = =195 0 20242568 Y= 437342 4MNGLTLE 7= 4202747427129
MOON POSITION IN ERPHEMERIS COOFDINATEé
GEOCENTRIC DTISTANCF= A/1,374732a971 6

LONGITUNSE= 2.% DTG 39 “IN “H 2134100492 SEC
LATITUDE= 3 DFG 35 MIN 15 "2 F4CR2uE 1 (

T;né CLAPSED= 2:f.,
- SUN COORDLNATES TN 2.V
X2 oLh16573057473 Y= -, 8727929381652 Z= -.5209681985 .35
MOON POSiTIGN 14 EPHEM RIS COOSKNINATFS
GEOCINTPIC DISTANCF= 57,680 51€52¢1

LONGITUDIZ= (v D3 F' MIN 62,16 L7 853225 SFC
LATITUOE= ¥ AFG =f MIY «7,2542h3E12LL2 SFC
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Table 11. State Vocror ot 5.0 dan 1979

ENTUVTAL CONBEY FO0S W e o
X1y D0, D070
X2y =B 20 9800 L

X(3)= ~.017272746746

X(A)= 6.61597474739 3
X(5)= 1.,460285058302 i
X(6)= ,0000744396864064 {
X(7)= 9690805 .
X(8)= ,1392251
X(9)r= -.,0272028
X(10)= ~,02055542857908 *
X(11)= 2301949794688
X(12)= -, 010507010007
‘!
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Restricted Wheeler Orbit--One Month

27




-0.70

. o
©
f T Y T (=]
or°¢ 0a"t 060 08°0 0L 0 09°0"
SIiXv-A
}
Fig 6. Restricted Wheeler Orbit--Three Months

28




00’0

SIXH-X
01°0-  0z0-  0°0-  Ov'O-  0S°0- 0970~  OL0- 0970,

08°0

=

0¢

08'0
SIXyg-4A

06°0

Restricted Wheeler Orbit--Twelve Months

Fig 7.

29




remains on Lo onoan i - crodaced Jata in 1
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contains the Susreutia ined io tae plotting of the data.
The orbic o alse dncerr =0l Cor loaneccer nerliodg oand o th
plots Soallorie movind - S ST S A S, . and .
The slight disturbance in tie o2rbit u¢s the period lucreased

is due to small errors in the integrator selected.

Four-Body Analysis

The selection of the initial conditions were highly
influenced by the periodic orbit developed by Capt Wheeler in
Ref 7. If a stable orbit does exist, then the initial
conditions of such an orbit should be close to those given by
Ref [7:62]. The third dimension of the vector can be related
to the moon’s vector by giving the satellite the same z and z
magnitudes as the moon. The moon and sun’s initial
conditions are obtained from ephemeris generation techniques
discussed earlier. However, Ref [7:62] requires the mnoon and
sun  both Dde o thvu e ative A=anis Lor those particular
initial conditions. This condition occurs once every new
moon. Ref (8:3] provides a 1list of dates of new moon
occurences accurate to the nearest minute. The first
occurance after 5 Jan 1979 is that of 28.263888 Jan 1979.
The equations of motion are then 1integrated to this date,

neglecting the satellite’s motion. Once the integration 1is
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’ e

the order of 4.5 meters per secoud or .00l MOD/DAY should have

the desired effect.

A main program was written which allowed the wuser to
add these delta velocities and specify the length of the
integration. The integration period should be variable in
length to aid 1in the search for stability. The length of
execution time of the integration requires short integration
spans until a likely candidate for stability is found. The
program was written for an interactive user which allowed
quick observation and interpretation of results. Appendix E
contains the main program used in this effort. Appendix F
contains the subroutine uséd in the addition o? the delta
velocities to the state vecktor. First, the state vector
elements of the satellite are rotated to the rotating frame.
Then the delta velocities are added to the rotated elements
and these are then transformed back into the nonrotating
frame. Once the 1initial conditions are those which are
desired, the 1integration 18 executed for the desired time

span. The time span is split into time steps which are
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integratin, tov one luunar syonadic oo .

Thoe soar CLoer ) 1 179 A 3 - SN
sateillite elements used in the Vieclor nmodel ace contuined in
Table IIT. Fig's &, 9, 10, arnst il are trajectorvies obtained

for periods of one, three, twelve, and sixty synodic months.
Adding a delta velocity of .00l MD/DAY to all of the
satellite’s velocity components of Table III, produces the
state vector contained in Table IV. The trajectory plots for
one, three, twelve, and sixty synodic months are contained in
Fig’s 12 through 15. Adding a delta velocity of -.001 MD/DAY
to each of the velocity components in Table II1, produces the
state vector contained in Table V. The resultant trajectory
is plotted for the same periods as before and are shown in

Fig’s 16 through 19.

The question of stability is of paramount importance
to the problem. Linear or periodic stability does not exist
in the three dimensional model, but stability must be
determined and 1in an easily observable fashion. To that
effect, a cross section of the orbit is obtained by slicing
through the Lagrangian point, using the yz-~plane. For long
term stability to occur, the cross sections should f£fill in
separate, but .definite. areas on the plane. The reasoning

behind this {is if an orbit 1is stable then after a reasonable
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Table I11. State Vector oi 283.263088 Jan 1979

incg llldiﬂ(; Wieeloes DD oats

INTTEAL COtnby Mo UEoTuk

R B L LTI I B AT
REAN R S U S PR DA

XAz = OTAGTRO73547 30
X(4)= 5,.48347626566%
YUY 4,085 0,5400014
X(H)= L000192059214601845
X(7)= 5701945487225
X(8)= —~.73124694719864
H X(?y= ,054063587955571
X(10)= ,19400241284164

X(11)= ,1502478807353

X{(12)= ~-,01690467092801
X(13)= -,1904858617353
X(14)= -~1.082237274618
X(15)= .004065879535571
X(16)= 2008356132464
X(17)= -, 059826122177

X(18)= ~-.016920467092801

ROTATING FRAME COLONY FOSITION AND VELOCITY .

X= —-,73463274298999 XDOT= ~,1706730983

Y= ,81568629608899 YDOT= -.121592771

Y4

«05406587955571 ZIOT= -,01690447092801
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Table III Wheeler Orbit--Three Months

35







16.00

ag

0.00 4.00 8. 00
X-AXIS

-4.00

-8.00

r

go°pt

00°6

¢ 00’y  00°1-  00°S-
SIXH-A

-12.00

o0°'rr-

Fig 11.

Table III Wheeler Orbit--Sixty Months
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=+ 7363274298999 XWOT=

State Vector of 28.203:88 Jan

Wheeler Elements vios oo

TRV S il vk ok

ESE PER RGN FEKT S E R
oy . e e

A3 = PR I A AT AT A
XCAra H5oasiaralonadt

X (5)m 4, 00%5%380001 4
X{H)= 000192859 14501840
X(7)= 5701945487225
X(8)= ~.,73126747190864
X(9)= ,054046587955571
X(10)= .19400241284146
X(11)= .1502478B07353
X(12)= -.016904670922801
X(13)= -.1904858617353
X(14)= ~1.082237é74618
X(15)= L 0540658795557
X(1b)s= 199421000191
XC17)= = .0UH265241313428

X(18)= ~.01590467092801

ROTATING FRAME COLONY FOSITION AND VELOCITY

8156863968879 YDOT= -,.120592771

+05406587955571 ZI0T= -.01590467092601
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Table IV Modified Wheeler Orbit--Three Months
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Table

ROTATING FRAME COLONY FOSITION AND VELOCTV(

x.

Y

z

v
v .

State Lector of 2802600 - Tan 1979 with

1ot 3 - : i
Wale > Lot DR (W N EPR U 0 Y B . ]
;
i
H
TR A N TN I O RN TR A I R BT ;
i

\(("'. '-'\’Y"\V )"\\/"\'l')n‘h.
P ;
[
( ) [ [N ' ;

X O 5y anha a0 heant
X5 4. 0BUSETARPD ] 2
X (6 L 000THHEY 140 114
X(7)= 5701945487205

X(8)= -.7312694719864

X(?)= .05406587955571
X(10)= .19400241284146
X(11>= ,1502478807353
X(12)= ~-.01690467092801
X{(13)= -.19204858617353
X(14)= -1.0822372744618
X(15)= ,05406587955571
X{(1H)= .2027239118547734
X{17)= ~,059999826 16972

X(18)= —-.017904670921301

= 7363274298999 XIOT= - 1716730903
«81546863968099 YDOT= -,122592771

«0540AG58792585571 ZNOT= -.01790467092801
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Table V Modified Wheeler Orbit--Three Months
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in Fig 0. Similiari,, the orbits troa Fig’s 13 ana "1l3v arc

analyzed and ctheir cross sections are preseuted in Fig’s 21
ana .< respectively. ANl andalysis Of the plots show the

orbits to be unstable for all three cases.

The search was continued in the manner &escribed above
until a likely candidate was found. The plots for the
system are contained in Fig’s 23 through 30. Fig 30 1is the
plot of the cross section for a period of fifty years. The
cross sections fill only the definite areas inscribed and do
not fall out these areas. This leads to the conclusion that
this particular state vector produces a stable trajectory for

the requirel tiz-e.

The state vector contained in Table VI is not
coincident with a new moon. Indeed, it is 5.01 days prior to
the new moon, but an important point is the initial position
1s precisely the initial position of the Wheeler orbit. The
velocities differ only in the third decimal place. The state
vector 1is integrated forward to the new moon to find the set

of initial conditions required for a stable orbit. This
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ROTATING "RAMLE

X=
Y=

z

" s — i e,

Ol
ATy
X{3Z)y:w=
X Q)
MYy
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X(7)=

X(8)=
X(9)z==

SRS o 79 tac adiia

R E R R T ACR T AN RIE

RN T E 8 IS SR RN N
HoRTOTLH004534
RN VAR HET VAR B
+0001694978992515
-.54624053120187
~.7970584471

.0B8042470202791

X(10)= ,1985222851766

X(11)= -,120556823555

X¢(12)= .007137337355667

X(13)= -1.,0909925847146

X(14)= -~-.1313680409769

Ktnyn

XCLd) =

L0784 AT00

= L 010446712100918

X(17)= —.2064773418006

X(18)= .018246280010529

COL

ONY POSTTTON AND VIEaoerTy

—e 73463274299 XDOT= ~,142473098

815686324689 YDOT= ~-,127%992776

«07847315514708 ZLOT= .01826280010529
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V1I:t coataiads the stute vector o233 ed Jan 190 owita Low

stable orbit elements.The subsequent plots and cross sections

rze

are containea in ig’s 31 through IY. Iinese plots are
essentially the same as the plots that are produced from
Table VI, and the conclusion can be reached that the state
vector is at least marginally stable. Further investigation
of this state vector does indeed show marginal stability for
the system, but the results are 1inseparable from those

produced from Table VI, and are therefore not reproduced

here.

Finally, Ref [3:54] refers to a 180° out of phase
arbic as  proposed N Fef S0 Th goearet T onliis st the
state vector from Table VI was integrated rorward ior iilteen
time steps, or half the period. The satellite’s position and
velocity vector is then recorded for wuse 1in the system
analysis. The state vector of Table V1 is then combined with
this position and velocity vector and tested for stability.
The vector produces a similiar orbit to that produced in

Table VI and is reproduced in Table IX. The orbits and their

cross section for a period of sixty months are produced in
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VIT. State Vector of 22.203988 Jan 1979 Including

Stabile- UL

R N A oY R IR RS MY T A O PR N B R P Iy
KCLys Q00 1 halhines
A R R I

M3 ywr - G aliPROPRG T
KA s Goa3di3alalongdh

X (50 4, 00ns548001 4
ACHys L 0QO 20021401045
X(7)= 5701945487227
X(B)= ~.73124694719364
X(?)= ,05406587955571
X(10)= ,1940024128416
X(11)= 1502478807353
X(12)= -.014690467092801
X(13)= -.5646495963434
X(14)= —.92507939452589
X(15)= « 1214735632235
X{(16)= 1815202065839
XC1L7)y= =~ 0474467025174

X(18)= ~,002323534008040

ROTATING FRAME COLONY FOSITION AND VELOCITY
X= ~,4025971030472 XDOT= ~.18463345732500
Y= 1.029929058532 YDOT= -.084868786601904

Im 1214735632235 ZLOT= -,002393534008842
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Fable ViTL. Sensitisicy Test State Vector

TR DAl oorbr bt Yok

IR I WA
X{Fyu o QLEH242696300
X{4)= 5.7882423515224
X5 Y NP0 AT706D
X(H)= +000L682791094172
X(7)= ~-,61146520505085634
X(8)= —.7651139719598
X(®)= ,07847315515033
X(10)= 1901730539485
X(11)= ~,1315409385346
X(12)= ,008262800093982
X(13)= -1.,096901223061
X(14)= -,06580341132929
X(16)= 07647315514708
X(LéH)= ~.0019155744201086
X(17)= ~,20473340604609

X<(18)= ,.031826280010529

ROTATING FRAME COLONY POSITION AND VELDOCITY
X= =,7363274299 XDOT= -,1462673090
Y= ,81568637689 YDOT= -,127592776

Z= ,07847315514708 ZDhOT= ,01826280010529
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Table VIII Sensitivity Orbit--Twelve Months
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Table IX. State Vector of 180° Out of Phase Orbit

INITIAL CONDITIONS VECTOR
X(1)= 204.3194374408
X(2)= -324,0192778463
X(3)= -.01548148447034
X(4)= 5,7729369200824
X(8)= 3.594798567616
Xt4)= 000169497899237
X(7)= —-,5624003126209
X(8)= -.7970584467333
X(9)= .08042470200617

X(10)= ,198522285084

X(11)= -,120556823487
X(12)= ,007137337369057
X(13)= -.,8200582334128
X(14)= .4868110858079
X(15)= 0785

X(16)= —.07662306948348
X(17)= ~,2249784474187

X(18)= .0213

ROTATING FRAME COLONY FPOSITION AND VELOCITY
X= ~,0750263 XnOoT= -.228

Y

+250711099% YIOT= -,0670999

Z= ,0785 ZDOT= ,0213

73




_ - weew o -s . " sy [
.
'

SIXE-X .
a0°"0- 9170~ ¥2°0- FA > o¢°0- gy "D- 98°0- ew.o..O
1 1 1 I | 1 i 1 s
~)
o

L

T}

[-}

o 0

) M
o

51 ¢

o

t

]

-

o L0

b= » 1 ¥]

W~ ©

[= ”

b ») ®

x| =2

— B

r.»g bl

- o o
(=]

= 3

Qo

Q

o

2

o S

-~

o0

-l

(]
-
N
o




o
o N
Nw
D¢
<
>
o
<
9
(=]
(o]
Lo
j |
b
P
: m
Lo
1
o
o
( T T ~T T ’;‘
or°t 0¢°'t 00'? 08°0 09°'0 (0) Q1] :
' SIXH-A : 1
| Fig 41. 180° Out of Phase Orbit--Three Months !
"; 75 |




0.00
X-AXIS

-0.40

-0.80

-1.20

1.60

or's 02'1 00°T 08'0 09°0 o 'a
SIXdH=-A

Fig 42. 18 Out of Phase Orbit--Twelve Months

76

‘ ‘ " . - i . »




0e-

[

oa°o

or°'0

SIXy-X
00°0

o¥°0-

o8°n-

0e°1-

09°1-

0r°0 oQ*

080
SIXg-A

!

0g

By

09

180° Out of Phase Orbit--Sixty Months

Fig 43.

77




[w]
w
o
L4
X
X X X
x X X gx X x
% M X -
x e < XX |~
x -
x* X x§"s‘
X X
ﬁy‘i:x:ﬁx
X x x 8
[
(o]
[ o]
K=
eB B2 ®ay
)
‘E nnhntk o -8
® gﬂu 8 Q&nm 8 (o]
® ‘& @ ﬂna
) 8
® o
® @ -
G
(o]
N
1 ¥ L T O.
91°Q 80°0 00°0 80°0- 91°D-

SIXY-XZ

YX-AXIS

Fig 44. Cross Section of Orbit of Fig 43

78

v o o

——

h




0.40 0.BO 1.20

00

0.
X-AXIS

-Uo 40

-0.80

Q

o~N

B

(=]

“

00°2 08°f 0z't 080 N 00 Q'
SIXH-A

.Pig 45. 180° Out of Phase Orbit 60-120 Months

79




o
-
x —y
. X
):( x &X X X X
x xx X x . o
X 1Y)
x x % X ’§>< X " -
x X X
* %
X »
X x x X %
o x % "
x X X b 80—0
- ¢
%
>
D
=)
m
K=
® g
(]
& e
e g8 ® -9 a%
c gFf e ° a 2
P B o] : G
®p pEEY
R g R B8R
"a 2 B 2 ]
(=
-
@ K=
o)
o~
' - .' | o S
1¢°0 €l°g S0'0 €0°0- [1°0- 61°0-
SIXY-XZ
Pig 46. Cross Section of Orbit of Fig 45

80




TN
A/;;éﬁfQi \
s

. /;‘—...:1?\‘\* 1\

N Al N
~ 1] |
¥ [RAR B
i

1.20

0.80

o
mw
Lo
}
Q
S
B0
o
[1a]
v T T T T T
00°'2 09°'l 0¢'t 08°'0 (0} 2] 00 ‘Q
SIXY-A
Pig 47. 180° Out of Phase Orbit 120-180 Months

81




o
w0
o
~
=
X X
X X X o
XX X " —
XX
x X x X x %X
X X
X X % X X Xx oW
X o —
F X
<
>
>
=)
m
- [ o
[~ ] e e . &
® ] g ] %
% R R ]
¥ e eB % “
2 R e ® K=
28 8
[ 8 ® p @ ® &m-%mﬂ
L 2 e
o
B <
"
(o]
~N
| g T T T T :;
9¢°0 —9{'4q 90°'0 ¥0°0- $1°0- ¥ 0~
SIXY-XZ

Fig 48. Cross Section of Orbit of Fig 47

82




0.00

X-AXIS

-0.40

-0.80

-1.20

1.60

00°2 08°l 02'1 0g'0 or'a 000
SIXd-A

Fig 49. 180° Out of Phase Orbit 180-228 Months

83




r
go°2t

00°Q 00y

SIXY-A

1 T
0g°'0 ao*v- 00°8-

Fig 50. 180° Out of Ph

ase Orbit 180-240 Months

84




<

2.00
YX-AXIS

.00

o.

-2.00

T

-4.00

v

1J
08°0

09'0 or'0 0z'r 000
SIXY-X2Z

-6.00

Q2°0-

Fig 51. Cross Section of Orbit of Fig 50

85




The primary conclusion of the report is stable orbits
do exist 1in the three dimensional system. These orbits are
.stable for at least fifty years and allow planners to select
vehicles whose lifetimes compare with this period of
stability. Additionally, The stable orbits are nominally
insensitive to 1injection error and can be maintained with a
small initial correction to the actual stable orbit. The
addition of a marginally stable orbit 180° out of phase with
the stable orbit increases the coverage available to remote
sensing equipnent stationed in the Lacrancian vicinities.
AL, Ut T Lo L - o HE Lo
twenty years, which 1is a sufficient period for an unmanned
satellite. The use of a controller would probably iansure the
stability of that particular orbit for an additional ten

years.
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hindsight, the problem has Dbecome nuci more rigorous than
initially thought. The stable orbit would not have been
found if the =error had not occurred. Further, from an
analysis of the pertinent figures, if a different ephemeris
was selected, the orbit would not have been found either.
Wheeler’s initial conditions are only approximately matched
in the first three months, and then again only after a period

in excess of five years.

The error and ephemeris selection were tested to
define the uniqueness of the stable orbit. The state vector
of Table VI was integrated forward for a random length of
time, where the Uheeler conditicons wore inserted in the
prospect of reproducing the stable orbit. While not
conclusive, the results indicated that the conditions were
unique for a short time period, i.e. five years. The fact
that a stable orbit using the Wheeler conditions at a new
moon was not discovered, does not discount the possibility of
one existing. The fact that the orbits are very ephemeris
oriented should allow for the discovery of one wusing the

correct ephemeris. The search for such an orbit was not

87




A

continued beecange the crghie arntr nan 1irevadsy been lounde.

Further vecodrca it Coin g saould dnelace [ oL

of controllers on all orbits described, to increase thelir
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orbit wusing the Wheeler initial conditions, should ce

continued to prove or disprove the possibility of a stable
orbit éxisting with a starting point as a new moon. Finally,
the orbits described should be extended to the end of their
stability in a search of the stable lifetime. The orbit in
Table VI was actually integrated in excess of sixty years and

showed no sign of decaying inmto instabilicy.
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Appendix A

Subroutine Containing the Equations of Motion

SURROUTINE F(TsXysIXsNEQN)
COMMON/DF IL/GSUN»MIA s MUE s MS » MUy GE ¢ P T
DIMENSION X(18),IX(18)
REAL MDE»MS s MIA s MU
RS=SART ( (ARG (X (1)) IkK2+ (ARS (X (2)) ) kX2+ (ABS(X(3)) ) k¥2)
RM=SART ( (ABS (X (7)) ) %k2+ (ARS(X (8) ) ) XK2+ (AES (X(9)) I kX2)
RC=SQART( (ARS (X(13)) ) kK24 (ABS(X(14)) ) KK2+ (ABS(X(15))) k%2)
RES=SORT ( CARS(X(13)-X (1)) IKX2+ (ABS(X(14)=X(2)) ) kK24 (AKS (X (1
£5)=X(3)) ) %%2)
RCM=SRRT ( CABS(X(13)-X (7)) ) k¥24 (ARS(X(14)~X(8)) kX224 (AES (X (1
85)=X(9)) ykx2)
RMS=SQART( (ABS (X(7)-X{(1)))XK2+ (ABS (X (B)~X(2)) YRkK2+ (ARS (X(9) -
: EX(3)))I%%2)
: - DX(1)=X(4)
= DX (2)=X(S)
: DX(3)=X(6)
: = DX(4)==GSUNXX (1) /RSKK3
: DX (5)=~GSUNXX(2) /RS¥k3
DX (6)=~GSUNKX(3) /RS¥K3
DX(7)=X(10)
DX(8)=X(11)
DX(9)=X(12)
DX (10> =GEX (=X (7) /RMXXF-MSK( (X (7)=X (1)) /RMSXk3+X (1) /RSkX3))
DX (11)=GEX(~X{8) /RMXXF-HESXK( (X(8)-X{2)) /RMSKXkI+X(2) /RSK¥3))
DX (12) =GEX(~X{9) /RMXXF-MSK (X (9)=X(3) ) /RMSK¥I+X (3) /RSKK3)
DX(13)=X(16)
DX(14)=X(17)
DX(15)=X(18)
IX(16)=GEX (= (1-MU) %X (13) /RCKKI-MSK ((X(13)~X(1)) /RCSK*3
S4X (1) /RSKKF) ~MUK( (X(13) =X (7)) /RCMKXI+X(7) /RMK*3))
IX(17)=BEX (- (1-MUIXX(14) /RCKXZ-MEK ((X(14)-X(2)) /RCSKK3I
U BEX(2) /RSKKB) ~MUK (X (14) =X (8) ) /RCHKKI4+X (8) /RMKK3))
DX (18)=BEX (= (1-MU)KX(15) /RCK¥I-MSK ((X(15)-X(3))/RCSKK3I
B+X(3) /RSKKB) ~MUX((X(15)~X(9)) /RCHAKBHX (D) /RMKK3Z))
RETURN
END

PROENERP PO VI P
R ot L s bt

3
3
«




Appendix B

Subroutine For Determining the Velocity Correction Vector

11

%]

>

SUERROUTINE ENT(F»TOUT»I1,1I2vA1yA2+A39X)
COMMON /IFIL/GSUNsMDAYMOEsMSyMUSGEFI
DIMENSION X(18)yXC(1B8)yXD(18)
DIMENSION R1(3)sAL(3)

DIMENSION A(3+3)yRB(3)9sC(3¢3)
DIMENSION WKAREA{(800) s IWORK(30)

REAL MSsMUsMDE MDA

REAL LAT LON

DO 10 KK=1y3

D0 1 I=1,18

XC(IN)=X(I)

Xn¢1)=0,

CONTINUE

IF(I1.GT.1)G0OTO?

AC(1)=A1

AC(2)=A2

AC(3)=A3

IF(I1.LT.7)60T0D11
AC(1)=A1XCOS(A2)XCOS(AT)
AC(2)=A1XSINCA2)XCOS(AJI)
AC(3)=A1XSIN(AZ)

NEQN=18

ERR=1E-9

IFLLAG=1

T=0,

CALL ODE(FyNEQNsXCrTsTOUTsyERRYERRyIFLAGrWKAREA» IWORK)
o 2 1=1,18
XD(I)=XC(I)
CONTINUE

I13=114+2 -

D0 3 I=I1,13
R1CI~-(I1-1))= (XC(I)-AC(I~-(I1-1)))
B(I-(I1-1))=XC(I)
DELTAV=1E-4

D0 4 I=1,3

DO 8 K=1,18
XC(K)=X{(K)
XC(I4+(I2-1))=XC(I+(I2~1))+NELTAV
IFLAG=1

T=0,

CALL ODE(FsNEQNsXCry T+ TOUTsERRYERR IFLAG» WKAREA s IWORK)
0 S J=1,3

ACIy DI =XC(J+(II-1))=XD(J+(T1-1))

Ay I)=AC)»yI)/DELTAV )

CONTINUE

CONTINUE

IDGT=7

N=3

Ni=1

CALL LINV2F(AsNsNsCyINGTyWKAREAY IER)
CALL VMULFF(CsR1sNyNsN1sNsNsBsNsIER)
DO 7 I=1,3
XCI4(I2~-1))=X{I+{I2~-1))-R(I)
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Appendix C

’ Subroutine Used to Transform to the Rotating Frame

SURROUTINE COLROT(IsNsTrXsFPI)
DIMENSION X(18)
THETA=ATAN2(X(8) ¢+ X(7))+FI -
IF(THETA.LT.O) THETA=THETA+2,%FI
A=X(13)XCOS(THETA)+X(14)XSINC(THETA)
B=-X(13)%XSIN(THETA)+X{(14)XCOS(THETA)
C=X(15)
AD=X(16)XCOS(THETAY+X(17)XSIN(THETA)
BI=~-X(16)XSINC(THETA)+X(17)XCOS(THETA)
; IF(I.NE.N)GOTOL
1 FRINTX%y" *

FRINTs® "

PRINTX, *ROTATING FRAME COLONY FOSITION AND' VELOCITY®

FRINTX," *

PRINTXs*X= ®sAs" XDOT= °*sAD

FRINTX,®* °*

FRINTXy"Y= ®sBs*® YDOT= "»ED

FRINTX," °

PRINT%,"Z= "»C»" ZIOT= °*sX(18)

FRINTX," *
1 WRITE(S) TsArRsC

RETURN

END




Appendix D

Plotting Subroutine

10

11

A=X(1)

B=X(I+1)
IFC(A-XL)X(E-XL).GE.0)GO TO 4
XIN=ABRS(X(I)-X(I+1))
DX=XL.-A

DX=DX/XIN
YIN=Y(I+1)-Y(I)
DY=DXXYIN

L=L+1

YX(L)=Y(I)+DY
ZIN=Z(I+1)-2Z(I)
DZ=DNXXZIN

ZX(L)=Z(1)+DZ

CONTINUE

CALL FLOT(0+90.9-3)
PRINTX» *NUMERER OF FLOT?"
REALD 10sHFD

CALL SYMBOL(Q.y0.9.25¢HFDI+ 0.5 2)
FORMAT (1A2)

CALL FLOT(.S5r.5+3)

CALL FLOT(9.25+.5¢2)
CALL PLOT(2.25+46.5+2)
CALL FLOT(.S596.5:2)

CALL PLOTC Sr+592)

CALL PLOT(1.91.4+-3)

CALL SCALE(YXs7.75sLs1)
CALL SCALE(ZXyS.vLs1)

CALL AXIS(0+50.97HYX-AXIS»~797.7590., 9 ¥YX(L+1) oYX (LE2))
CALL AXIS(0+s0.s7HZX-AXIS»7 25,990 v ZX{L+1)sZX(L$+2))

CALL LINE(YXsZXsls1s-2¢1)
CALL LINE(YXsZXrlLs1s-1+4)
CONTINUE

FRINTXs "HOW MANY TO FLOT?"
REAINKy N1

N0 11 II=1,N1
XXCIT)=X(II)

YY(ID)=Y(IID)

CONTINUE

CALL PLOT(15.90.5-3)

CALL PLOT(=e3r~.593)

CalLl FLOT(B.,25,-.5,2)
CAaLL PLOT(8.25+5.9¢2)
CALL FLOT(-.5+5.9,2)

CALL FLOT(=.5r-.5,2)

CALL SCALE(XXr7.75sN1s1)
CALL SCALE(YYsS.yN1s1)

CALL AXIS(0,90,s6HX-AXISs~br7:75904 s XX(N1+1) s XXIN1+2))
CALL AXIS(0.90,9s6HY-AXISr695.9P0.p YY(NL+L) s YY(NL42))

CALL LINE(XXsYYsN1y123052)
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Appendix E

Main Interactive Program

FROGRAM MAINCINFUT»OUTPUT Y TAFPESy TAFES s TAFEZ7 r TAFES)

DIMENSION X(18) sWKAREA(BOO) » IWORK(30)

COMMON /DFIL/GSUNYyMDAYMIEYMSsMUSGEYFI

REAL MS»MUsMDA»MIE

REAL LATsLON

EXTERNAL F

DATA GSUNsMIDAYMIEyMSyMUrGE/1.7442438E452.5695187E-3 ‘
860.268165,328912.,.0121506683,5.238634%9E-2/ L
PI=ACOS(-1.) .-

INITIAL FOSITION VECTOR

oon

FRINTXy "#3 EQUINOX OF 1950.0" :
REWIND 5
REAIN(S) TeX
REWIND 6
NEQN=18
T'—'O .
I=1
N=1
DELTAT=29.530589/30,
TOUT=DELTAT
ERR=1E-9
PRINT*» " INFUT NUMBER OF DAYS TO INTEGRATE--~1874 OR LESS®
READX s NN
CALL COLROT(IyNsTsXsFI)
REWIND 4
CALL COLLOC(TsXsFI)
PRINTX," °*
CALL COLROT(IsNsTsXsFI)
NN=NN+1
[0 2 I=2yNN
IFLAG=1
1 CALL ODE(FsNEQNs Xy T+ TOUT»ERRYyERR IFLAGy WKAREA Y IWORK)
; T=TOUT
= TOUT=TOUT+DELTAT
v CALL COLROTC(IsNMNsTeXsPI)
f CONTINUE
REWIND 7
r WRITE(7)TsX
; : STOF
) : END

N
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Appendix F

Subroutine Used to Locate the Orbit

SUERROUTINE COLLOCK(TsXsFI)

DIMENSION X(18)

THETA=ATAN2(X(8) y X (7)) +FI

IF (THETA.LT.0) THETA=THETA+2.%FI

FRINTXy "INFUT NEW INITIAL CONNITIONS? 1=YES,0=NO"'
READX, N

IF(N.EQ.1)>G0TOD1

PRINTXs *INFUT LELTAS TO INITIAL CONDITIONST?T®
REATIXy N

IF(N.EQ.0) GOTOD2

PRINTXs "INFUT DELTA VALUES®

REAIXy AsRsCrALSENCD -
A1=X{13)XCOSCTHETAY+X(14)XSIN(THETA?
Bi=-X(1Z3)XSINC(THETAY+X(14)XCOSC(THETA)
ANL=X(146)XCOSCTHETA)+X(17)XSINCTHETA)
BO1=~X{(16)XSINCTHETA)Y+X(17)YXCOS(THETA)
A=A+A1

B=F+R1

C=X(15)+C

AD=AT+AlI1

ED=ED+ED1

CD=CIn+X{1i8>

GOTO4

FRINTXy *INFUT NEW INITIAL CONLITIONS®

READXy AsBeCyADRDSCD

CONTINUE

X(13)=AXCOS(THETA) -BXSIN(THETA)
XC14)Y=A%XSIN(THETA)Y+RBXCOS(THETA)>

X(15)=C

X(16)=AOXCOS(THETA)~EBOXSIN(THETA)
XC17)=ADXSINC(THETA) +BIXCOS(THETA)

X¢(18)=CD

FRINTXys *I:0 YOU WANT THE CONDITIONS ON FFILE?®
FRINTXy*" *

READX N

REWIND 8

IF(NL.EQ.1)WRITE(8)T¢X

PRINTX%,* *

FRINTXy® INITIAL CONDITIONS VECTOR®
o 3 1=1,18

PRINT%," ° .

FRINTX,"* X("pIyp®")= *9X(I)
CONTINUE

RETURN

END




xmenses

Hampshire, sraduating from Salen liieh Zcnool in June o: 9ol
In February of 1968, Capt. Tilton attended basic training at
Lackland AFB, Texas. while enlisted he attended various

Ky

technical training scnools and was assigned to Nellis aAF3,

[

Nevada, Clark AB, Phillipine Islands, and Takhli RTAFB,
Thailand, through July 1973. During this period, he attained
sufficient college credit to be accepted to AFIT’s Airman’s
Education  and Commissioning Program and attended the
University of Texas at Austin. He graduated in 1975 with a
BS 1in Aerospace Engineering. Following Officer Training
School, Captain Tilton was assigned to Sunnyvale, AFS,
California where he performed duties as a Satellite

Operations Director.

Captain Tiltonn ayrriod Thorpag Waoaak e in Vi~ nf
1970. They have one son, William, and currently reside in
Dayton, Ohio. Following graduation from AFIT School of
Engineering, Captain Tilton will ©be assigned to SAC Hgs.,
Offutt AFB, Neb. where he will work in the field of

satellite survivability.

96




-~ Unclassiticd R,
QECHRITY CU A AT b T bt A W l-,,;.,‘r ,v.<,,.t*A

- WEAD ING et e,
REPORT DOCUtENTATION PAGE IR ORE COMPLE T
VR PR T MM - - TETOOVT ACUE SS1ON NO| s o T T L T AT AL s hecinas
ATAT/GA/AA/SCD - ‘ N __Anad T
IR (R 1208 B )
;__T-TTACTT:::-TI'S:.;:;:xI!. ! B o S Tyt OF REHORT & 8 Kl
Three Dimensional Orbital Stability About The MS Thesis

Earth-Moon Equilatcral Libration Points T T PEAFORMING 096, RLPORT 1w -

—— — + veerit
7. AUTHORIs) 8. CONTRACT OR GRANT NuUMJd

Howard A. Tilton
Captain, USAF

3 PERFORMING ONGANIZATION NAM: & .Z ALLHESS 0. PROGRAM ELEMENT PROJE . -

AREA & WORK UNI!T NUMBE R
Air Force Institute of Technology (AFIT-EN)
Wright Patterson AFB, OH, 45433

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
12 Dec 1980
13. NUMBER OF PAGES
108
4. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CLASS. (of this repos!

Unclassified

tSa. DECLASSIFICATION DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)
Approved for public release
AW AFR 190-17 Frederic C. Lynch, Major, USAF

%0 DEC 1980 Director of Public Affairs

18. SUPPLEMENTARY NOTES

19. KEY WPRDS (Continue on reverse side 1f necessary and identifv by block number)
Stability of the Earth-Moon-Sun-L4 System
Four Body Stability
Four Body Problem
Ly ,
L5 ;
20, ADSTRACT (Continue on reverse side If necessary and identily by block number) ;
A search for a stable three dimensional orbit for a satellite about L& ic
performed. A proposed two dimensional very restricted orbit is used to supply
the initial conditions required for the search. An ephemeris of high accuracy
is generated from a specific date and time using actual positions for the sun
and moon. The generated sun and moon position and velocity vectors are used
in the integration of the system's equations of motion. A stable orbit is
found and is tested for its length of stability. The orbit is found to have a

FORM
DD | an 75 1473  €DITION OF 1 NOV 6315 OBSOLETE Unclassificd

SECURITY CLASSIFICATION OF THIS PAGE (When Date Fotered)




Une Tanaified

L e S T ) [ B N L L N IR 8

e

200 Totant iy tios in oo s of s bundved T synodic coeathsl 1
coc Ty of i arhit to the wun' o mocn s pos i tion i teniou

. ' -
! . : RERE Soib T e o rros o posii Uian of i

quartor Jay. Finally, a predicted 1507 out of phase orbit ic found and -
determined to be only marginally stablc.

Un(‘]‘\'.ﬂi fic:d

St ot T AL AT D 2ot vhen Dnte b

R P LT . . - ‘
et it o aamieuoiinaten ﬂ‘JI







