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ABSTRACT

o’
This report presents the results of a study conducted to determine
the feasibility, from an orbital mechanics viewpoint, of utilizing a perma-

nent Orbital Launch Facility (OLF) to support missions to Mars and Venus
during the 1975 - 1990 time period.

Twenty-seven Earth departure windows were selected for Mars
and Venus missions in the 15-year period. The required nodal orientation
a vehicle must have for a coplanar injection into an Earth escape trajectory
was calculated for each of the Earth departure windows.

An arbitrarily-chosen OLF orbit was then projected through all the
27 windows. This OLF orbit was completely compatible with all Earth
departure windows except two, and was compatible with these two with
only minor additional velocity requirements.
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UTILIZATION OF AN ORBITAL LAUNCH FACILITY
FOR PLANETARY MISSIONS

By Robert M. Croft
George C. Marshall Space Flight Center

SUMMARY

This report presents the results of a study conducted to determine
the feasibility, from an orbital mechanics viewpoint, of utilizing a
'""permanent'' Orbital Launch Facility (OLF) to support missions to Mars
and Venus during the 1975 - 1990 time period.

Twenty-seven Earth departure windows of approximately 40 days'
duration each were selected for Mars and Venus missions in the 15-year
period. The required nodal orientation a vehicle must have for a coplanar
injection into an Earth escape trajectory was calculated for each of the
Earth departure windows.

An arbitrarily-chosen OLF orbit was then established and projected
through all the Mars and Venus missions selected for this study. This OLF
orbit was completely compatible with all Earth departure windows except
two, and was compatible with these latter two with only minor additional
energy requirements.

Twenty-six Earth departure windows were investigated for general
compatibility and eighteen of these were compatible with all possible nodal
orientations of an OLF orbit. The remaining eight departure windows

were compatible with 75 to 99 percent of all possible orientations of the
OLF orbit.

Although the level of effort available for this study did not permit
a comprehensive investigation of the problem, it leaves no doubt that an
OLF would be feasible, from an orbital mechanics viewpoint, to support
successive missions to Mars and Venus in the 1975 - 1990 time period.




SECTION I. INTRODUCTION

One of the major tasks of the National Aeronautics and Space
Administration (NASA) is planning for the manned exploration of space.
Because of the long lead time associated with the development of
-advanced propulsion systems, launch vehicles, and related systems, it
is necegsary to study various potential missions and their requirements.

Many of the planetary missions under consideration propose an
Earth orbital launch operation for mission completion. A study is presently
underway by Ling—Temco-VOught (I.TV) entitled '"Advanced Orbital Launch
Operations' (Contract NAS 8-5344) which investigates different modes of
providing the orbital support required to assemble, fuel, maintain and
repair, check out and count down the mission launch vehicle.

One mode investigated by LTV for Orbital Launch Operations (OLO)
is characterized by OLO crewmen and equinment being permanently based
in orbit in an Orbital Launch Facility (OLF). The OLF serves as a base
of operations around which are centered the operations required for orbital
launch.

Since the OLF would be required to support various planetary
missions for several years, it is necessary to determine what constraints,
if any, are placed on the OLF by Earth departure windows, i.e., will the
OLF orbit have the proper nodal orientation such that a coplanar launch
can be made at some time within a 40-day Earth departure window regard-
less of the mission target (Mars or Venus), mission duration (long or short)
or launch year (1975 -1990).

The limited amount of effort which could be expended, although
sufficient for the limited objectives of the study, did not permit a
detailed analysis of the problem; therefore a representative series of
Mars and Venus missions during the 1975 - 1990 time period was selected.

Both long-duration and short-duration missions to Mars were
investigated, and 16 Earth departure windows were determined for the
1975 - 1990 time period.

Ten Earth departure windows based on long-duration missions
were investigated for Venus. It should be noted that the same Earth
departure windows were assumed for both the long- and short-duration




Venus missions, since the velocity requirements at Earth departure
did not change appreciably when compared with other windows within
a conjunction year.

It should be emphasized that the purpose of this study was not to
determine optimum KEarth departure windows, but to investigate the orbital
mechanics feasibility of utilizing a single permanent Orbital Launch Facility
for a variety of missions over several years.

Table 1 summarizes the Earth departure windows selected for this
study.

SECTION II. ASSUMPTIONS

The following is a summary of the basic assumptions used in this
study:

(1) Patch conic approximation. The patched conic approximation
is ideally suited to preliminary analyses of interplanetary trajectories
where the rapid computation of a large amount of data is required. In
this technique, the interplanetary trajectories are broken into five phases
and the vehicle is assumed to be moving in a conic trajectory with respect
to the central body of interest during each phase (Earth - Sun ~ Planet =
Sun - Earth). The conics generated are ''patched together'" to form a
complete interplanetary trajectory. The primary area of interest in this
study is the Earth-escape portion of the interplanetary trajectory.

(2) All velocity additions are impulsive. This gives a very good
approximation and allows an analytical treatment of the problem.

(3) Only single impulse maneuvers are considered. The launch
window for a multiple impulse maneuver for planetary escape would be
essentially the same as for a single impulse maneuver.

(4) Midcourse maneuvers are not considered. This maneuver is
performed during the interplanetary phase of the mission and is not
influenced significantly by the planetary departure window.

(5) Planetary oblateness effects. In the patched conic approximation,
the gravitational field of the Earth is simulated by a central, inverse square
variation force field about a point mass, which ignores the effect of the
Earth's oblateness. The oblateness effect is treated as follows:




(a) Oblateness is not considered for the Earth departure
trajectory since its effect only becomes noticable at low orbital altitudes
after long periods of time.

(b) Since theOrbital Launch Facility may stay in Earth orbit
several years, oblateness must be taken into account to describe the
OLF's motion. In this study, the effect of oblateness is accounted for by
using a first-order approximation for the regression of the line of nodes
of the parking orbit.

(6) Parking orbit inclination of the OLF - 32 degrees. The reason
for assuming this value is discussed below. However, the inclination has
considerable influence on the duration and frequency of occurrence of the
orbital launch window. This is an area in which additional study effort
would be useful.

(7) Parking orbit altitude of the OLF - 485 km. This altitude was
assumed for reasons discussed below. However, a trade-off study of
payload to orbit versus orbital launch requirements would be useful.

(8) Perigee altitude of nominal escape hyperbola - 485 km (tangential
launch). This is the nominal case for the orbital launch window calculations.
Variations in perigee due to a few minutes' variation in launch time do occur,
however, and have been investigated in references 1 and 2.

As stated in assumptions (6) and (7) above, the operational orbit
selected for the Orbital Launch Facility has an inclination of 32 degrees
and an altitude of 485 km. Two main factors influenced the selection of
the orbit: (1) The operational orbit selected is a rendezvous-compatible
orbit which makes available a daily Earth-to-OLF -orbit launch without a
plane change (reference 3); (2) this orbit is based on a study by LTV,
entitled '"Advanced Orbital Launch Operations.' In the LTV study, round
trips from Earth orbit to Lunar orbit and then back to Earth orbit were
studied from two viewpoints. In one case, a permanent Earth orbital
support vehicle was used as a base for the Lunar Ferry employed in this
mission. In this case, only two translunar orbital launch windows per
54-day period are possible. The nodal regression rate of the OLF
operational orbit selected above is equal to one-half the mean motion of
the Moon about the Earth. This synchronization of the two motions allows
the whole geometrical picture to recur every two Lunar revolutions
(54 days). Therefore, the operational orbit selected would make the OLF
available for round trip Lunar missions as well as the Mars and Venus
missions (reference 1).




SECTION III. EARTH DEPARTURE AND
ORBITAL LAUNCH WINDOWS

A. Earth Departure Window

Figure 1 shows the outbound leg of a typical transplanetary
trajectory. The hyperbolic excess velocity (V ), as shown in Figure ],
can be defined as the velocity relative to the planet in excess of that
required to escape the gravitational attraction of the planet and, when
added to the Earth's orbiting velocity (V@), gives the heliocentric velocity
of the vehicle. The plane of the transplanetary orbit must contain the
position of the departure planet at departure, the Sun, and the position of
the target planet at arrival. The inclination of the transfer plane to the
orbit plane of the departure planet and the required departure velocity
vary considerably with the relative positions of the departure and
arrival planets; therefore, the feasible times for launching into these
interplanetary transfers are limited to a few weeks during each synodic
period. The Earth departure window may now be defined as that range
of departure dates, from the Earth's sphere of influence, in which a
mission vehicle has the capability to inject into the required transplane-
tary trajectory and to accomplish the subsequent phases of the mission.

Target Planet

FIGURE 1. - TYPICAL TRANSPLANETARY TRAJECTORY




Figures 4, 6, and 8 show Earth departure windows for Mars and Venus
missions in the 1975 - 1990 time period. The variation of the hyperbolic
excess velocity with time due to the above mentioned conditions can be
seen from these figures. Also shown in these figures is the year-to-year
variation of the minimum energy requirements. This variation is due to
the positions of the planets in their respective orbits relative to perihelion
and the line of nodes of the two orbits.

B. Orbital Launch Window

Earth departure windows are usually defined without reference to
how a given geocentric escape hyperbola (which connects to the required
transplanetary trajectory) can be entered from an Earth parking orbit.
During preliminary studies of interplanetary missions, it is generally
assumed that launch from Earth orbit occurs with an instantaneous burn
at perigee of an escape hyperbola with the departure trajectory lying in the
parking orbit plane. Figure 2 shows this situation and defines the declina-
tion (6 ) and right ascension (o) of the hyperbolic excess velocity vector (V).
For a more detailed analysis of the above-mentioned windows, see
references 2 and 3.

Injection
Point

FIGURE 2. - GEOMETRY OF COPLANAR INJECTION




For a coplanar launch, the right ascension of the ascending node
of the parking orbit (2. ) and escape hyperbola (Qy) must be equal. Also,
the inclination of the parking orbit (iss) must equal the inclination of the
escape hyperbola (ih), and the declination of the V4 vector must be less
than or equal to the inclination of the parking orbit to launch without a
plane change. The plane of the parking orbit, however, moves with a
nodal regression rate of about 7 degrees per day while the orientation of
an escape hyperbola changes rather slowly with time. Thus, the escape
hyperbola and parking orbit are coplanar (the condition for minimum
injection velocity, AV) for only a short period of time. After this time,
the parking orbit rotates out of plane (due to the Earth's oblateness) and
the injection AV increases. Therefore, the orbital launch window may be
defined as that range of permissible departure dates from the Earth
parking orbit, within the Earth departure window, in which a vehicle has
the capability to make the proper plane changes out of Earth orbit and
to achieve the required injection velocity into the escape hyperbola.

SECTION IV. METHOD OF ANALYSIS

Interplanetary trajectory data (heliocentric portion) were obtained
from references 4 and 5 for Mars missions in the 1975 - 1986 time period,
and Venus missions in the 1975 - 1990 time period. Trajectories to Mars
in the 1988 - 1990 time period were calculated on a high-speed digital
computer using a medium-accuracy interplanetary trajectory program
developed for MSFC as a part of contract NAS 8-2469. Both long- and
short-duration missions were considered.

Figure 3 shows a typical example of the method employed in this
study to determine the orbital mechanics feasibility of a permanent OLF.
Earth escape hyperbola orientations required to match the pre-computed
heliocentric transfer trajectories of the Earth departure window were
calculated as a function of injection time. This nodal orientation (2}) as
a function of time is shown in Figure 3-a as a dashed curve. Figure 3-a
also shows that two solutions exist for the escape hyperbola orientation
(th) and(QhZ) except when the declination (6 ) equals the parking orbit
inclination (igg).

An OLF orientation (st) is then assumed on some reference date.
As time progresses, the orientation of the OLF changes at a constant rate
(due to the Earth's oblateness) and the parking orbit becomes coplanar with
the required escape hyperbola at point 1, as shown in Figure 3-a. At this
time, minimum velocity injection conditions exist since a plane change is
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not required at hyperbolic injection. After this time, the parking orbit
rotates out of plane and the injection AV increases until the parking orbit
again becomes coplanar with the second solution of the required escape
hyperbola (point 2). Figure 3-b indicates how the velocity requirements
vary as a function of injection time for the above-mentioned conditions.
The dashed curve in Figure 3-b, which represents the Earth departure
window referenced to Earth orbit, was derived under the assumption
that the orbit of the OLF is always coplanar with the Earth escape

8




hyperbola connecting to the required interplanetary trajectory. However,
it can be seen from Figure 3-a that this coplanarity cannot be maintained
for an extended time, and a plane change will be required to enter the
required escape hyperbola. The other curves in Figure 3-b represent
the orbital launch windows which indicate the AV required to compensate
for the required plane changes and injection velocity out of Earth orbit.

In summary, the method employed to determine the orbital
mechanics constraints on a permanent OLF consists of the following steps:

(1) The required escape hyperbola orientations to match the trans-
planetary trajectories of the Earth departure window are calculated and
plotted as in Figure 3-a.

(2) A series of OLF nodal orientations ranging from 0 to 360 degrees
is assumed on some reference date before the Earth departure window opens
(only one OLF orientation is shown in Figure 3-a).

(3) As time progresses, these orientations regress from the reference
date into the Earth departure window and intersect the required escape hyper-
bola orientations.

(4) If all possible OLF orientations (0 to 360 degrees) intersect the
escape hyperbola orientations within the Earth departure window,. then a
coplanar launch could be made regardless of the OLF's orientation on the
reference date.

(5) The above procedure must be repeated for all Earth departure
windows in the 1975 - 1990 time period to assure that all windows are com-
patible with the OLF.

SECTION V. DISCUSSION AND RESULTS

The selection of the 32-degree inclination limits the Earth departure
declination to a maximum of 32 degrees if injection is to be accomplished
without a plane change. Figures 5, 7, and 9 show the declination of the
V,, vector for the Mars and Venus missions selected for this study. Where
this declination exceeds the 32 degrees, the launch windows are terminated

as shown in Figures 4 and 8.

The following approach was taken to determine the probability that
a single OLF could service a series of Mars and Venus missions. A total



of 26 Earth departure windows of approximately 40 days' duration each

was selected for Mars and Venus missions in the 1975 - 1990 time period.
Figure 4 shows the Earth departure windows (referenced to sphere of
influence) for long-duration missions to Mars during this period. Figure 6
shows the short-duration missions to Mars. In the case of Venus missions,
there exist 10 conjunctions in the 1975 - 1990 time period from which Earth
departure windows can be obtained. Figure 8 shows only 5 of the 10 Earth
departure windows. However, the 1975 conjunction is an almost exact
repetition of the 1983 conjunction, and can be used as a very close approxi-
mation merely by adding 2920 days to the 1975 reference date. The same
procedure is applicable for the other conjunctions. The outbound trajectory
leg trip times to Venus were not changed for the long- and short-duration
missions. Only the stay time at Venus and the inbound leg trip time were
changed, which results in long- and short-duration missions as referred to
herein.

Orientations of the Earth escape hyperbolas required to match the
transplanetary trajectories of the Earth departure windows were then
calculated. These orientations (Qh and Qh ) are shown in Figure 10 for
a short-duration Mars mission in 1975. It was then assumed that an OLF
had been placed in orbit previous to 1975, was checked out to launch a
vehicle to Mars, and was holding on 244-2490 J.D. The next problem
was to determine if the orbit launch vehicle, regardless of the orbit
orientation, can hit the launch window which opens on 244-2520 J.D.
and closes on 244-2560 J.D. A series of nodal orientations (referenced
to 244-2490 J.D.) ranging from O to 360 degrees in 30-degree increments
was assumed for the OLF orbit. As time progresses, these OLF orbit
orientations (2, ) regress from the reference point into the Earth departure
window. The intersection of the {2, trace and the required escape hyper-
bola orientation (2} ) determines the exact escape hyperbola and OLF orbit
for coplanar injection conditions. It can be seen from Figure 10 that
regardless of the OLF orientation on 244-2490 J.D. a coplanar launch can
be made within the 40-day Earth departure window. To more thoroughly
explain Figure 10, assume an OLF orbit orientation of 255 = 240 degrees
on 244-2490 J.D. The first coplanar launch opportunity will occur on
244-2524 J.D. which is the intersection of the 240-degree §2__ line and
the th curve. A second coplanar launch opportunity occurs approximately
21 days later on 244-2545.2 J.D. when the OLF has the same orientation
as the second solution of the required escape hyperbola. A plane change
would be required to launch at any other time within the Earth departure
window. Figure 10 also shows an Earth departure window of approximately
28 days would be sufficient to cover all possible OLF orbit orientations of
the 1975 opposition.
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It is apparent from the above analyses that if all possible OLF
orbit orientations are compatible with all the 1975 - 1990 Earth departure
windows then, from the standpoint of orbital mechanics, a permanent

-Orbital Launch Facility could be used for successive launches to Mars
and Venus during the 1975 - 1990 time period.

Figures 11 and 12, and Figures 14 through 31 show the launch
window compatibility for successive missions to Mars and Venus. The
reference point for the OLF orientation is the first date on each figure.
These figures are similar to Figure 10, and most provide 100 percent
coverage of the OLF orientations. Another example of launch window
compatibility is Figure 18 which shows a long-duration Mars mission
in 1980. It can be seen from this figure that the two solutions for the
required escape hyperbola orjentation converge to one solution. This
is due to the inclination of the parking orbit being equal to the declina-
tion of the V_ vector at this point. It can be seen that this window does
not provide full coverage (143-210 degrees not covered) of the OLF
orientation due to this constraint.

Table 2 presents a summary of the Mars and Venus missions
indicating which windows receive full coverage of the OLF orientations.
It can be seen from this table that 12 of the 16 Mars windows and 6 or
the 10 Venus windows receive full coverage. The 1978, 1980, 1986,
and 1988 Venus windows would provide full orientation coverage if the
Farth departure windows were extended to 40 days (see Figure 8). This
could be accomplished in some cases by having a greater inclination of
the OLF orbit.

Since 100 percent orientation coverage did not exist in all cases,
it was decided to establish a reference OLF orbit in 1975 and project
this orbit through all Earth departure windows to determine the extent
of coverage. A 1975 Mars flyby mission was selected as the reference
mission. This mission selection was based on an MSFC in-house Venus/
Mars flyby study. The optimum Earth departure date for this mission
occurs on 244-2680 J.D. with Mars flyby on 244-2810 J.D. Arrival
back at Earth occurs on 244-3350 J.D. (reference 6). A minor problem
existed in the selection of this mission in that the declination of the V
vector on 244-2680 J.D. was slightly greater than the inclination of the
OLF orbit. However, since the declination was only a few degrees
larger than the inclination, the plane change was very small (requiring
only 40 meters /second more than a coplanar launch). Figure 13 shows
the required OLF orientation such that the injection velocity on 244 -
2680 J.D. will be a minimum. Also shown is the AV required for
injection before and after the nominal launch date.

11



The same OLF orbit resulting from the above analyses was
then projected through all Earth departure windows calculated for the
Mars and Venus missions. The dashed lines in Figures 10 through 31,
running parallel to the 2 lines, depict the various nodal orientations
of this OLF orbit as a function of time.

It should be emphasized that the OLF orbit was chosen for the
1975 Mars flyby mission only. The dashed lines in Figures 10 through
31 represent the nodal regression of this orbit, and indicate the com-
patibility of the orbit with the other launch windows shown in the figures
mentioned. The compatibility of this orbit with each of the Mars and
Venus missions for the 1975 - 1990 period is shown in Table 3. A total
of 27 missions to Mars and Venus is covered during this time period.
The representative orbit indicated by the dashed line is completely
compatible with 25 of the missions. The other two cases, the Mars
flyby mission (Figure 13) and a 1982 Mars mission (Figure 22), are
those where the OLF orbit inclination is slightly less than the minimum
inclination of the escape trajectory (declination of V). These two can
be considered to be compatible since, as mentioned above, an energy
of only about 40 meters /second greater than a coplanar launch is
necessary to account for this slight difference in inclination.

This indicates that orbit launch window constraints do not
significantly affect the feasibility of using a single, permanent Orbital

Launch Facility for any desired mission to Mars and Venus.

Additional information on the orbital launch windows resulting
from the above analysis is presented in the Appendix.
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M FIGURE 5. EARTH DEPARTURE DECLINATION FOR LONG DURATION
H geEasd MARS MISSIONS (OPPOSITION YEARS 1975-1990)

NS ORSES NN RS
H T
H e
THH- H 18 H sas
1 1 1t H1+1+ »— e I {1
~H 1 I T ERT H H jliisses
Ratas H A H
HHH i_: mEEs b ul wha auges Tz 1 L H 1] 8 ESSER, ase
tHE 40 T 5 HHH

, iiisiige Opposition Year
H T U L i

xxxxxxxx
TITIITIIILT

1980 i
H Se8siasEaEEaaans HHH R R

R Beatitl 1978 1

s T IS It e i i I
SHinE S b e st AR R A ey sl
HiHEN : il i 1975 il
B bt I H BRBRI R, g uuddiabi I 11 11 M
B il ] 1990 FEETT L
SECIEHHLIEIN i) gssasssEsatEEt s : pHEEEY 1984 Hif AR
o H 10 R {ESREES! i H H1H H HiH Hin i 1 {*Hnﬁ_‘r» ‘ HT 1
BRI aanny i e T 1988 [
A o il Rl B E B Bt L s
it A A A A i filfi
i fisistianntsatiihichicts : e HHEITNEHH i i sl
H aEniand isee b gt B ; f 4 HH - HH HINH G E ] [ L A
et PIE i St i aisitls e
R e L NG SReiies
} H [ i HHET T TN | ] 28
H ] 11 § LT I a8 E T H A H H § T
il i IR HRLELEIN 1986 SRS
T L A o B !
iy i i i HHE AR
- 40 ; i BB I st T
s 10 ABBREELE o it 10 HEHHEED 20 Hinie
L L TIME~ DAYS Sfoifb e et
383 | 1 ] ]l L SEasE! EITRRIEAEAsH T
TR | L HHEE SR R e b
R L e e R L R




1990)
5700
244-6480
244-7300

1990 244-7990

A O AT

iuBSuons pan;

244-2540

1978 244-3320

1980 244-4200
244-4960

T 1984 244-

T

HHHHH

1

f
s
{

I
e

t

J. D, At T=0

1975

T

£ 1986
1988

o

1975
1978
1990

1980
el

T
s
TITET

Hit 1982

s
T
b

me= ¥
e

it

M

I
aai

F o]+

: Opposition Year

S5a uusnphauy Fuy

g
x
T
T
T

i

T+

T
T
L

T

i
e

T
H

(OPPOSITION YEARS 1975

Pride o
R ae
i

e

TR

- r
i

o

Bee

=
“H

T

1

TIME ~ DAYS

'Zr‘m

pud
ke &

ey

ST

EARTH HYPERBOLIC DEPARTURE SPEED FOR SHORT

DURATION MARS MISSIONS

T

220
240
190
260

ImEn;

T

1
T

240

4 FIGURE 6,

T

15




EARTH DEPARTURE DECLINATION FOR SHORT DURATION

MARS MISSIONS (OPPOSITION YEARS 1975~ 1990)

L7 FIGURE 7.

10n
IR

Ot

Opposit

16




HHHi FIGURE 8, EARTH HYPERBOLIC DEPARTURE SPEED FOR E
gl . VENUS MISSIONS (CONJUNCTION YEARS 1975-1990
- k" ! i f1 1] _Hri ’.'”. I I Ty rHH I ,V}T T HH1H
H1 “‘i;_, 1 sl idis i faguns : ._,::_,L t’L Hr TH
L : e i
R BE T IR SacasEectiteie
Conjunction Year f HE f
§ s L i i Mt i
F 1977,1985 i 1 g
.130 ; i iz
j 1978,1986 4 | B it 8
E_— F T H HH o st i ]
126 g z e i
" (? I :
i 4 1975,1983 L 4 ]
FHTE HHEH o 2 Afo__
3 ; F DESHESES
F o lZZF H &O HHOE ~ Ay Jo
tH gy as| 1'r ~ ¥y
AT f R
:j'o
N
£ H i~
5.118 :
p ¥ J.D. At T=0
Lj 114 i i 1975 244-2578
- 1977 244-3160
3 i 1978 244-3734
f : . 1980 244-4360
= . 110 ‘ 1982 244-4914
Ty £ ‘ : 1983 244-5498
f 1985 244-6080
1986 244-6654
106§ : 1988 244-7280
: 1990 244-7825
HHiE1982,1990 :
AR 1980, 1988 ] i
.102 ; i
=20 -10 § 0 ! 0 20
i : TIME~DAYS
g i i g e e e
Y e g e Rk s LA acaerenaia osss ccs 4 scss ecaasten Y

17




f : , 4
.
>
TITTTT T aos T T T 1348 sunasaeass nanssnagEs Snkzs s 7 T T T
! T e e : ! 188 on
iy Pl r I o } T T T |
ad e N povi m% d Q MEH.H ] , e H-1 + . e 1 jwwh jogeuns sesns iy + ises:
. : R S ; T 1
i [RES s i o e T HH i ot ,ONI§OTII‘1 1
: B £ 0 : EEEE R i B EE e VC =
i I . : ;
b ; . - r T foet BE RS,
- 1 s T
aF = =. > : =t Y
+ —1 S5 8:
84 - 1 - he ol
: 1 i -
: : , sase = 0¢
=
H et .
¢ DR Sire e e e e . v ne i y t b T
; I farasl - e T oy oS ; : T e
g ' 1 prigss et T T u P~ ek SRans wa!
8 -1 [ SHEERE 1 + T =T 3 I 1 T ger =
% ; 1 . . r—o t
- - -l ik SRS & ey S b oo
i P — -y
g gyna ' e 2 T
= 1.. V - Y', ) ESNeS! S T
: T j ;
u; o e ¥ o _edifet I 1 e 1 T it , b
1 iy T an o [aa: T [P a e nn eSS NERE ] uwat i ] = T
DR IReS T T A1 [N e 1
e : s i i 7 o t
- " asnna
X Bt T - = et =t ;
- T >
- e > o ; .
>t 1]
: il 9ot T i ]
- = - T ; + 0
e = aa moa T i ; H
P = i : e < : H + jaa aboes o I ot
T i~y i g~ t o ami maq t o : it
. > 8 “ ] T it Il
. b
<. 2 1
S :U/ﬂ‘r —
e Z g
” . — ’
; - Py i . ST T T T 0
T iR Raw ! i S
! ; T o i t
P os I ; - T Tt i e
N T T T Tt
1
bas =t B
— =
- 1 — T T 1
-1 N [
b
B ; : P H
||||| - - . T ping e T H
vvvvv Bn b s ; 3 {8 o : : 01 H
t e i == >
- MDEEDY Sy n T T e 1 T
— = L 1 e swae T
T ~ T T =
o e T t — - 1]
g = e - o T
T - ]
sl they s e I hind
] L < t e
it at See ; F—==
= b nes o b T, : ON
i - -+ =N : T T et St ue
s i = inasy jiameliy il -
I ) T 1 b A TN SR T
: ¥
sEsp S i 5 = s wy Bee 3 ]
sags g SREgs okt e e & = e
axs eeeemyy Sysas e ; —
e = : S o
Bis ; S Blvwe =) s o : o - —
nuwm‘ in it - - - 2 aunt 0¢
an T T T T T t
) : : * I + t :
e elitest bemus. japas tnees tuds e ~ :
e gouy s JEnay Tngne pmmmt st H man st jog e t
EEeR SRR ee 1 1 1 e M T T e
7 : : T T T H ——
i s
I = " T I — b S
: H e fpa e e o : T I e
: e = =
! R idytes: i EEsaaE: —
1 it : i “ + : u t
Saggel: i ; T i i : : T ==t
T - T : HT TR T s
T [AREEAR ST S as 1 1 T i i nans Bai e S
i ) i .t : jans ; i H : T
ot e Amae o ; ;
H .,TVLIA : Iaaa it i By =t Y " . — y- H
. T DS B R FEEEY PEE RS SRS Sy RSN FRsT ISR RS 83558 T
b PpSy ema guy =
T 7
; - c! N SNO SONANTA :
! (0661-GL61 SHVIA NOILLODNASL 0D) ISSIN N : e :
1 T T : T : T
! Vv Vv c@ I : : !
I MOJd NOILVNITDAAd FYNIYVAEd HIYVE qHINOIA gkt JESSEE e iat!

SOAA ~ T9

18




IL¥OHS V ¥04 ALTTIGILVAWNOD MOANIM HONNVT

‘01 IYNDIA

H : T
il
S NOILDHELNI 4O HLVJ NVITAL
: ! j
onk t
HEH 0192
; ! i
: T ]
T
1 T t +
T
W D e
i n
Ndmc »
: o] I
m - & mu.u... H
e
il HETH = hd
,, e S o B
c e B o
N i BH oo T
o EER L B
4,2 i TS b
O T T o I
2o s © H
_ T T =
HT Ao T e s
B ] + i 1
e : i
Zr ﬂ :
I t 1
e :
w/ : T
SGEK N
X b T 1. T T
L : : i
. i i
T X : :
ENINERER S
kY ,‘f ” T It
L3 X HHE
T + ; 1
ek h g : ]
" - w
i {vas H H i maat
(SL6T IVA A NOILISOddO) NOISSIW SYVIN NOILLVINd a8

19




T r T T msaan T
T e . =t: T T ; T
1 B T T 1 il T T
3 s 1 1 1

: t T T
HZH JO F1IvVd Zd.H..HD.h : : i 5 ;
I T T =
: HH : jass an IS Snaeusananss: - :
P cdas femasnnan suns: sua: auwanaons Asass saus: t ysenssams o : jmasass st {
T S ESuas pssanas ceaussssan seRREE: 1 : P : T aass
L ,,_ : T 1+t ] Tt 1 t 11 man
! i : : : t - jan: nesasas somss
! oLe? = 0667 ¥ = :
: T T T - T . i
T i yeziip: T 7T T e
1 " 1 T L ot T
! "
I ;
T » 11 + -
T ; : =
jnsaas :
B Ssosdsnses annesmuu: t [ansaauanasss! jeges nas! 7 I
SasasESEs =s. H Sisssasalssessmssnas o : f
: ARSI 1 11 e e 1 i I 1
; HH mmas v T
: o j2an: = T
! t o —
V, 1 b T ;
jau= . veat T - - + st gaammanses
‘adsas + T
T N T jaas; T : i
g sogas
f Hy T : : : 2E
e ; -
NN T -+ T T : ) -+ ]
+ + BE SEEDE\ § 1801 T T — - 184
jan: N 88 Faasa sas: aee jaa can 2] ek
! N
ane: PN T it T T } T Tt ABGasURSES &awe s uns
g t N T us e BEgBENEaussEEmmsREE A 5 ]
N xH } o e s F
N I 1 T 091
? t X :
i T N T T F—+ s T oo s v
in b W T T T 171 - + t
T \ t A tH
RN o :
! 3 pt
X : r
)i Fﬂ 1 ﬂ! >>_ 1 = L
I X X o
N T T T -y N T T + + T
T t maszmmns - iae oo [ TS : H .
ST ; !
NI as enna: H asmass faans sas: 0 Tt ! jassgssuss ! ot
X } : H : e
NN HH T imesuasssusaasazsssoazas ) 8 aes: 1 o =
T T 1 L T &I T L
1 : ] B en semcaGusE Ann: 0 t
b T T T T IS B b __,
{ f T ; T t t P T !
t
f ; 1 Sasnnuni T
: + t ! o soaass:
: 2se i Y :

AN

F
o=
> =
Tt T : -
O Qrt : : 9
} 7 7 7 -
a2 PR : 2 i ase: =
:
; : X o o\ e e e e i
) : - N N5 B Ty —
+ T o) ¢ sauna. Sues . + e 1 1 =
o oaanat waen: - 0¥?7 =
" [y - t X jBean: & o ) =
} T T : A i
[~/ -~ I T X 1
® HERF N 9
A Wi T 7 b N . 3 S
D o P T X iy : T
A N- N T joua nm! o St ;
NG , , N Esaa fonaa: T
[ X T 5 1 B o soms.
2 N X I T Ty ] T s T
: Q X S RN e e T
! .
X e © R : N : H ! t : ! 2ses i
3 " T ﬂ‘f T T T 0y H
N ! 3 £ 08¢ =
%
o T K X : T T o =
(@) N N X, s
: N % % Yot 1
@) ) 1 \ X, X, X,
: % >
fa) A N 7 X % S = —
v X o, X % =
o) o 5~ %nsa ¥ T X TN N X T it |
% N X X % % Jesss:
K ; X ;
3 T 3 % ! : NI =
An) T T e X ) 1T e VEBSSE EE 1
) : o e R IR R EEsesess ! = =
T ﬂ nn) ' 1 N N A ¥ X X s W T\ T T
] - = N N N\ % & \as =
4 O = N X } X, Y % = =
B “o ysats L L X N, 3 & :
® f : N X 5 i S —+ 07¢ =
T N 3 HE A Y N b W b - —
& X 8 T} X X X N r
rauas X + X I X W N
31 f N X NG
) N : % X :
! 1 } Ht . N N i 1 -
"y .Yy 1 X1T I I X L% + 1 1 1
s Wamanat t Hry S mauzamey N !
HH AR T H-Y X : eSS SAEAR RS, ¢ SeSSANEN 18 Sumamas IRESmSREL Y - jESane!
: ; ; : ! ;
T P 1 XN X HH T T : PN X; T =4
T 1 N . N ! 1 % %
! 99@ ! X N T X oy = ESo2 e
HH PO NEEENEEK e == S
T . X X 2 b X . 1 X o oom
T T N1 T T
F X
; X :
T . 1 T p———
I 1 T + T ..
aasenaclen: HH
T T } tr T
! | R e T
f 1 T Ihe nunEe anas T ]
i . : : SaaEtsesean T
, T : S ey masussusey
: ! e goe
, 11 +
1 I _ 1 T +
(e861-GL6T m)m.d«nm;x» ZOH_HOZDHZOUV ZOHmmHz : : x
—-, T _, »,
& : ;
SANTA V YOI ALTTIFIILVAWOD MOANIM HONAVTT 11 IINDIA ey : : H
his 1T 1 T 1T T 1
S ESaasuRans Set: e T

20




3 NOILDALNI 40 TLVA NVITIAL

21

00LZ 0892 0992 0%92 0292-%%2

o
H

,
e - 2
T 7] ;
: : :
(/] f
T NARENE
B S
T MARBEE
o IO
() T T
o® ; f
" 2] t
:
+H ® :
T U I
: : :
: : e aaAa = 0 : : T
: : : t
7 H— ; @ :
T T 7 th
X + 09¢
I EIn! aezans ;
+ 4 X “ T J, [ESIESS & N 11
: e 3 ¢ : ;W He i
: Y & X s eoss e . o T
X 3 NN 1 o I
S = % ; ;
X =y e ?
: = % . SSEESSTR UERELY = : :
: % Ny : == i
: : T
T A Y 1 . Tt
«<\, TTH ;,r_ 1 —m_

ssaaas

5
£
O HT
Ny
it

!

SHEAA ~ U 4

Q

1
o
®

il

.........

)
A
b
o
N
—_

: ToXh 0 ] i :

. TGN X f :

: o &ﬁw\ _ s e

| o 0N N T » i

: 6&%\ N NS :

” : Q i N : I A O«w.ﬂ e
(SL6T YVAA NOILLISOddO) NOISSIN SYVIN NOLLVINd W

DNOT V ¥OJ AITTIILVAINOD MOANIM HONNVT °21 TUYNDIA Hiih i




I st e R R R E R -r,_u.nﬁwihpmhuﬁdﬂ

1 NOILOTINI 40 ILVA NVITAL |

I

QSSNDEGSV

1

g SiSes
(5L6T YVAX NOILISOJJO)

NOISSIN A9ATd SYVIN V ¥OJI NOILVINITEO LIdd0
ONISTIVd ANV MOANIM HONAVT TVLIIEIO HIYVA ‘¢l J¥gndld

22




NOILDALNI 4O HLVA NVITNAL !
06 0ST¢ 0€TE 011€-%¥7 ;
S = ot 091
W BRI e
: W ” T e ,,
” : o : - : i
: : 0 e o
: : St : ~ 002 5
: . h HiEs
X T : = @
X n v : ; ,. H R o :
: T, ] T aope 0 EEEES
W i ! ss = ! !
W 3 : 5565 5 Y : e
: N = % 3 - t : 0¥ 7
A , = X b SR B ! : o Z =
= 5 £ NEEHENEEEN I : e o S Bl e :
: : NfrieabE N il 2y B SRS ® bt £
S LN i o : N O ﬂ LSRR e : m :
: , ” , : % N m : : it , 087 =
: HN NG o w : B
t W TN ! ,” H Q\JWF\/ mq, j ! Hr : “ %. sus
: 1) ﬁ : FEe
: : : et Hh i
: o S : 07¢ k&
3 o, : :
" 03/ ot £ HHEEE
« : : AT ; _ , ; ! i
: K o< EEHES HHE
TN o\ e AR
IR ‘ HESrEE 09€
ﬁ,,, Qﬂb M st it _
EREEE % : i o
; > : : HEEE i
R - ,” = Hi 0%
2 ; :
: ® T ,
ot : _ : e ] :
Q EH Tt = 1 _ \W * : ,_m ,mw H,» : H : T t t "m;
| , e e 08 £=
(6861 B LL6T SUVEIX NOLLONNLNOD) NOISSIN » : ,
: SANTA V YOI ALITIGILVAWOD MOGNIM HONAVT °*»1 TUADII  Foiis: :

23



asINASseEEs e

1S58 apeid somny s us
e

.m‘.i ,w =

e b 2 i

P a2 T 38
: 15 =

MLM ~,A = T ; : | N

£ ; S Shn ¢

= - e o

s , &=

5k b e Q
= o I.,w

St L

e 1 (861 ¥VEA NOILISOJJO) NOISSIN S¥V N NOLLVENA

EEma !  LWOHS V ¥OJ ALITISILVAWOD MOANIM HONNVT ‘ST @¥NDIL

24



T
.
auan 1
m T
HHH T
eus:
i TITIT- IREES SREEE SRR JPITIRG T
E: H qu.m jysonaiainl selhs “;fm‘_ HEIT
amam I H i
o ERSS ..
i [2 43 i
Sasa : 1
N A b
Hr it H
B T
HH T
saus
HE :
HH 1
o1 T
asunggns :
HT +
Sau T
Fr T ; o
aEa t
asus; T o
: -
# ; =
aess t 1 )
! ®
T e
jasan B
B b
Saapagaps:
sEeset o
nasaE : ! Y
SEdumas! e m.o..
seadnegse *
ShEmRe -
& B
e
WIH T
ReSanpS PRy sammnnal
xnﬂ.llu AT
e
T T
i + I
bt T
asad ]
Tva. T »
e jaa:
Sarseayss T
- + A
H H
HH +
un T
HH
P
s e e
e T
b t
SeaeNEws JNEURARE U]
T
. T
susugARaN:
=
T T
I 13 1
u )i

T
H

T
t
i "
1

(8L61 YVA A NOILISOddO0) NOISSIWN SYVIN NOILVINd

EEEE ; ONOT ¥V YOI ALTTIFILVAWOD MOANIM HONAVT 91 TYNDIL




T T T iB8eRES suauassnussannunsons vatnnnuTLs! westtnransatannaneenvanay susnEnnas: ™ T T
amane I T " sans TITITY TTIT :
s R : P et o v 5 S
H o eneae
tH T 1t
a1 [ T i+ ind
il TR 21 NOLLDALNI 0 ALVd NVITIQA =t Eas
HHH T T
: : SRt e S SR TSR URN—— . s P
“m T (13 T I A, \.1«\ “ THT . SESS e + I - i : T I
1 ; s suaas — — -
e t —t T T
T T Ses sasass: W+*Om\|ﬂ — ~3h7 = sasaps! | e
1 o L 7 | B IESORANEE Bemian e
Eies jun=a : LSRR SEAY HH- ane s ; T s S S 53
H o d rH gesszssEsssase e SSSaas gastnmomes ]
+ t T o T T
ansn i + = anmmaama: sesesms wasssas R
nEs t T t yG aas joaan o s s Sty ans e e
-+ SREEN AN ERSs RnaTY naa1 i e T : Wmmw}n,
na: T T a o) T + f T
- o am " e, : Thrrrs
A HE 1 Tt pusEsabe: ¥ "e = yupaune i 111.1!\”
H Ht o T e e e A
1 it 11 : T : fine xnons
e HH5 jasa: aan=s + T 3 e S g e ants
T T jRENsaEREuws. e > s | Db e iy . gme
v N SR aa Ry S sa Hrre— s = i ges = 4t e
NN R T T s [ s g See s aue S B A R + -~
2aa N I f Ses S omied v e e ———
siesincisntesti AL E ; L R oo e i e | =1
H X = prmsanes aeaecem = e
T A Y T i PE e e ) T ! +
. Jue dua. yanpanam s t : ] jn s v foadd = 1 =
Vi T NEB T T 1 T IS UES S RUGS T i 1 1 HT P Sy — B
L " 1T TR ) ) s LIS S T wn b ) T
T F + S e ey St P sbamans cava SR uY Exany : - D9 aEmEs Romen s nga]
o SuSN b ™ T S5 Nalmns NS gu T T T p 1 I S SRSEE bty g a|
1 it SeSanss toe Eranas jER Smam L e s s i Tt e N s muj — [Enas
s 58 aS: T Saa) =] H fesawas o ! ’ OwN,ll.rul ]
ong o - r ka: T =
bR : e — o 3 - >
TEF EsoieT) EEES HE oot T i : )
i} 3 : Bet. (o2 T i T = P e e B e 7 : ek
e, -~ -
raaa; Tt iDp s T - i ]
it - i e s g et e e e e e e jsstoema
pa T ] t H iSasnsaNs T MSNSTE o u S NS o s 1 b
T
! SeTSsEaIIaEEMY z EEsctesmnaes: . ! e e e asen: s
N X T : 1 —+ =1 juanaas 1 + _.ﬁ
; N ety N T T 0 s : T R T
+ T s nass:
T T T 88 T e pmea b T pui b=t TITT Noad
T § H IS e - T i 1 | - ysa
i b TN T SIS e e o ! osEraN e o i
R e i = S ; —==+087 ;
F nau: _ 1
2t i : L T I
t Same 503 b en i 8 Pas, 1 : w) = T TR so=cncanas
: £E25e Vovasses, testooar Bessacsetpaen T p 3 .
aas tum, N N T T o
7 t Xt an s vagas T H —+ ¢ . SEaS Anawy awn;
oA e 18 1 } o e - et — Tt
H N F e SR e S 0 e ; S
+ - . mmna muy iahas - + ~+ : i eRas:
os: X RS, §aa: T T T P B i } SEZases It
t Ea N e TR S St Emme! THiiTT 2
H AT R == 2 SEmmae e o =T i e sm Baeas ags Sagaas: ¥
et PN [»} A ; e Aasw, T - ¥ N
T X L t -
1 X 3a v Ko e : - o =
: b X = - fuae s 3
t ta B [#) f . TN Bpensa , - T 88 & um
B each van 1P N N 1 i } aumersnnas f red
T 1 0 \r T iy 1 T I ERA NSNS D] ] .”Hﬁ
+ 7 ar3y A t +- ; : S
- T NaE s - e T T =
-+t H N s T 8¢ nans
! TN AaREna Qh S . X eae =t t S e aam T T —
; i I 1 .y
i — » 1 + N T T =,
[ 171 T s samaa HH — Bgmus n
: N O %G, S Xe=1% EamaEee 125! e e T IEiaSismaestie
o HH H < TN T s T T TH 1 et
B _ TR R LN N E ; ! H : 2
t T A NSO T } ot L t
1 T Iy B ol PN BES T T h % T T T -
1 v ) ) T T T T
e N N ¢ N IEe aEh e T 4
T T P 8 NI S. ¥ o T T T T + L8
= N5 e t : ve eens aa! T T T
f + T RS B XT t H I o
= 1 SEasvanssE 1 TN e T : X IEeanmb Vs nanass TeNs REnRs =B e o= -m 1 s =
H 1 ianas Va8 sianna VA T NIRRT : TN ENE O TS 1 ~HTE t IaaE Seaanedend sRRSCEALE)
[ 1 P nan, s B8 ! t s T » rwa f Ea T TITLT
R ¥ i PN R e E st s st
- + t aunes: X + { T
H T Ry E. L Qx 1 X T T [T I 3 T 1
1 T - t N T - 1S B + et 1
L HING S am; ) i st saene e ; Esaininy = = =t SEssity
H SuSnsnaNE aaRi C T T 7 be wwns s & + —+
s Ressae us smpen T
v 4 5T T + 1 By T
Bk i L.le (o} o] TR TH N G 1 T S & HL
+ jmasssaclel h Noi b Eaans N o ! S T 1 jas msas, H Eanaasant
H =H e \Vr Jaaat S152 R gasas N T 0 H e
H ; N ey nasy T 1 L Vi o 8 A s H
1 < e 1 P NEA ¢ - .
= =il e»wwr sy s £ IRETE ; RGN i !
ay T sae t 7 H ¢ ak - f { PGS | SNk T rve T T
s pesRsbaa] SiasnaRs O' TR San XN NG t £ - =ams T
Seitns: Sotiisticiaisacazs: ; X T IR T R R TR AfEfszmtivans L e NSt
=aummEuasssas HH t T HH Hi HH 1 X N 2a > imana: thrh
T < I g1 IBEE NI Ik Wi T 1 N AN 1 T g
o T I INRNN SQNES e T I T 91 + + S R + T+t
P X SASR §ERE1 )" T T EESNA venNS SRS T lawe) 5 i HT friH]
i e + : 1 : N t HEH RE=s! T
REssaEn T 1 T T T Y ¥ 1 = :
b 2 } H X =8 o Seeasieh taia feass jomes
HH £ : A H e 8 H s N 1 far £ FHEEE 08
EH = t P _ ;
T A daanan ! ISau Bul T . H iSpasses an, T TN T EReEERaRS 5 ra e aat
T Hrt omu: H 1 =z mEan a8 ; HIH 1 T :
+H HH : assesss ine SesEeey HH Fomrr e
= H I : T Ewaan: T T iamEE bnuan vEnys nun:
! et jaes: ¥ o w3 Rae HH+ Sagscan: a5 jun: T
I 28 + o2 Sann ae : T Sae seaes t
t + :
b B T t e TSSsasansu Sat: Easjaams dncastaost Saneaaces Saac: e
- T N + : 1T T T T T T N T
SN ot T T T i BoEnE T T T 't _.W Uiks
+ ] H e HH T = } HHH
sEves e 1 = 1 A HE ST 3
thr a2 1 95 sovss tnas e T
t-1 3 T
2=
H (9861 R 8L6T SYVHX NOILDONNLNOD) NOISSIN a51s2
ESs: ! aza e
. F
SONTA V ¥OJd ALTTIHILVANOD MOQNIM HONAV'T ‘LT JEINDIY  HH
H

26




27

TR e fEaSEEass senanasna nunassnsian: P A A A T I ST
!
T :
002% 081% 021%-v%7
i , i
R ! a5t
e et : t :
TR : ;
_r_;m t m 1
EStanes : W 0zt
it I r ! e
T + T + " +
1 it
X T Sno
7 man
: t i b q_w LHH S
! | a5 : : } H
X iy o 0
= , 5 & ﬁ i
T L T (3 H
e , ) o
T : ! N g
X )
1 X - Ny HH- o ; s
i N 5 K o 1
- 7 X AN, O §e ” oy
= : b SEEEk : HRE O © » o i :
i EnIE Etass L e > ! HH £ e+ EEREE ]
| _ 1 : e Xox o I Rase i
F ; RE O 8 oy T i ! 2
7 - A ; + [ =2 t 1 T
: A NNy O <« g l
: i =3 N N, O , i 08 5 9
: = iEnG et O 8 G ; i
T HT ™h O 5] Q
= __ e TN t O\ aseac : 0
i : 5 e X X D :
! : : gL _10. 00! 5 _” 1 :
Tt t T t ) ._.Hﬁ !
— s LR O\ A 071
= e g &) (4 T
u; 1 ® T
¥ »A o BaE Q T
: ;
: i
?
091
; )
T ,A
: :
T ng
__ AW !
f 1 T
:
L : 0072
i d
i 1
| :
: :
- T yS B I T TP s :
gs _ e o : , Easassritantiasse T SEASeIsssEENs Sissian: aSEeEs:
b : T R e e e e e e ey e
1 . T T
(0861 ¥VIA NOILISOdJO) NOISSIN SYVI NOILVINd
1T I A Y * 1 1
i Y DNOT V 404 ALTTIALLVAWOD MOANIM HONOVT ‘81 HYNDIA sibbe gty




| NOILOHE NI IO ALVA NVITAL ]

o i s O LRSS S o P e e

T T

&3

T
T

T
T
T
T
T

saguanesani
T
ju

E
T

I

3 -+‘ltL
.

H

i

“"lmn I

t

1

2

T
v

T
T

T
4

0

TH

inal
T
T

ST

e S sNe P ERe st AhLs,

At
+

H + Hit R RRRR AR, S ERTRESEREE SRR

(0861 VA X NOILISOJIJO) NOISSIN SYVIN NOILVINd
H LYOHS V ¥OJd ALITIIILVAWOD MOANIM HONAVT 61 TYNDIIL

s

28




ol t H A T HT
: NOILDJACNI 40 FLVA NVITASL _w
= » : ; i og it
: i "O w : _ _;
@ b
g ]
,,,,, & u 02¢ s
rh . Tk ;
T (14 1
e _ 5
o r " -
4 : i
o i g it
? t TTT H‘
- T 3 T I8N t 1
o© B ;
§ A : 49
T - ! T i ~
1 fEa Sy 0% 1 O
: _ e
! “ 92
08 i
m 021
091
: (8861 R 0861 SYVHA NOLLONALNOD) NOISSIN
W SOANTA V ¥OJ ALITISILVAWOD MOAGNIM HONNVT °07 IYNOLI i i e iy

29



B e S S LR B

ZOH,HUHHZH J0 F1Lvd Z.eﬂd.bh

> .t[[:.}wf.i : s ———t , : :,OON j==;

: w jadpess :, + ;H ;,t[_ z, M:_ E, HE L t : ,*
_ S (0661 B 2861 SYVHX zoﬁoz:hzoov NOISSIN T i H
s gINTA V ¥OJd ALTTIGILVAWOD MOANIM HONAVT *1Z T9NOId g e e e A

30



NOILD

NI 4O TLVA NVITIArL

TIIT

T
s

Bangunel fki

31

91¥(J 920UdJ193)9Yy Ss 8

Bguge FruNy N

(2861 YVAX
ONOT V 4

OJd ALITIFIIVAWOD MOANIM HONNVT

‘22 F9NOIA




ngugneus: yas e A

rpeee

IR eSS s sasnsasy

93e  adusiojay
e

== : =002

T - == w,,‘>1l e = 2

F « - wWHwMtIqu f Bt e t

e ———0¥2= U

- RS s swas sl U |

e e TSRt IRV N IERSSEETSs EOeeeet S —— =tk ()

= += : S —= &
, e ———fosz—
e e ” e 026 =
EEEE G e N eameEee
NIRRT SRR TN N R R s e e —
I e s : HiBitn e i ey e 09
i St ant sl it e {EailamERHtintr ” i g iz Sl EEE EEEER SRS
HHEE B R s RSN e T e R A e e e e e A e e e P e e

i (z861 UVEL on,EmonEQ onmmHE SYVIN NOILLvVINd B e

3 I¥OHS V ¥OJd ALTTIGILVAWNOD MOANIM HONNVT ‘€7 TYNDIA & S R B R

32




TR T TET R T T

ZOHHUMH.ZH ,mO H,H<Q Zﬂdbh

a3t Sh2gaan

$861 YVHA ZOH_HHmOnﬁanV ZOHmez m,mejz ZOH.H).\MDQ
TWOHS V 404 ALTTIFILVAWOD MOANIM HONNV'I

¥2 39NDIA

33



R B o e B s e ER RS EEEES ST SeTasTAEs] NeaBe Souuk IEREE Il J S L T EnaSOuai puei NS e t - - ;

= ‘.WﬁOAH.H_UHhZH J0O FLVA NVITINL

[eas RSt - T

1 4

puse gy Vnyl,ﬂcg,rixl - Wwv 3!“1(”{ ﬁ,,a.——d N ov!Juwfl‘iwla./HL = - N : C S
e e e E s e e = o
i s e Rt e Sp T et e
S 5L RS e, it ot o e s o et e s w a2 _&i : ,,,,;ﬂ = 1 t. aﬁ ;.M,:H. = s rh
SEE (5861 YVAA NOILISOdJO) NOISSIN SYVIN NOILVENd - s ,
i ONOT V ¥OJ ALTTIGILVAWOD MOAQNIM HONNVT °62 TUODIA  Emtaemmismtmnnnsoy

34




s T P T !
; : : HHE NOILOWLNI IO ELVd NVITAr
i _ S po R 0559 0£$9-557
= 082
sfi Uzs e 3 H
o i 1]
: T « T HH rH
” e H02¢ -
T 1 LnsY * L
1
o ]
T [y
£ : m e §
o : ; o : m
X Ry : : 09¢ H
O R T A t T e
e 3 M
e K ssash £ Py ! : i
= : e 2ha s _, 2
N S S Eagnis s e - : HEE 1
% : - e oy o
3 , i , e B
W N M t = jos D
: R : ey ”
N . : i : " 08 i
5 _ 02T i
T t i ﬁ
(986T YVAX NOILLISOJIAC) NOISSIN SHVIN NOILVY¥N
L¥OHS V ¥OJ. ALTTIGILVAWNOD MOANIM HONNVT °*97 TYNOILT

35




[P SuMEN QI SMRDE GUEETIMMEE S

H‘ A0 ILVA NVIIAL

[} cuve Saut Fongs Skl Sesmusetl faeps ket

= e SP0Ys SYmas + e

R s e e (9861 YVA X NOILISOdJO) NOISSIN SYVIN NOILLVYNd =
S s DONOT V ¥OJ ALITIGILVAWOD MOANIM HONAVT ‘L7 WYNDLI Lot : S

36



TP D i i
! NOTILOEINI 0 ALVA NVITACL §
aeEaL e 0LzL 4
T | O
@ e TR e
i frb o gesgisasel
T e EEERIESt 0¥
e e nan L - P R H L
+ ' t U] TR T - $3e e HH
i H t ! e H
TR 0 HEEhe 35 iih
m T B i3
+ + e m F- 13
: “ b = i 08 &
. o t T
: = & :
X + ] : :
SEEeEEi00?
....... : ; , EHEEETE 057
mEEEEnIEE = B i e Bt L s e e e R i i e e e S :
(8861 YVHA NOILISOdJO) NOISSITIN SYVIN NOILVINd m i
LYOHS V ¥OJ ALITIGILVAWOD MOANIM HONAVT ‘87 TUNDII b e

37




DS SURRS STRES RRESR AREE IEERR RN ; ! T W T m T NSRS | T . T T 7 ._..ﬁ,.. ﬁ
e . |

i |

' 1
{

NOILDALNI A0 FIVA NVIINL

i
t

|

t

Wrw T ; L R S
: ~ 09¢L w . ovEL ¢ _ AR AT 0Z§L - ‘\ - 00SL-BH7: ,.y ‘‘‘‘‘

DI SN ISANENS RSN ; ! L 0971- |
; ‘ ‘ : 'y i
G
T i
-~ Z B f PO - . w
m ; o) - .
: w . 00¢ !
B : 0 i
[ O — -
i ; oo, : ;
T T o - ;
: i L : jng : i -
: e R A [ St S b
! e ] . -
— 0 4 -
- o ,N R
L0 . - -]
B¢ ]
O _
P _ i
[ H
[0 i

T
t

S DRNURSUDEY SOUSEPERGS SESSE SEAEU SUSE i SR SR YOS U I= ; ; :
(8861 YVEA NOILISOdJO) NOISSIN SYVIN NOILVINd
DONOT V 404 ALITIAILVAWOD MOANIM HONNVT 67 TYNDIA

38




LYOHS V Y04 ALTTIAILVAWOD MOANIM HONNVT

0¢

; AT T T T e T
T ! f
A0 ma«d zﬂq
R R R
- 086L : : 5 0964 0v6L-P¥7 T
e o 02Z¢
= i
] * + = ~ RN
22 ko] 09¢
z I
@ _ g :
L H PENRENS SN - x». . T S Suan
& b
. T 1 =+ { s Iy
o e @ BT R Saiaantate soeet: 1
R RSN BBl : = iRas e ja ol
T ot e 0F
o t H =} : ] RE8s nanan it
=t 5 b s e HE
iiRaianss = (0] s s e TREeat! -
S a i e i s S
T , e =
: T o o=hr pRp T
T TR 4 08 = 2
R b mEEE
+ T H ,, I
: A N_ 1 i G
L : i i)
T ” T mp » . A_HH«_W %
> ' 071
i
! : ! ,” =
T 1 . +
IEEE R s cet ﬂ
NN T - juas: el
s ; = 091 =
(T N\ T RS § B R Hi 1
; = : s AaSesana s
t B T T - ja
; B
T T + .
IS5 58Es) r ;
:
oty
: L
o i
I « T
_ _
_ﬂ
=
3
X :
% B aia o}
. et
(0661 VI A NOILISOdJO) NOISSIWN SYVIN NOILLVINd
.

39




TT T T 1nave: T T T prane spmas: T T TY T T T T T T T an T T
Gae ot T | AR R e e R T e P R et s ; : Tt 5|
S Psrticaensazss susneasuns STy ey ! , S ! = H HHH i +
4 1 T i T ol e 1 }
: ot t ; ! — :
EEESER = | = NOLLOELNI J0 ILVA NVITAL Foi : S
- T : t T H il T 1 E——
; e pees, : ! : s
iy A } oss
_014_M = S Syeas apus sey T T b 1 T 1 = 1 1
. PET— - -
— - ! ey ,
- oLT8 : 0G18 0¢18 =t 0118 0608-¥%7 =
T n
T T
o - e i1 st T T eStne:
o oy 7 I : : I > snmanas
- T Py —F . —]
+ f I T t T Elmipe
—+ - it t " e ees
L 4 T
T :
T i i = 3
: ; ol i ; E O [efes sansa
T T T
: et T o 1
e : T [EEEN Raa s dna:
f aanaut ; t I
+ - 1 t yuEal T
T o EEmaw;
T ine T oS Sues T
: : T i =]
T
T T Inas SEa e sae)
eseEs: u JoR e ansmE EanE nE!
: ss o C T e ass
: rau n e nen: b — ]
= : . ey Buata
, g o =t 08
i " i (o] + —
L wutyd Ssape soant o =
) iy
: o i :
: ; ]
" 1 r IS T
o 1 N 1 e :
: > po pram
e o, =] i =
T ITEsEs
,. " T o T 1
Ivaae Be AR t
; ; T 1 : T
1 T t o tH
H S 021
s el v) =t
: essam: [\ 3 1 £ at
T Ig . —1t T t
4+ a T T 1 T
T T
; T o,
RS + HHE 1 =
T t iann wa T * L 1
T T H 1 T 1 T HH
1B 1 T T 1 T 1 1 be 11 I s
e e S R G
T e apnal
T T a4 o it wooﬂrbh 3
T maven: tTHES T t T 2 a
T T
T T SEat s [®)
F T T bt T T 1
T f T t : -
; I + T - 1
Tt 1 T t
T T i1 o T : t1
e : e T T T
+ 17 T
s et + T
; T t ] T t
= 1007 HEn
T
Thr : .
T IIVETENE oui
+
T T
T T
T
1
s + ey m:
+ pu i
1T 1 1 T
T it T
! T
Frot T
T T T
s n
T . T i T T
T i
1 T
, T ++
e T -+
T H b :
e : ot
1 T
T : S :
joua bad 3¢ - ;
T T i I - }
jana st asgasessas: + - T
+ T s b jawy T 4 T
: T aaits 1 +
7
T 1 T : H o T it
5% o3 Tt t ; T T HHT
I =y H e, T atsasas T 1
. T
T : = ee: T + t Tt + t : s 1
DS AN St St i ISEOS 58006 Sun T It L t : Y "
(0661 YVI A NOILISO ) NOIS v vy :
O) NOISSIIN SYVIN NOILVINa : :
ONOT V 404 ALTTIAILVANOD MOANIM HONAVT °1€ AYNDII : : :
bs nnus T et
M t et
B b HIT

40




TABLE 1., - SUMMARY OF EARTH DEPARTURE WINDOWS
SELECTED FOR STUDY

Julian Date

of Earth Outbound Inbound Total Trip
Oppos Departure Time Stay Time Time Time
Year +20 Days (Days) (Days) (Days) (Days)

Mars Missions (Long-duration)
1975 244-2673 380 390 180 950
1978 244-3425 340 430 190 960
1980 244-4167 350 430 200 980
1982 244-4942 320 500 170 990
1984 244-5745 300 480 180 960
1986 244-6540 270 510 180 960
1988 244-7348 190 580 160 930
1990 244-8142 380 370 180 930
Mars Missions (Short-duration)

1975 244-2540 220 20 250 490
1978 244-3320 240 20 260 520
1980 244-4200 200 20 200 420
1982 244-4960 220 20 220 460
1984 244-5700 280 20 220 520
1986 244-6480 260 20 220 500
1988 244-7300 190 20 260 470
1990 244-7990 240 20 260 520

Julian Date Inbound Total Trip

of Earth Outbound Stay Time Time Time
Conj Departure Time Long/Short Long/Short LongAhort
Year +20 Days (Days) (Days) SDays) (Days)

Venus Missions (Long/Short-duration)

1975 244-2578 120 510/20 110/270 740/410
1977 244-3160 120 490/20 100/280 710/420
1978 244-3734 120 520/20 110/270 750/410
1980 244-4360 160 440/20 110/320 710/500
1982 244-4914 170 450/20 120/320 740/510
1983 244-5498 120 510/20 110/270 740/410
1985 244-6080 120 490/20 100/280 710/420
1986 244-6654 120 520/20 110/270 750/410
1988 244-7280 160 440/20 110/320 710/500
1990 244-7825 170 450/20 120/320 740/510
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TABLE 2. - SUMMARY OF LAUNCH WINDOW
GENERAL COMPATIBILITY

Opposition/ Earth Departure Orientations Orientations
Conjunction Window Duration Not Covered Covered
Year (Days) (Deg) (Percent)

Mars Missions (Long-duration)

1975 40 - 100.0
1978 40 168-195 92.5
1980 37 143-210 81.4
1982 39 210-270 83.3
1984 40 - 100.0
1986 40 - 100.0
1988 40 - 100.0
1990 40 - 100.0

Mars Missions (Short-duration)

1975 40 - 100.0
1978 40 - 100.0
1980 40 150-240 75.0
1982 40 - 100.0
1984 40 - 100.0
1986 40 - 100.0
1988 40 - 100.0
1990 40 - 100.0

Venus Missions (Long- and Short-duration)

1975, 1983 37 - 100.0
1977, 1985 40 - 100.0
1978, 1986 30 116-120 98.9
1980, 1988 33 150-180 91.7
1982, 1990 40 - 100. 0
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TABLE 3. - SUMMARY OF LAUNCH WINDOW COMPATIBILITY
REFERENCED TO 1975 MARS FLYBY MISSION

Opposition /Conjunction Year

OLF Compatible with Earth

1975
1978
1980
1982
1984
1986
1988
1990

1975
1978
1980
1982
1984
1986
1988
1990

Departure Window

Mars Missions (Long-duration)

Mars Missions (Short-duration)

Yes
Yes
Yes
No {(qualified)
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Venus Missions (Long- and Short-duration)

1975
1977
1978
1980
1982
1983
1985
1986
1988
1990

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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SECTION VI. CONCLUSIONS

Although this study has been limited in scope and level of effort,
it leaves no doubt that a single, permanent OLF can be compatible with
almost all possible missions to Mars and Venus during the operational
life of the OLF. This is especially true if the series of missions and
launch dates is known so that the OLF orbit can be established with the
proper initial orientation so as to be compatible with the planned missions.

The following conclusions are a result of this study effort:

(1) The orbital launch window criteria does not impose any
particular constraint on the feasibility of a permanent Orbital Launch
Facility.

(2) A total of 27 Earth departure windows for Mars and Venus
missions during the 1975 - 1990 period was investigated. An arbitrarily-
chosen OLF orbit was completely compatible with all of these except two,
and was compatible with these latter two with only minor additional
energy requirements.

(3) Of the 26 Earth departure windows investigated for general
compatibility, 18 were compatible with all possible orientations of an
OLF orbit. The remaining 8 launch windows were compatible with
75 - 99 percent of all possible orientations. The 1975 Mars flyby mission
launch window was not investigated for general OLF orbit orientation
compatibility.

(4) Increasing the inclination angle of the OLF orbit would increase
the percentage compatibility of the eight cases that were not completely
compatible.

(5) The inclination of the OLF orbit has considerable influence
on the attainability and duration of the orbital launch windows. If, for
instance, the Earth escape velocity asymptote, V_, declination is
greater than the OLF orbit inclination, then a coplanar launch is not
possible. This area needs additional investigation.

(6) A few possibilities exist for varying the nodal regression rate
of the OLF orbit in order to influence the orbit compatibility with a partic-
ular launch window. One method of doing this is to permit the orbital alti-
tude of the OLF to vary by natural orbital decay due to air drag. After the
increased precession rate has accomplished the desired change, normal
station-keeping would reestablish the proper altitude. This area also needs
more investigation.
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APPENDIX

ORBITAL LAUNCH WINDOWS

This section presents orbital launch windows derived from a
portion of the available Earth departure windows for Mars and Venus
missions in the 1975 - 1990 time period.

Figure A-1, which was derived from Figure 14, presents a
family of orbital launch windows for a Venus mission in 1977 and 1985.
It can be seen from Figures 14 and A-1 that regardless of the OLF's
orientation it will hit the 1977 and 1985 window. It can also be seen in
Figure 14 that two coplanar solutions exist for some orientations, and
that three coplanar launch opportunities occur for the 240-degree
orientation. The dashed line which envelopes the family of orbital launch
windows in Figure A-1 is the Earth departure window referenced to
Earth orbit. This Earth departure window defines the velocity required
to inject into an escape hyperbola without a plane change. The three
points where the 240-degree orbital launch window meets the Earth
departure window represent coplanar injection conditions. The coplanar
launch opportunities for the 240-degree orientation occur on 244-3140.5,
244-3160, and 244-3179.5 J.D. At all other times within the 40-day Earth
departure window a plane change is necessary to inject into the required
escape hyperbola. This is evident by the AV variation in Figure A-1.
A AV limit of 6 km /sec was arbitrarily set for the orbital launch windows
in Figure A-1 in order to compare the window widths for the various
orientations. It can be seen from this figure that the maximum orbital
launch window occurs for the 240-degree orientation case. Launch can
be made on any of the 40 days without exceeding the 6 km /sec limit.
The minimum window duration (approximately 5.6 days) occurs for the
60-degree orientation. Therfore, it can be seen that the orientation of
the OLF greatly influences the orbital launch window duration.

Figures A-2 and A-3 show orbital launch windows for short-
duration Mars missions in 1978 and 1982, respectively. Orbital launch
windows for long-duration missions to Mars in 1984 and 1986 are presented
in Figure A-4 and Figure A-5. A summary of these windows for various
orientations is shown in Table A-1.
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