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ABSTRACT /0103

The problem of return to earth from an orbit Mt
the moon has been investigated., The orbit is essumed to
be retrograde (opposite the moon's rotation) a:d uxcnmd
to the 1unar equator by not more than 20 dogrou e e

'I‘he method of trajectory calculatiorn und
of the ephemerides of earth, moon, 931;4 s,
is made for three times in March 1

BEarth 1 sites comuom are at lmmm
and San Antonio, « The reentry tions £o
at these pnm are chosen wm ot bha ;

Iinjection conﬁitim for
conditions
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SECTION I. INTRODUCTION

As part of a larger effort to establish the feasibility
of lunar orbit rendezvous as a method for manned lunar
exploration, a study has been made of the return injection
conditions which might be required for such a mission,

This report presents the results of the study. :

SECTION II. DISCUSSION
A. PROBLEM STATEMENT
The problem at hand is to determine the injection

‘conditions which might be utilized for a return flight to

earth from an orbit about the moon with a viaw toward the
determination also of what "injection nm is available,

The orbit is assumed to be retrograde (opposite the m‘l,
rotation) and inclined to the lunar eqnltor'hy~nn§ ‘ -

than 20 degrees.
B. REENTRY CRITERIA

At raanzry 1ntc‘thﬂ c&nbhﬁo tﬂla~u,
trajectory must have the correct directio
assure that the vehicle arrives at ti
area and is not suhd;,ﬁ“ to 1y
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deceleration loads, In a final analysis a reentry window could
be established which would represent all sets of acceptable
seentry conditions, and which would be determined by the

exact aerodynamic characteristics of the vehicle and the
flexibility of the guldance and control system. In this

study, however, the reentry window 1s approximated by

choosing most of the reentry parameters at a nominal value.

Work done by the author and others at this center, as
well as information available in the literature, was con-
sidered in the cholce of the reentry conditions. Reentry
is assumed to take place at a radius of 6498 km from the
earth's center., Since the trajectorles were calculated for
an ellipsoidal earth, this means reentry altitude was
allowed to vary slightly with latitude of reentry. The
range from reentry to touchdown 1s taken as 4300 n.m. or
72 degrees of central angle., This is about the average
range of the Apollo type craft when returning from the
moon. Path angle of 6 degrees below horizontal is approxi-
mately the direction of reentry which is satisfactory for
most vehicles of the type likely to be used for the mission
and 1s chosen as nominal here,

Reentry veloclty was not restricted to a fixed value
for the followlng reasons, For the veloclties considered
for the departure the reentry velocity measured in a non-
rotating frame varies by only 50 m/s even though return
transit times range from 55 to 100 hours. Thus, when the
reentry veloclty 1s measured with respect to the rotating
earth, for all cases reentering with eastward direction
(azimuth between O and 180 degrees), the velocity extremes
encountered are 10,600 to 11,000 m/s. This variation of
400 m/s with respect to the atmosphere is not critical for
those velocity magnitudes encountered.

Under these assumptions conceining reentry veloclty we
have, in effect, neglected the earth's rotation and assumed
that all reentry situations wlll require the same range to
touchdown. Thus, if we would also neglect the non-spherical
shape ¢f the earth, the reentry points would lie on a circle
with the touchdown site at the center.

If the touchdown location is specified, spherical
trigonometry can be used to determine what combinations of
latitude and longitude lie at the correct angular distance
from the touchdown point. Futher, if reentry flight 1s
assumed to occur in a plane, the correct azimuth for each

" peentry position is determined.



Two landing points on earth considered are near San
Antonio, Texas, and Woomera, Australia, The latitude of
these places 1s 29,48 degrees north and south, respectively.
The northern location (near San Antonio) 1s taken as 261
degrees longitude imeasured east from Greenwich) and the
southern location (Woomera) 1s at 135 degrees east longltude,
Figures 1 and 2 show the azimuth and longitude for the
specified reentry conditions as functions of the reentry
latitude. For convenience the conditions represented by
these figures will be referred to as an "arrival circle.”

C. COORDINATE SYSTEMS

At this point it 1s desirable to explain the system
used to specify position and veloclity coordinates at the
moon., All of these coordinates are given in a selenographic
system which is similar to that used to specify geocentric
coordinates at the earth. The moon's equator plane is
perpendicular to its axls of rotation. The zero longltude
meridian crosses the equator on that principal axis of
inertia which is assumed (by astronomers) to lie through
the center of thé bulge of the moon toward the earth.
Since the moon's equator is inclined by 6.67 degrees to
the plane of the moon's orbit about earth, and since also
the orbit 1s slightly eccentric while the moon's rotation
rate 1s essentially constant, the position of the zero
latitude and longitude point seems to move in nearly a
ciccle about the earth-moon line. In addition to this
optical libration there is a small (always less than 0,40
degrees) physical libration.

In this moon-fixed s%stem then, longitude is measured
positive east from O to 3060 degrees, East on the moon as

on earth is the direction of sunrise., Azimuth is measured
from O through 360 degrees starting eastward from north.,

D, METHODS USED AND ASSUMPTIONS

Trajectories for return flights were computed by ,
numerical integration of the eguations of motion using a
system programmed for high speed computers by the Jet
Propulsion Laboratory. The equations of motion include
the gravitational forces of the earth, moon, and sun with
their coordinates given accurately according to the ephemer
'fhe o:alatomss effects of both earth and moon are also

ncluded, : ' _ £ e

Rl T i A




Since the first manned lunar flights are expected to
occur near the end of this decade, the time investigated
was chosen to be March 1969. At that time the moon's
orbit about the eairth is inclined by 28.72 degrees, roughly
the largest inclination ever occurring. Also the moon's
perigee occurs at about the same time that 1t reaches 1its
minimum (south) declination. (At perigee the moon 1s at
369,400 km distant from earth. At apogee, which in that
month occurs obviously at maximum declination, the distance
is 404,400 km,) Three times in the month were chosen for
study. These are minimum declination, zero declination at
ascending node, and maximum declination.

The specification of a retrograde orbit of small
inclination indicates injection from latitudes near the
lunar equator, with westward azimuth, in order to avoid
large performance penalties associated with large flight
plane changes. Information available in the literature
(References 1 and 2) concerning lunar return indicates that
for such conditions the injection longitude will be in the
region of 90 to 180 degrees. (This can also be seen from
studles of earth to moon flight using the restricted three-
body approach which has as a feature that for any trajectory
from earth to moon there is a trajectory of the same shape
reflected about the earth-moon line and which goes in the
opposite direction, namely from moon to earth., A detailed
explanation of this phenomenon is given in Reference 3.)
Therefore, injection positions at O, 10, and 20 degrees
latitude for each of 90, 135, and 1éo degrees longitude
were chosen for investigation of injection velocity magnitude
and direction requirements. The injection radius is held
constant at 1938 km from the center of the moon or 200 km
above the mean radius of the moon of 1738 km.

Southern latitudes were not considered since by proper
rotation of coordinate systems to account for the previously
mentioned tilt of the moon's axis, the results could -be
reflected about the earth-moon piane to give an approximation
of conditions for those southern latitudes that happen to
be symmetric about the earth-moon plane with the northern
latitude used originally. The results would be approximate
only because of the irregular gravity fields of the non-
spherical mocon and earth.

The procedure followed was to hold stepwise cnt stant
the position, velocity magnitude, and time of injection and
to isolate for that combination of injection path .ngle and
azimuth which results in reentry with a 6 degree path angle



below horizontal at radius of 6498 km from earth., This
isolation is done automatically by routines bullt into the
trajectory computatior. program. For each position and
velocity magnitude there are a family of trajectories which
meet these conditions, Not all of these have the specified
"arrival circle" conditions. The reentry latitude and
azimuth which 1s produced is compared graphically with the
acceptable values shown in Figures 1 and 2. The trajectories
which ' roduce desired latitude and azimuth combinations

are considered without regurd to longitude. This 1is
explained by the following reasoning. A return flight
arrived at by the above procedure may result in a longi-
tude error the absolute value of which can be at most

180 degrees. Thus, if injection time is adjusted by at
most 12 hours then except for the slight change in the
trajectory shape due to the slightly changed positioning of
moon with respect to earth at the corrected time, the
reentry does occur at the correct longitude.

SECTION III. RESULTS

At maximum and minimum declination of the moon, injec-
tion conditions were established which produce flights to
satisfy the specified reentry conditions for each of the
nine injection locations. Solutions are found, however,
only for the northern return location, .f the moon is at
southernmost declination at departure and conversely
solutions are only at the southern location for departure
from the moon at maximum dec¢lination,

At present, date for the zero declination are available
only for equatorial injection. 1In this case though, satis-
factory return to éither of the return latitudes is seen
to be possible.

Injection path angle and azimuth which produce accept-
able return flights and the assoclated flight times are
shown in Figures 3 thru 26 as functions of injection velocity
magnitude for each of the positions., Figures 3 thru 11
show cases for return from minimum declination to San
Antonio, Texas, Figures 12 thru 20 present data for roeurn
from maximum declination to Woomera, Australia, and ,
21 thru 26 indicate return conditions from zero declinltiaa
to both San Antonio and Woomera,




For a fixed declination and distance of the moon, the
location of the point of reentry on the "arrival circle"
(which also defines the inclination of the reentry flight
plane) ia a function of the injection position and velocity.
For the injection positions and the velocity vectors appli-
cable in-this study, however, the reentry occurs always
near the same place for a given position of the moon. No
attempt was made here to study the exact behavior of the
reentry point on the "arrival circle." Such a study may
be made eventually using a system referenced to the moon-
earth orbit plane which makes easier the analysis of effects
not related to the moon declination. The effects of changing
declination can then be super-imposed on those due to injec-
tion position and velocity variation. The positions of
reentry encountered in the study are given in the following.

For return to Woomera from the maximum declination,
the reentry lies between 19 and 24 degrees south latitude
having flight plane inclination of 32 to 34 degrees to the
earth's equator while for return from zero declination, the
reentry occurs between 11 and 15 degrees north latitude with
inclination of 38 to 40 degrees. For return to San Antonio
from minimum declination, the reentry latitudes are between
20 and 23 degrees north with inclination being 32 to 34
degrees. For return to San Antonio from zero declination,
the latitudes are from 8 to 12 degrees south and inclinations
from 36 to 38 degrees.

Since San Antonio and Woomera are positioned at symmetri-
cal latitudes, the return latitudes could be expected to be
the same for return from the extreme declination in either
hemisphere to the recovery point in the oprosite hemisphere
if the moon were always at the same distance and orientation
with respect to the earth. The above figures for reentry
latitude reflect the changes in moon position and orientation
which occur during the month studied.

In the course of the study it was noticed that for short
transit times (50 to 90 hours) the injection velocity magni-
tude required is greater at the moon's apogee than it is at
the perigee while for long transit times (> 90 hours) the
situation reverses. (A similar phenomenon occurs in flight
from earth to moon with a comparison of arrival velocity
with respect to the moon as a function of flight time and
distance to moon.} Due to this difference in velocity
requirement, the curves are given for smaller velocities to
about 2.5 km/sec for the minimum declination curves
(coineiding here with smallest earth-moon distance) and to
2.4 km/sec for maximum declination.



From the information given in the above figures and
certain performance data a nominal injection situation can
be established and launch wincdow determinations can be
made. One simple arbitrary case is offered. This case
is based on the assumption of an equatorial circular orbit
of a 2 hr 7 minute period around the moon. In order to
establish a nominal case we also assume that we want to
return to a preselected point on earth in a specified
transit time and to use a ninimum of propellant in the
departure maneuver,

Performance studies have been made by Space Projects
Section II of this branch to determine the characteristic
velocity required for these orbital maneuvers., The results
of the studies will be given in detail in reports being
prepared by that section; however, an example of ¢he results
i1s given here as part of the i1llustration of determination
of nominal injection and launch window.

For injection at 1938 km radius the study showed that
optimum transfer would be made from circular orbit radius
of about 1932 km which is the orbit of the period specified
above. (Thls optimum altitude change during the maneuver
is of course also a function of the injection velocity
magnitude and direction; however, the effect on performance
is small.) The optimum path angle at injection is g%ven
then as a function of injection velocity in Figure
under the assumption of constant injection radius and no
change in flight plane orientation. Figure 28 shows the
characteristic velocity required for variation of velocity
direction from optimum. This curve has been found to be
representative of changes in either path angle or azimuth
or of combined changes frcm the optimum. Thus, for each
injection position on the moon the difference ia required
injection direction and the optimum direction can be éeter-
mined, and the velocity penalty can be read frun.tha fignna¢

The total veloecity required for transfar is
a function of flight time in Figure 29, Here the sma.
change in latitude which takes place when azimuth cha
are made during the injection maneuver has Lee
The injection latitude is assumed to be alw
longitude is given as the parameter., Tht 5
declinatior. was used in this case. Fr ’
nominal injestion is datarminad and
the "1njection window" is nade f




If the moon 1s near the maximum declination and we
desire a return of 77 hr duration the injection longitude
from which the least velocity increment 1s required is
seen in Figure 29 to be 180 degrees. The nominal injection
time 1s established to satisfy these longitude and flight
time requirements. If we now consider early and late
departures, we note that for the orbit period in consider-
ation the longitude changes by about 3 degrees per minute
80 that for each minute early that injection occurs the
velcelty increment is read on the curve for 3 degrees
greater longitude at the same flight time and likewise
for each minute late the longitude decreases by 3 degrees.
(More nearly exact would be to say, read the curve for
flight time adjusted by the correct number of minutes, but
obviously a few minutes are negligible here.) It is
noticed that if the delay is to be greater than a few
minutes, 1t may be advantageoua to walt one more orbit
of 2 hours and 7 minutes from nominal time and reduce flight
time by that amount. (This assumed, the correct longitude
is agaln achleved at reentry. This 1is not exactly true
due to change of trajectory shape for smaller transit
time as well as the change of the moon's position with
respect to the earth, which takes place in the 2 hr 7
minute period. The assumption is, however, sufficiently
accurate for this first approximation.) If this longer
delay occurs, a second nominal injection may take place
at longitude of 177 degrees and the velocity penalty for
dispersions about the new nominal may be determined again
as above,

The veloclty penalty for departure at non-optimum
"time as determined in the above example is shown in
Figure 30 plotted against the time deviation.

SECTION IV, CONCLUSIONS

The results presénted may be used to determine injection
conditions for retuirn to earth from retrograde orbits about
- the moon inclined by as much as 20 degrees (and with certain
location of the lines of nodes of the crbit and equator).
Approximations of return injection windows can also be made,

The results indicate that return can be made to at
least one of the two chosen sites regardless of the moon's
position relative to earth and that reasonable injection
windows are available.



REFERENCES
: i. Penzo, P. A., "An Analysis of Moon to Earth Trajectories,"
. Space Technology Laboratories, Inc., Report No. 8976~
0008-RU-000, 30 October 1961,
g 2. Swider, J. G. and Taylor, R. D., "An Analysi’s of Lunar

Injection Parameters and Their Effects Upon the Charac-
teristics of Entry Into the Earth's Atmosphere,” pre-
sented at the Eighth Annual National Meeting of the
American Astronautical Soclety, January 1962,

3. Miele, A., "Theorem of Image Trajectories in the Earth-
Moon Space," Boeing Scientific Research Laboratories,
F;éght Sciences Laboratory Report No. 21, January
1960,




/100

Azimuth (Eas? from North), Longitude (deg E)

oo}

/120

/

/
/

/140
/160

Ji/

1

/180

—ph=—
-~ = Longitude

-

; —200
220

240

Azimuth

\

20

40

Latitude (deg) —

b — — —

FIG. I. REENTRY LONGITUDE AND AZIMUTH
FOR RETURN TO SAN ANTONIO, TEXAS

AS FUNCTION OF REENTRY LATITUDE

——




o -

Azimuth (Eost from North), Longitude (deg E)

7 360
/ 340
320

300
\ 280
260

T~ 220
200
180

/160

Azimuth

!

P
N

20 0 20
Latitude (deg)

FIG. 2. REENTRY LONGITUDE AND AZIMUTH
FOR RETURN TO WOOMERA, AUSTRALIA
AS FUNCTION OF REENTRY LATITUOE



12

Lunar Azimuth, Az,,, Clockwise from North (deg)
Path Angle from Lunar Horizon, &, (deg)

A Transii Flight Time, T (hr)
 }
!
27541 704 70
r
274+ 65 65
L}
2731 60+ 60
2724 551 55
Az'
e —
2.50 2.55 2.60

Injection Velocity, vy (km/sec)

FIG. 3. INJECTION CONDITIONS AT MOON
FOR RETURN TO SAN ANTONIO
Moon at -28.6° Declination at Injection

Injection from Latitude, Laty, O°
and Longitude, Longy, 90°




: Azu (deg)
Sy (deg)
. T (hr)

. 270 65 70




A (deg)
T (hr)

2604 654 70

255 60 65

250

245

S

2.50 2.55 2.60
vy (km/sec)

FIG. 5. SAME AS FIGURE 3

Laty, = 20°
Long, = 90°




15

r (hr)

(deg)

70

65

(deg)
Py

AZy

40-

274

J5

273

55

25

27/




A Zy (deg)

Py (dey)

r (hr)

2734 354 70 [

.

)
2724 304 65
2714 254 eo0
2704 204 55

Az'

o —
2.50 2.55 2.60

¥y (km /sec)

FIG. 7. SAME AS FIGURE 3

Laty, = l0°
Long, = 135°




AZ' (deg)
$y (deg)

280

275

270+

265

2.50 2.55 2.60
vy (km /sec)

FIG. 8. SAME AS FIGURE 3

Lol wipor
Longy w/39° .




18

AZu (deg)

‘ T ‘{hr)
274 - & 70
273 o
272 -5~
27/-2 -0

2.50 2.55 2.60
vy (km/sec)

FIG. 9. SAME AS FIGURE 3

Laty = 0°
Long,, = /80°







300-

295

290

285

r
2.50 2.55 2.60

vy (km/sec)

FIG. I!. SAME AS FIGURE 3

Laty = 20°
Long, = /180°




Lunar Azimuth, Az, Clockwise from North (deg)

280

275-

270+

265

Path Angle from Lunar Horizon, &4 (deg)
‘ Transit Flight Time, T (hr)

80- /10
Su
701 /100
44'
r
60- 90+

501 801




ce

A Zy '{ deg)

fy (deg)
r (hr)
"\
2804 80 90|
Sy

2701 604 80+

260 40+ 70 -

2504 20 60

2.4 2.5 2.6
vy (km/sec)

FIG. I13. SAME AS FIGURE /2

Laty, = 10°
Long,, = 90°

-+ e




Az

255

250-

245-

240

235

(deg)
&y (deg)
w (900 T (hr)
70 /100
60 90
50 80
40 70
30 6C




2l

Ay, (deg)
Z" Py (deg)

l T (hr)
280 504 /00
r
S
275 40 90
. AZw
2704 30{ @801+

2651 201 70

260 /104 60

S

2.9 25 2.6
vy (km/sec)

FIG. I5. SAME AS FIGURE 12

Laty = 0°
Lonﬂu = |135°

27




N

A Zy (deg)
: "g ( d"l

T (h
2804 504 100-
2754 404 90
2704 304 60+




26

Az, (deg)
Zy‘ -’, ( d")r (hr)
r,

2801 501 /oo

2754 « 4049 90

27040 301 é&0

2654 20+ 70

260 10~ 60

RS .

2.4 2.5 2.6 2.7
vy (km/sec)
FIG. |17. SAME AS FIGURE 12

Lﬂ'” = 20°
Long, = 135°




27

‘z. (deg)

Sy (deg)
§ | 7

2801 204 100

2754 104 ¢

2704 o4 eo
A Zy

265{ -0{ 7o+
Sy
r

260{ -20{ 6o

2.4 2.5 2.6
vy (km /sec)
FiIG. 18. SAME AS FIGURE 12

Lﬂf, e D
Lﬂﬂﬂu ¥ 180'

2.7




28

Az~ {deg)

280-

275 -

270+

265-

u’" (deg)
‘ T (hr)
S04 /100 '
/ 3
204 90 \
04 eo \\\
(v 70
T
- - g ’"
260 104 ~G@
‘ Ll__[\,., T e —
2.9 2.5 2.6

vy (km /sec)

FIG. 19. SAME AS FIGURE 12

Lﬂ’” = /O°
Longy = 180°




29

Az, (deg)
M Sy (deg)
T (deg)
2951 204 10
2
29041 104 90+ Zm
285- o1 &0
2804 -104 70+
X
"
2751 -204 60
24 A8 88 NP

Vy (km/sec)




30

Lunar Azimuth, Az,,, Clockwise from North (deg)

Path Angle from Lunar Horizon, $y, (deg)
‘ Transit Flight Time, T, (hr)

250

245

240-

235

70~ 904
Sy
65- 80
s
60- 70
Az,
55 60

ISR

2.50

2.55

Injection Velocily, vy, (km/sec)

2.60

e

FIG. 2I. INJECTION CONDITIONS AT MOON

FON RETURN

TO SAN ANTONIO
Moon at Ascending Node at Injection

Injection from Latitude, Laty, O°
and Longitude, Longy, 90°




‘2, (deg)

\" (deg)
T (hr)
2651 50 20

260- 40 80

255 ‘I 201 70

250 20

60

2.50

2.55

vy (km/sec)

FlG. 22. SAME AS FIGURE 2/

L@'. O |
Long,, = 135°

2.60




Az, (deg)

’” (deg)
T (hr)
2554 154 @0 { i /é
AZy N N ‘
| ‘ 4
Jh'\‘ jzg
250 /10 79 |

245 51 70

240~ o4 65

2.50 2.55 2.60
vy (km /sec) |

FIG. 22. SAME AS FIGURE 2/

Laty = 0°
Long, = 180°




Lunar Azimuth Az, Clockwise from North (deg)

‘ Path Angle from Lunar Horizon $y (deg)

‘ Transit Flight Time T (hr)

l

2751 654 75

270 604 70

S
- 2654 554 65 ]
4z,
;

2.50 2.55 2.60
Injection Velocity vy (km/sec)

FIG. 24. INJECT/ION CONDITIONS AT MOON
FOR RETURN TO WOOMERA

Moon at Ascending Node at Injection

I injection from Latitude l.at, 0° and Loaplfm L"Wy 90’ ¥




34

AZ'IUNU
‘ &y (deg)

‘ r (hr)

268- 354 75 ?

2674 304 70
Fpe
Az”
2664 25- 65
-
2654 204 60
2.50 2.55 2.60

vy (km/sec)

FIG. 25. SAME AS FIGURE 24

Laf” =0°
Longy = 135°




‘z~ (deg)
‘ v’” ( d‘ﬂ)

‘ T (hr)

268 - 54 75

2674 o4 7o
Iy
2664 -54 65 \
Ay
o r
265 -10- so{ -
{ { " % e —
2.50 2.55 2.60
v,(tn/ncl

FIG. 26. SAME AS FIGURE 24

Laly =0° s
Long,, = 180° g il B

EES S

m



9t

By (deg) Acceleration at Ignition = 4./ m/s®
e Acceleration af Injection = 5.3 to 5.7 m/s®

45

2800 2,500 2,600 2,700
'. Wl
Depar.are from Circular Orbit Radius of 1,932 km to Injection Radius of /938 km

| FI6. 27. OPTINUM INJECTION PATH ANGLE
AS A FUNCTION OF INJECTION VELOCITY MAGNITUDE FOR
A TYPICAL LUNAR RETURN VEHICLE.




37

Avy (m/sec)

80

60

40

20

0o 2 3 6 & 10
Variation of Cutoff Angle from Optimum Values (deg)

FIG. 28. VELOCITY PENALTY

FOR DEVIATION FROM

OPTIMUM VELOCITY DIRECTION |




Advy (m/sec)

1,000

Injection Longitude (deg)
/

8 171 -

174 177

/180 03

/186

189

192

B

60 80 90
Transit Flight Time (hr)

Orbit Radius = 1,932 km

100

Ho

Injection Latitude = O deg

FiIG. 29. CHARACTERISTIC VELOCITY REQUIRED

FOR RETURN TO WOOMERA, AUSTRALIA, FROM
CIRCULAR ORBIT ABOUT LUNAR EQUATOR.




39

Pa) Yy (m/sec)

A B By ‘¢ ¢
Time Variation from Relative Optimum Injection Time (min)

For Orbit Period of 2hr 8 min |
Flight Time from Nominal Injection 1o Reentry & 77 hr
Nominal Injection Velocity &~ 24.7 km/sec

FIG. 30. VELOCITY PENALTY FOR
DEPARTURE FROM EQUATORIAL MOON MT

AT NON-OPTIMUM TIME.




APPROVAL
RETURN FLIGHT TO EARTH
FROM LUNAR ORBIT .
Arthur J. Schwaniger

The information in this report has been reviewed for
gsecurity classification. Review of any information concerning
Department of Defense or Atomic Energy Commission programsgs
has been made by the MSFC Security Classification Officer,.
This report, in its entirety, has been determined to be
unclassified.

ORIGINATOR

ARTHUR J. SCHWANIGER : -
Ch, Space Projects Section III

APPROVAL

X P %.wzﬂ,

R. F, HOELKER
Ch, Future Projects Biranch

b

E. D. GEISSLER .
Director, Aeroballistics Division




TITERNAL

M-DIR
[M-DEP-R&D
M-TPC
-M3-TP
M—NS IPL (8)

WP

"J. Lil'iea™ 4

LI-PAT
M-1S-H

[1-FPO

DI

v, Koelle

Mr,
i,

Ruppe
Villiams

Dr. Gelssler
Dr, Hoelker
Iir. Dahm

Mr., Linsley
Mr., Wilson
Mr. Horn

Dr. Adams
Mr. Baker
Mr, Golmon
Mr, Hart

“Ir. Reed

Mr. Vaughan
Dr., Speer
ir. Lindberg
Tr, Kurtz
ir. bMiner

Ir, Callaway
Mr. Jean

Mr, Teague
Mr, Schmieder
Mr. Braud
Mr, Lisle

Mr, Schwaniger (10)

Mr., Winch
Mr. Hill
Mr. Davidson

[aIsakn
[

IBUTION LIST

M-AERO

Dr.

Sverling
Mr., Tuckor

Mr, Thomoco
My, Donmoon
M, Telic.:
Mrs., Chondlew
Mr., Meldoie (5)
Mr. delfrics
M-COL'?
Dr. o D=l
=ASTH
Mr, Dirc
M-RP
Dr, 3Stunlincer
Mr, Hellero
Mr. Bucher

[-P&VE

~

DVIETLSO0N



	0001A02
	0001A03
	0001A04
	0001A05
	0001A06
	0001A07
	0001A08
	0001A09
	0001A10
	0001A11
	0001A12
	0001A13
	0001A14
	0001B01
	0001B02
	0001B03
	0001B04
	0001B05
	0001B06
	0001B07
	0001B08
	0001B09
	0001B10
	0001B11
	0001B12
	0001B13
	0001B14
	0001C01
	0001C02
	0001C03
	0001C04
	0001C05
	0001C06
	0001C07
	0001C08
	0001C09
	0001C10
	0001C11
	0001C12
	0001C13
	0001C14
	0001D01
	0001D02
	0001D03
	0001D04
	0001D05

