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(1882 — 1945)
Robert H. Goddard

in 1926 (first launch of a
liquid-fueled rocket)
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(1857-1935)
Konstantin Tsiolkovsky

1903 paper on space travel & rocket
equation

(1881-1957)

Robert Esnault-Pelterie

1912 independent derivation of rocket
equation

(1894-1989)
Hermann Oberth

Research on rocket science 1923-1929
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Next Space Shot

Delta rocket will orbit Intelsat
communications _ satellite ¥,
exact time not announced.

TODAY’s Weather

Considerable _cloudiness _ with
thundershowers. High .
Easterly winds 8 to 15 mph. (Com-
plete weather Page 2A)
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Apollo11
Headlines

Astronauts aboard Lem were calm, but
bosses in Houston were biting their nails
@A)

Neil Armatrong's fist siep quote goes
down in werld’s history books. (3A)
Last man to check Lem mm Apollo
flight gives vv-' " at landing. (
ike Collins’ e mad
wateh trom South Meert lland Bome. (4A)
nightclub scene: Confetti splashed
and people cried as Armstrong touched the
moon. (44)
Armstrong’s parents ask world to pray for
astronauts’ safe return. (5A)
Spokesmas says Aldrin family “thrilled”
by Junar landing. (
Landing brought whoops of Joy from
omes of three astronaut famities. (3A)
r Walter Cronkite Is
21108 Bo By for um moon landing )
walk suits cost NASA
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landing mis-

s will alimost doutle time e for surlace ex-

ploration. (7A)

Director of US, space program sas suc-

cestl moon landing opens new
(

woulda't be on moon now if it weren't
for NASA engineer who fought for Lem
landing concept (74)

Dingy Connle Mack Stadium In nnml
phia gives Apollo 11 lusty foar
proval. (1C)

Manuiactarers key ad campaigns (s pro-

ducts astronauts use.
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PRESIDENT ul'mkx TO ASTRONAUTS FROM WHITE

10 be the most historic telephone call ever made™

HOUSE TELEPHONE

That's One Small Step for Man;
One Giant Leap for

Mankind’

By SANDERS LaMONT
TODAY Aerospace Writer

HOUSTON — Man landed and walked
on the moon for the first time Sunday, July
20, 1969.

Astronaut Neil Armstrong stepped onto
the surface at 10:56 p.m. As his left foot
touched the surface, he said solemnly:

“That's one small step for man.*

As his right foot touched the powdery sur-
face, he added, "One giant leap for man-
kind

He was jolned on surface by comj

nioa
astrooaut Buz Aldra Alhty e han 3 mamies
\

“Beautiful,  beautiful,
beautiful. A" magnificent
desolation,” Aldrin said.

‘The pair put on a s
tacular live television
show for millions for
viewers on earth.

By as  Armstrong-
stepped onto the surface,
he described it as “fine
a0d powdery-— can Xick

up with my toe. It is
Ilie fine charcoal

Before he reached the
on_the lad.

W

FIRST STEP T0 MOON

l ke & rder
W% astroscats Muvienaly completed their scien
Ufic tasks and clambered back fnto thelr space ship

nar sur

Both had returned to the moonship “Eagle” at 1:18
am., more than an hour ahead of the time they were
ariginally to have started it

Continued Page 30
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Neil Armstrong (1930-2012) N




Harrison Schmitt Apollo 17




Water
Found
Recently
By
NASA’ s
LCROSS"®
Probe

“Lunar Crater
Observation
and Sensing

Satellite June-Oct

2009; crash South
Pole

21%

Composition of the lunar regolith



Energy Production

Yo'z @)

L

I f

t‘.

>

o
Gt

e -
o
e e T SN H

m Ty

— N . | e .-:-.. \ -

[~ — e ST - “:
.“Y‘:'r_—:.__‘- T SN ey e A b 5 '
e PR e r“o s

A







Lunar-Based Astronomy: Lunar Far Side




Tourism — Hilton Exterior

Concept and picture courtesy Peter Inston

Barron Hilton 1958



Tourism — Hilton Interior Mall

Concept and picture courtesy Peter Inston
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3d Football

NASA Artwork by Pat Rawlings/SAIC
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Lunar Environment

* OMoon = 1-62 M/s?

* internal air pressurization can range from 34.5
kPa (5 psi) to 101.3 kPa (14.7 psi)

* protection from radiation and micrometeoroids

* insulation (temperature differentials of 250°C)

« 2.5 m - 3.0 m of regolith cover needed
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Additionally!!

 Human physiological unknowns —
survival in low g, radiation effects

 Human psychological issues

e Medicines don’t work —
Pharmacology only for 1 g

» Survival of other living organisms

17



Micro/Low Gravity

» Cardiovascular Deconditioning

* Bodily Fluids Shift to the Upper body
* Distorts Vestibular sense

* Loss of Blood Volume

e Cataracts

* Muscle Atrophies

* Cancer

* Bone Demineralization (1.5%/month)

* Pharmacology 1ssues I



Boeing 1963

Two versions of LESA modules emplaced on the Moon by Boeing (1963).
[p- 37 Lowman in Mendell, 1985]



Cylinder

Modules

Brand Griffin







Regolith

Courtesy Orbital Sciences



o
o
o

10
o

w

©

§S)
e
0]

i
[}

w




' > VI MY
It Corvol Meoies  SAKES T MOOSE § ASSCCIATES o et Conp / WASA

‘.?.., P P St




A Lunar Crater Base

PRESSION RING
Concept and picture courtesy to A. Eichold (NASA)




A Box Shaped Inflatable

Concept and picture courtesy to P. Nowak



A Spherical Inflatable Gary Kitmacher
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16m

, Line of shielding
t Habitat wall
381 m LEVEL FOUR Lightweight
Crew quarters modular flooring
Structural rib
320m LEVEL THREE /
Crew support Lunar air lock
' A — & Y 4 W |5 N/ N
| AN
LEVELTWO 7~ | 1
Base operations | at
\ L) N
\ N 2. . Q
LEVEL ONE
Mission operations
LEVEL ZERO :
ECLSS/stowage Habitat core

' Anchoring system

Concept and picture courtesy M. Roberts (NASA)
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Proposed Design:
A Tied-Arch Shell Structure

Concept and picture by F. Ruess and H. Benaroya
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Structural Analysis

Space for support systems,

Habitable space

AN

0,9

3,9 m

global safety factor applied: 5




Bending Moment: Circular Arch

Internal Pressure Dominated




Loads

p=69kPa

' —"
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Thermal Loads and Parameters

Ambient Temperature 105.1 K

Surface Temperature 120 K

Ambient Temperature 343 K

Ambient Temperature 114.2 K

Perfect Insulation

Ambient Temperature 136 K

Surface Temperature 161.607 K f
Lunar Heat Flow 1.6e-2 W/m?

(120K ~-153°C~-244°F)  (a) (343 K ~ 70 °C ~ 158 °F)
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Thermal Loads and Parameters

Ambient Temperature 93 K

Surface Temperature 120 K

¥ Perfect Insulation

Ambient Temperature 101 K *
Lunar Heat Flow 1.6e-2 W/m?

(120 K ~ -153 °C ~ -244 °F) (b)
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Drawing: Andre Malok, Newark Star Ledger

Rutgers Concept



Carter Emmart



Carter Emmart




[Lava Tube

S
_F_F___,f —
—
- —x_;\\
g e
.

“[O)

""I-!Ii||!m|| ijm ik m“]m w“‘uh»|||||||||||||mnuuun 14013 ik ] L

"\‘ A Inflatable Structure
“—Habitat Module



Images of the Marius Hills pit as observed under different solar illumination
conditions by the SELENE/Kaguya Terrain Camera and Multiband Imager
[JAXA/SELENE].
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Spectacular high Sun view of the Mare Tranquillitatis pit crater revealing boulders on
an otherwise smooth floor. Image is 400 meters wide, north is up, NAC M126710873R
INASA/GSFC/Arizona State University].

100 meters



LUNAR MANNED LUNAR BASE - 2050
ENERGIA-STERNBERG PROJECT

BASE 2050: Residential Zone 1n Crater, General View




Cross-section View
BA3A 2050 XUIIAA 3OHA B KPATEPE PA3PES3
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XWUNbIE MOMELLEHUA BA3bl il TPAHCMOPTHAA
W TPAHCIMOPTHBIE FANIEPEM MOMELWEHUA OBLEIO HA3HAYEHUA @) MATMCTPATL

BA3A 2060 XKWJIAS 30OHA B KPATEPE  PA3PE3

YHUBEPCANbHbIN — S y
KOH®EPEHU3A N A JANTAUUOHHO-PEABUIIUTAUUOHHBLIA LEHTP
CAMOE bOJIbWOE KYINONbHOE NOMELEHUWUE BA3bl




Lunar Base Armstrong Under Construction
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3D-Printing using Regolith



ISRU Mars Construction
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Courtesy A. Benaroya
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