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AGENDA

From Wondering to Knowing

Apollo Experience

Space Shuttle and ISS

Commercial Crew

Constellation and Artemis

The Future
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SELECTING 

VISUAL AIDS
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Enhancing your presentation

SPUTNIK -1 OCTOBER 4, 1957



FROM WONDERING

TO KNOWING

TO WONDERING 

AGAIN
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1900 to 1960 ð Venus a Swampy, Wet,

   Warm & Cloudy Planet

1962 ð Mariner 2 Flyby ð 

  No camera 

  Instruments indicate much

  warmer, toxic atmosphere

1969 Venera 5 Lander ð hellscape 
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FROM THE LATE 19 TH  CENTURY 

ASTRONOMERS DEBATED WHAT 

COULD BARELY BE RESOLVED AT 

THE LIMITS OF THEIR TELESCOPES 

FICTION WRITERS RAN RAMPANT 

WITH SPECULATION OF 

INTELLEGENT BEINGS BUILDING 

CANALS ON A DYING WORLD

H. G. Wells, óThe War of the Worldsô 1898

ñacross an immense ethereal gulf, minds that 

are to our minds as ours are to the beasts in 

the jungle, intellects vast, cool and 

unsympathetic, regarded this earth with 

envious eyes and slowly and surely drew their 

plans against us.

MARS
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Mariner 4 Flyby July  14, 1964

Twentyone  and 1/3 pictures

Transmitted at 8 1/3 bits per second

Three weeks to receive all the pictures

TOTALLY DEMOLISHED THE 
POSSIBILITY OF CANALS 
AND EXTANT INTELLIGENT LIFE
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All 

these 

worlds 

are 

yours
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The Einstein field equations may be written 

in the form:

    G ƪ ˃ + ʢ g ƪ ˃ = ˁ T ƪ ˃ 

G ƪ ˃ is the Einstein tensor
g ƪ ˃ is the metric tensor
T ƪ ˃ is the stressƀenergy tensor
ʢ is the cosmological constant
 and ˁ  is the Einstein gravitational constant

Hubble Deep Field 
Dec 18-28, 1995



. . . IT SEEMS PROBABLE THAT MOST OF THE GRAND 

UNDERLYING PRINCIPLES HAVE BEEN FIRMLY 

ESTABLISHED . . .  AN EMINENT PHYSICIST REMARKED THAT 

THE FUTURE TRUTHS OF PHYSICAL SCIENCE ARE TO BE 

LOOKED FOR IN THE SIXTH PLACE OF DECIMALS. 

- 1894, DEDICATION OF RYERSON PHYSICAL 

LABORATORY, QUOTED IN ANNUAL REGISTER 1896

We donõt know a millionth of 

one percent about anything
-- Thomas Alva Edison, American Inventor 1847-1931



THE APOLLO 

EXPERIENCE

How that experience shapes our 
concepts of human space exploration 
today and in the future



APOLLO AS A BATTLEFIELD OF THE 

COLD WAR
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1.  Kennedy did not care much about science nor was he highly 

interested in space exploration:  Kennedy wanted an objective which 

would demonstrate the superiority of the United States over the 

Soviet Union; of Democracy over Authoritarianism, of Free 

Enterprise over Communism.  The Apollo Program was a means to 

that end.

2.  The American Public was never overwhelmingly in support of the 

Apollo program or the goal of a moon landing.  Polls indicate that 

only in the summer of 1969 was there a majority of Americans who 

thought the Apollo program was worthwhile.  

3.  Johnson came to the conclusion that the Apollo program was 

costing too much and put on the fiscal brakes in 1967 stopping 

production of the Saturn V, the F -1 engines, and much other Apollo 

hardware.  

Unpleasant Apollo Facts



APOLLO RISK CONSIDERATION
Å Cold war mindset accepted high risk and casualties

Å Chris Kraft famously informed the Apollo 8 crew spouses 

that he estimated there was a 50/50 chance of the crew 

returning alive

Å Frank Borman (Apollo 8 Commander) was asked about 

mission risk in late 1968:

 òThey tell you statistically that it is safer than driving 
on the freeway but that is a bunch of crap.  

 I think of the risk is about the same as a pilotõs risk on 
a combat tour in Vietnamó

  From 1961 to 1973, the United States military in Vietnam 

 lost 3,744 fixed wing aircraft and 5,607 helicopters.  

  A total of 3,288 aircrew personnel were KIA.  

Every Apollo mission had an equipment failure that was 

critical, potentially life endangering - close call
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APOLLO TO SHUTTLE TRANSITION
Å Concern about Apollo safety after 13 led the White House to cancel Apollo 18 & 19.

Å Apollo 20 had already been changed to Skylab

Å Apollo 18 is on view at JSC Rocket Park

Å Lunar landing success tempered by Apollo 1, and Apollo 13 

Å Both due to poor workmanship and limited insight to contractors/vendors

Å Inadequate specifications and documentation contributed

Å Inadequate safety processes also contributed 

Å NASA Budget reduced because of war, poor economy

Å Skylab and ASTP considered sideshow operations.  Mars mission plans scrapped.  

Å NASA expected to perform technical miracles

Å òIf we can send a man to the moon we can do . . . . .ó

Å NASA HSF reacts with Increased Controls, Documents, Specifications, Processes

Å Shuttle had 40,000 specification documents

Å Improved Safety processes including Hazard Reports tied to Failure Mode Effects Analysis 
and Critical Items List

Å Small army of Government inspectors at supplier facilities 
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THE SPACE SHUTTLE EXPERIENCE

How that experience shapes 
our concepts of human 
space exploration today and 
in the future
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GOALS FOR SPACE SHUTTLE

Å Lower  Per -flight cost than Expendable Launch Vehicles

Å Replacing all  other (US) satellite launch vehicles

Å Regular  and Frequent Flight Operations
Å Initial estimates of 64 flights per year

Å òairliner like operations

ÅMultiple Capabilities
Å EVA, Robotics, large Payloads

Å Improved Safety over Saturn V/Apollo

Å All to exploit near ð earth space environment
Å Vacuum, Zero G, Earth Observation
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SHUTTLE REQUIREMENTS 1972
ÅFlight hardware turnaround time from landing/return to launch 

readiness shall be less than 160 working hours in 14 calendar 
days

ÅShall be  capable of launch from a standby status within 2 hours

ÅRedundancy requirements for all vehicle sub -systems (except 
primary structure, TPS and pressure vessels) shall be  òfail 
operational/fail safeó

Å In order to fulfill the space rescue role, the system design shall 
not preclude the capability to launch within 24 hours

Å500 flights per airframe (later reduced to 100 flights per 
airframe)



SHUTTLE REALITY
Å Required (key) technologies were more difficult than 

expected

Å A reusable, reliable high -performance LOX/LH2 propulsion 
system, 500k lbf  class, with 50 mission life without 
overhaul

Å SSME requires major checks after each flight

Å A reusable Orbiter thermal protection system that could 
be refurbished within 40 hours

Å High maintenance item ð fragile tiles ð paces 
turnaround 

Å Element designs that would provide for 100 Orbiter (RFP 
called for 500 reuses with assessment for 100) and 20 
SRB reuses 

Å Actual flight rates led to low use per Orbiter and 
periodic major overhauls required and extensive 
refurbishment required after every flight

Å Avionics that would provide autonomous operations 
during ascent, entry and return. Onboard checkout and 
malfunction detection

Å Fully autonomous operations not achieved

Å Subsystems that would require minimal consumables and 
reusable for many cycles



SHUTTLE REALITY

ÅLower recurring cost goals never met
Å Refurbishment costs much higher than estimated

Å Turnaround workdays 10+ times higher than goal

Å Orbiter TPS, SSME and SRB refurbishment man -hours 

much higher than projected

The Expectation 
160 hour turnaround

The Reality
75 ƀ 120 day turnaround

Two views of Orbiter Processing





ACTUAL HISTORY ð SPACE SHUTTLE

Å Multiple Commercial Entities flew payloads & experiments on shuttle

Å Pharmaceuticals were considered a particular area of interest

Å Many mid -deck and spacelab/ spacehab  activities were commercial 

Å Initially Space Shuttle to launch all US commercial satellites

Å 24 Flights per Year was the standard in the early 1980õs

Å All geosynchronous satellites to be launched aboard the shuttle

Å Most satellite deployments were removed from Shuttle after Challenger

Å Commercial Geosats  and DoD launches went back to expendables

Å Most onboard commercial activities withered

Å Considered low priority by NASA

Å Lack of regular and plannable flight opportunities

Å Removal of commercial payload specialists from crew

Å Some few commercial payloads did continue through the end of the program
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SHUTTLE PRIVATIZATION

Å In the 1990s, the Administrator asked for a proposal to turn the 
Space Shuttle over to a private (commercial) organization 

ÅGoal was to reduce cost and perhaps to provide additional 
opportunities or flexibility for commercial activities in LEO

ÅAt that point, the Space Shuttle Program was the ôcrown jewelõ 
of the NASA portfolio

ÅLittle interest by NASA chain management to relinquish control
Å With NASA leadership making all the critical decisions it was impossible 

to make shuttle privatization work

ÅShuttle privatization as a potential future disappeared after 
Columbia
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NASAõS BIGGEST RISK:

STS -1 LAUNCHED APRIL 12, 1981

27



28

òI have determined that we should 

proceed with the design, development, 

and testing of the shuttle considering 

only a manned first flightó

 -- John F. Yardley NASA HQ Associate 
Administrator for Manned Space Flight 1974



STS -1:  THE RISKIEST TEST FLIGHT 

EVER
Å Shuttle was Authorized to Proceed (ATP) in 1972 with a predicted 

launch date of March 1978

Å STS -1 launched on April 12, 1981 ð three years late ð total 
development time 9 years

Å In July 1974 ð two years after ATP and 4 years before the scheduled 
first flight (really 7 years),  NASA management decided to fly ð for the 
first time ever ð a crew on the first flight of the new vehicle
Å By 1981 none of those who made the decision were still working for NASA or 

the Shuttle Program

Å Just prior to STS -1 the official risk of loss of crew was ò8 in 1 Millionó
Å Subsequent investigations uncovered no basis for this estimate
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STS -1 FLIGHT RESULTS

ÅDuring and after the flight multiple flight critical issues were 

uncovered that nearly caused LOC/V.  Significant changes were 

made prior to STS -2

ÅOn April 10, 1981, a timing failure between computers scrubbed 

the launch ð never seen in SAIL testing despite thousands of 

hours

ÅAscent Guidance inadvertently lofted the first stage 
Å Significant loss of performance to orbit ð mitigated by large margins (no payload)  

Å Return to Launch Site Abort would not have been successful

Å Software changes for STS -2 resolved this issue
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IGNITION OVERPRESSURE (IOP)
Å At Solid Rocket Booster (SRB) ignition, a strong transient IOP wave was generated, 

the shock wave bounced off the bottom of the flame trench

Å SRB IOP environment had been  predicted pre -flight using  analyses and scale -model 

testing

Å SRB IOP was not predicted correctly either analytically or through subscale 

testing 

Å Orbiter frequency response to IOP was much greater than pre -flight predictions - 

exciting

vehicle bending modes

Å Peak Z (normal) accelerations of ð2 g to +3.5 g were measured in Orbiter cockpit

Å Forward RCS N2O4 Tank structural support arm buckled ð unknown until post flight

Å Body Flap deflected 12 degrees ð almost overstressed control mechanism and attach 

structure

Å Post Flight Analysis showed buckling loads at bottom of ET LH2 tank came within 1% 

of failure
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Forward RCS Nitrogen Tetroxide 
Tank held 1,484 lbs of liquid

Tank strut F found to have Ŷfailed 
in Euler buckling ŷ 
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STS -1 FLIGHT RESULTS - CONTINUED
Å Multiple Thermal Protection System Tiles lost during ascent from OMS Pods
Å Top of OMS pods was thermally benign during re -entry

Å Raised extreme concerns over critical lower tiles on shuttle which could 
not be seen

Å No on -orbit repair capability, no crew rescue capability

Å Thermal tile anomalies were found during post flight inspection of the heat 
shield
Å òExcessive tile to tile gap heating was noted in a number of locations.  

The leading edge of the left nose gear door had breaching of the thermal 
barrier and localized shrinkage of four adjacent tiles.ó

Å Other tile damage was described post flight:  right nose gear door, right 
inboard elevon, left forward region of the body flap òwhich propagated into 
significant meltingó

Å Thermal tile refurbishment and maintenance continued to be a problem for 
the duration of the Space Shuttle Program.
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