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1. SHUTTLE FACTS 
 

• 115th launch of the shuttle. 
• 32nd flight of Discovery. 
• Discovery will be retired in 2010. 
• Length of shuttle:  56 meters (184 feet) 
• Length of orbiter: 37 meters (122 feet) 
• Height of orbiter:  17 meters (57 feet) 
• Wingspan: 24 meters (78 feet) 
• Shuttle weight at liftoff: 4,523,850 pounds 
• Orbiter weight at liftoff: 266,962 pounds 
• Weight upon return to Earth: 225,741 pounds 
• Orbital velocity: 17,500 miles per hour 
• During liftoff and ascent into space, the main engines burn more than 

500,000 gallons (1.9 million liters) of super-cold hydrogen and liquid 
oxygen fuel.   

• The liquefied hydrogen is at -423 degrees Fahrenheit (-253 degrees 
Celsius), making it the second coldest liquid on Earth.  When it 
combusts with the liquid oxygen, the temperature in the main 
combustion chamber is 6,000 degrees Fahrenheit (3,316 degrees C).   

 
 

Main Shuttle Features 
 

• Two solid rocket boosters: Rockets on either side of the external tank 
that provide most of the force to lift the shuttle off the launch pad.  
Once ignited, they cannot shut down. 

• External tank: The rust-colored missile-shaped tank that you probably 
think of when you picture the space shuttle.  It stores the liquid 
hydrogen and liquid oxygen fuel. 

• Orbiter: The actual ship that makes it into space and orbits the Earth.   
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2. LIFTOFF TIMELINE 
 
 
Time from 

liftoff 
Event 

 - 0:30 • The computers on board the shuttle are now in 
control of the countdown sequence. 

• This is also the last time on the launch pad that the 
crew can escape by emergency exit.  They can exit 
via a basket on a slidewire. 

- 0:16 • The launch pad's Water Sound Suppression System 
begins flooding the launch platform with 300,000 
gallons of water to protect the shuttle and its 
payloads from any damage caused by acoustical 
energy generated during launch. 

- 0:10 • Flares ignite under three main engines to burn away 
residual hydrogen gas that may have collected near 
main engine nozzles. 

 - 0:06 • The main engines start firing. 
0:00 • Liftoff!  During liftoff, the astronauts feel no more 

acceleration than you would feel during an airplane 
takeoff. 

0:30 • The engines throttle down.  As the shuttle burns fuel, 
it becomes lighter and zooms upward more quickly.  
As it accelerates faster and faster, the air pressure 
squeezing the shuttle increases.  The shuttle has to 
slow down to decrease stress on the vehicle.   

1:00 • The engines can throttle back up to normal.  Air 
pressure decreases with altitude, so at this point the 
shuttle can speed up without having as much air 
pressure squeezing it.  

1:30 • Already the shuttle weighs less than half than it did 
at liftoff. 

2:03 • The twin solid rocket boosters separate from the 
orbiter.  When they separate, the astronauts hear a 
big bang and see a bright flash of light.  The force of 
the solid rocket boosters pushing the shuttle into 
space had made the ride bumpy for the astronauts, 
but now the ride becomes smooth.   

3:58 • Now is the last chance for the shuttle to return to the 
launch site.  However depending on how serious the 
problem is, the shuttle may have to return at an 
earlier time.   

5:48 • The orbiter starts to roll over sideways, like a dog 
rolling over on to its stomach.  When the roll is 
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completed, the orbiter will be on top of the external 
tank.  

6:29 • The roll is complete.  Now the astronauts can see 
the blue Earth below. 

7:40 • Engines throttled down in order to maintain 3gs, or 
three times the gravity we feel on Earth.  Astronauts 
feel 3gs until the main engine turns off. 

8:23 • The main engine turns off. 
• Right before this happens is the last chance for a 

transatlantic landing. 
8:34 • Astronauts feel weightless; they are in space! 
8:47 • The external tank separates and falls back toward 

Earth. It breaks up in the atmosphere. 
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3. ABORT OPTIONS 
 
NASA has several abort options, depending on the situation: 
 
Abort to Orbit (ATO) 
 

• Abort to orbit is the preferred abort option because after the shuttle 
goes into a temporary orbit, it still may be able to reach space.  The 
mission doesn’t have to be completely scrapped.     

• Used when the shuttle loses performance and cannot reach the 
planned orbital altitude. 

• The shuttle goes into a temporarily lower orbit to allow time to evaluate 
the problems.   

• If Mission Control deems that continuing flight isn’t safe, the shuttle 
reenters the atmosphere and glides to the landing site.  If flight is safe, 
rocket engines at the back of the orbiter propel the shuttle into the 
originally planned orbit.   

 
Abort Once Around (AOA) 
 

• Used when: 
• The shuttle cannot achieve a viable orbit. 
• Not enough fuel is available to thrust the shuttle into orbit. 
• A major system problem means the orbiter must land quickly 

• The shuttle circles the Earth once and lands at either White Sands, 
NM, Edwards Air Force Base, CA, or Kennedy Space Center, FL.  
Kennedy is the preferred site. 

• Lands approximately 90 minutes after liftoff.   
 
Transatlantic Abort Landing (TAL) 
 

• Used when: 
• The main engine fails after the last “Return to Launch Site.” 

opportunity but before the first “Abort Once Around” opportunity  
• A major system failure occurs after the last “Return to Launch Site” 

opportunity. 
• Must be started before the main engine cut-off (8:23 minutes after 

liftoff). 
• Shuttle lands at either Zaragoza, Spain; Moron, Spain; or Istres, 

France.  Last year the crew was notified of the transatlantic landing site 
about 30 minutes before liftoff. 

• This abort mode rolls the shuttle sideways so that orbiter is on top of 
the external tank and then dumps fuel to decrease the shuttle’s weight.  
Decreasing the weight puts the center of gravity in the proper place 
necessary for landing and also decreases the shuttle’s landing weight. 
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• Lands approximately 45 minutes after liftoff. 
 
Return to Launch Site (RTLS) 
 

• Used when one main engine does not have its normal power. 
• Can only be done within a 4-minute window after liftoff. 
• After the RTLS abort starts, the shuttle continues on its path to 

dissipate excess fuel.  Only just enough should be left to return to 
Kennedy Space Center.   

• Lands approximately 25 minutes after liftoff 
 
Contingency Abort  
 

• Used when more than one engine dies.   
• This abort method is only used as a last resort. 
• A runway landing may be possible, but if three engines are lost, the 

crew bail out.  The crew must deploy an escape pole through the side 
hatch and attach a parachute harness to a hook on the pole.  By 
sliding down the escape pole, the crew can fall below the orbiter’s left 
wing. 

 
Abort History 
 
The shuttle has aborted in air only once: 
 
July 25, 1985:  5 minutes and 45 seconds after launch, a center engine of the 
Challenger shut down, and Mission Control chose an abort to orbit.  Rocket 
engines thrusted the shuttle into the originally planned orbit, and the crew 
successfully completed the mission.  
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4. MISSION INFORMATION 
 
Duration 

• 11 days 19 hours 12 minutes.  However, if enough supplies are left, the 
mission will extend another day.  

 
What the Shuttle is Carrying  
 

• Replacement cable reel and pump module in cargo bay (for spacewalk 
no. 2). 

• Leonardo, a pressurized cargo container.  It carries tons of supplies in 
the event that another accident delays a future shuttle from returning to 
the space station.   

• Leonardo also carries MELFI, the Minus Eighty Degree Laboratory 
Freezer.  It will be used to store scientific samples. 

• EMCS (European Modular Cultivation System), which is an incubator 
for growing plants that has control over humidity, lighting and air 
composition. 

• A new system that generates oxygen from water.  The astronauts are 
testing this system to see if it will work for a longer mission to the moon 
or to Mars. 

• A new exercise bike-like machine that gives astronauts a better 
workout. 

• A new heat exchanger to cool the cabin. 
• Thomas Reiter, a European Space Agency astronaut.  He will remain 

on the space station for six to seven months.   His arrival marks the 
first time three people have been on the International Space Station 
since 2003. 

 
 
Mission Objectives 
 
The two main purposes of this shuttle flight are: 
 

• Test procedures for inspecting possible damage to the shuttle that 
occurred during its journey into space.   

• Deliver needed supplies to the International Space Station for repair 
and future expansion. 

 
 
Schedule of important events 
 

• Day 3 = Dock at International Space Station 
• Day 5 = Spacewalk one 
• Day 6 = Crew news conference 
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• Day 7 = Spacewalk two 
• Day 9 = Crew off-duty 
• Day 11 = Separation from the International Space Station 
• Day 13 = Landing  

 
If a third spacewalk happens, Day 9 = Spacewalk 3, and the orbiter lands on Day 
14. 
 
 
Spacewalks 
 

• Two are planned.  If there enough supplies are left, the crew will stay 
on the space station one more day and will do another spacewalk. 

• Each spacewalk lasts 6.5 hours. 
• Scheduled for the 5th and 7th days.  The third spacewalk would occur 

on the 9th day. 
 
• Spacewalk One 

• Crew members will test a 50-foot robotic arm as a way to repair 
hard-to-reach sites on the bottom of the orbiter.   

• In December 2005, a cable cutter accidentally cut a cable 
outside the International Space Station.  Crew members will 
either swap the rogue cable cutter with a disabled one or they 
will install a device to block it from cutting another cable. 

 
• Spacewalk Two 

• The crew will replace a reel assembly that provides power, data 
and video to the mobile transporter, a platform that traverses up 
and down the International Space Station like a railroad car.   

• Install a spare pump for the thermal control system on the 
outside of the airlock. 

 
• Spacewalk Three 

• Test using an infrared camera to inspect and repair the panels 
that protect the orbiter’s nose cone and leading edges of the 
wings from extreme heat.  (The Columbia accident occurred 
because a piece of foam broke one of these panels during 
liftoff.) 

• Also test materials for repairing these panels. 
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5. CREW BIOGRAPHICAL SKETCHES 
 
Steve Lindsey, commander 
 

• From Temple City, Calif. 
• Born Aug. 24, 1960, he is 45 years old 
• Selected as an astronaut in 1995 
• He has been on three previous space shuttle missions 
• Graduated from the Air Force Academy in 1982 and received a 

masters in aeronautical engineering from the Air Force Institute of 
Technology in 1990 

• Colonel in U.S. Air Force 
 
Mark Kelly, pilot 
 

• From West Orange, N.J. 
• Born Feb. 21, 1964, he is 42 years old 
• Selected as an astronaut in 1996 
• Has flown on one previous space shuttle mission, for which he served 

as pilot 
• Graduated from the U.S. Merchant Marine Academy in 1986, and 

received a master’s degree in aeronautical engineering from the U.S. 
Naval Postgraduate School in 1994 

• Flew combat missions in operation desert storm 
• Commander in U.S. Navy 

 
Mike Fossum, mission specialist 
 

• Born in Sioux Falls, S.D,, but grew up in McAllen, Texas 
• Born Dec. 19, 1957, he is 48 years old 
• Selected as an astronaut in 1998 
• This is his first space shuttle flight 
• Worked for NASA as a systems engineer, technical assistant and flight 

test assistant prior to becoming an astronaut 
• Graduated with a BS in mechanical engineering from Texas A&M 

University in 1980.  He has masters in both systems engineering (Air 
Force Institute of Technology, 1981) and space science (University of 
Houston-Clear Lake, 1997). 

 
Lisa Nowak, mission specialist 
 

• From Rockville, Md. 
• Born May 10, 1963, she is 43 years old 
• Selected as an astronaut in 1996 
• This is her first space shuttle flight 
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• Graduated from U.S. Naval Academy in 1985.  Received masters in 
aeronautical engineering from the U.S. Naval Postgraduate School in 
1992. 

• Commander, U.S. Navy 
 
Stephanie Wilson, mission specialist 
 

• From Boston, Mass. 
• Born in 1966 
• She worked at the Jet Propulsion Laboratory before being selected as 

an astronaut in 1996.   
• This is her first space shuttle flight 
• Graduated from Harvard University in 1985 with a degree in 

engineering science.  Received a master's degree in aerospace 
engineering from the University of Texas in 1992. 

 
Piers Sellers, mission specialist 
 

• From England 
• Born April 11, 1955, he is 51 years old 
• Selected as an astronaut in 1996 
• This is his second space shuttle flight 
• Before becoming an astronaut, he researched the interactions between 

the atmosphere and the biosphere 
• Received bachelor's degree in ecological science from the University 

of Edinborough in 1976, received doctorate in biometeorology from 
Leeds University.   

 
Thomas Reiter, mission specialist 

• From Frankfurt/Main Germany 
• Born May 23, 1958, he is 48 years old   
• He was part of a 1995 mission to Mir 
• First German to visit the space station 
• Selected as an astronaut in 1992 by the European Space Agency 
• Masters degree in aerospace technology, 1977 
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6. SHUTTLE DESIGN MODIFICATIONS SINCE LAST YEAR  
 

• New and modified cameras allow better monitoring of damage during 
ascent.   

• New radar can better track debris falling from the shuttle. 
• Sensors along the wing can measure acceleration and temperature.  

Ten minutes after launch, each sensor will process the acceleration 
measurements to find the moment of peak acceleration.  Ground 
Control uses this data to determine whether any debris has hit the 
shuttle. 

• For this shuttle and the next one, a contingency shuttle is far enough 
along in preparations to rescue crew from the space station if the 
orbiter is too damaged to return to Earth.  It will only be used as a last 
resort.   

• The external tank is the first to fly without air load ramps, which are 
wedge-shaped layers of foam.  The air load ramps were originally 
designed to protect the external tank’s cable trays and pressurization 
lines from air instability.  After a piece of foam fell off of last year’s 
shuttle during its launch, NASA decided to remove the air load ramps 
completely since the shuttle’s current cable tray design should not 
have any problems with instability.  37 pounds of foam were removed. 

• Last year pieces of foam also fell off three ice/frost ramps.  In the lab, 
engineers chilled and pressurized the ice ramps to very cold 
temperatures and found cracks.  The space shuttle program 
management decided to keep the ice ramps in their current 
configuration, however, because changing them would result in even 
more uncertainty about their risks.    

• Small foam ramps were added to the ice/frost ramps where the air load 
ramps were removed.  They make the geometry of the ice/frost ramps 
in that location consistent with the rest of the tank. 

• During last year’s shuttle, a divot formed in the foam near the external 
tank’s bipod attachment.  The engineers concluded that during the cold 
temperatures in space, gases moved into regions under the foam.  To 
correct this problem, NASA replaced electrical harnesses that service 
the bipod heaters and temperature sensors.  These new harnesses 
should reduce potential for nitrogen gas leakage.  Also, an improved 
glue that removes empty spaces beneath the cables should keep 
gases from leaking under the foam. 
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7. SPACE SHUTTLE ACCIDENTS 
 
Challenger 
 

• The o-ring pressure seal failed, allowing hot gases to leak through a 
joint in the right solid rocket booster.  The emitted flame breached the 
external tank and the orbiter broke up 73 seconds from liftoff. 

• After the Challenger accident, the attach ring where the solid rocket 
booster connects to the external tank was modified so that the ring 
completely encircles the motor case.  External heaters keep the joint 
and o-ring temperature above 75 degrees Fahrenheit.   

Columbia 

• Foam from the left bipod ramp struck the thermal protection panels on 
the left wing.  The damage allowed hot gas to enter the wing during re-
entry into Earth’s atmosphere.  

• Foam shed 1 minute and 22 seconds after liftoff 
• The piece of foam was 21 to 27 inches long and 12 to 18 inches wide. 

 

What happened during last year’s launch: 

Discovery 2005 (Return to Flight) 

• Foam shed 127 seconds after liftoff. 
• The largest piece was 36 inches long at its longest point and 11 inches 

wide at its widest point. 
• Foam also fell off of three ice/frost ramps.  One piece was 

approximately 7 inches by 2 inches. 
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