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Tell me the summary of the Apollo 13 Story of Survival? What are the top
contributors of the safe return of the crew? What went wrong in the mission? What
went well? Without Houston Command center, will it be possible to know that they
have to execute “manual burn” or able to come up with ideas to filter co2 etc?
What can human learn from the story? What were the thinking errors ?

Summary of the Apollo 13 Story of Survival

The Apollo 13 mission, launched on April 11, 1970, was intended to be the third
lunar landing. However, two days into the mission, a catastrophic explosion in the
Service Module crippled the spacecraft, causing a loss of oxygen and power. The
explosion was caused by a routine "stir" of the oxygen tanks. The mission's
primary goal of a lunar landing was immediately aborted, and the new objective
became the safe return of the three-person crew: Jim Lovell, Fred Haise, and Jack
Swigert.

The astronauts were forced to move into the Lunar Module (LM), which was
designed to support two men for just over two days on the lunar surface. Now, it
had to serve as a "lifeboat" for three men for four harrowing days. With the help of
Mission Control in Houston, the crew faced a series of life-threatening challenges:

1. Limited power and resources: The crew had to conserve every bit of power,
water, and oxygen. The Command Module (CM) was powered down to save its
resources for the re-entry to Earth.

2. Carbon dioxide buildup: With three astronauts in a module designed for two,
the cylindrical lithium hydroxide filters in the LM were not sufficient to scrub
the rising levels of CO2.
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3. Navigation and trajectory: The explosion had knocked the spacecraft off its
intended course. They had to execute a manual burn to get back on a "free-
return trajectory" around the Moon and back to Earth.

4. Cold and wet cabin: The lack of power and life support systems led to
extremely cold conditions and condensation, which threatened to damage the
electronics during the crucial re-entry phase.

Through immense teamwork, ingenuity, and problem-solving, both the crew in
space and the teams on the ground improvised new procedures and creative
solutions to these challenges. They successfully built a makeshift CO2 filter,
navigated the spacecraft back to Earth, and powered up the CM for a safe re-
entry and splashdown in the Pacific Ocean. The mission, despite its failure to
land on the Moon, is often called a "successful failure" due to the astounding
feat of human collaboration and resilience.

Top Contributors to the Safe Return of the Crew
The safe return of the Apollo 13 crew was a result of a monumental effort involving
many people.

The top contributors were:

1. The Apollo 13 Crew (Jim Lovell, Fred Haise, and Jack Swigert): Their calm
demeanor, resourcefulness, and ability to follow complex, improvised
instructions under extreme pressure were essential. They executed manual
burns, built the makeshift CO2 filter, and managed the limited resources, all
while facing the reality of a potential catastrophe.

2. Mission Control in Houston: Led by flight directors like Gene Kranz and Glynn
Lunney, the teams on the ground worked tirelessly. They invented new
procedures for everything from powering down the CM to navigating the
spacecraft with a manual burn. Their ability to simulate the problems on Earth
and devise solutions with only the materials available to the astronauts was
critical.

3. The Ingenuity of Engineers and Scientists: Teams of experts on the ground
worked around the clock to create solutions to problems that had never been
encountered before. The most famous example is the team that designed the
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improvised CO2 scrubber, using only materials they knew were on board the
spacecraft, and then communicated the assembly instructions to the crew.

4. Communication and Teamwork: The clear, concise communication between
Mission Control and the crew was paramount. A single point of contact, the
CAPCOM (Capsule Communicator), ensured that information was transmitted
without confusion. The spirit of "failure is not an option" permeated the entire
operation, fostering an environment of supreme teamwork.

What Went Wrong in the Mission?

The primary cause of the Apollo 13 accident was a catastrophic explosion of
an oxygen tank in the Service Module. The chain of events leading to this
failure began well before the mission:

5. Damaged Thermostatic Switches: An oxygen tank that had been originally
installed on Apollo 10 was damaged during ground testing. A routine
procedure to "boil off" excess oxygen was performed using a high-voltage
power supply (65V DC) instead of the standard 28V DC. This caused the
thermostatic switches inside the tank, which were designed to cut power at
80°F, to weld shut.

6. Teflon Insulation Damage: With the switches welded shut, the heater in the
tank ran continuously for eight hours, reaching temperatures far beyond what
the tank's gauges could measure (over 1000°F). This extreme heat severely
damaged the Teflon insulation on the electrical wiring inside the tank.

7. The "Stir" That Caused the Spark: During the Apollo 13 mission, when the
crew was instructed to "stir" the cryogenic oxygen tanks to get a more
accurate reading, the exposed, damaged wires sparked. This spark ignited the
Teflon insulation and the pure oxygen, causing the explosion that blew off a
panel of the Service Module and crippled the spacecraft.

What Went Well?
Despite the crisis, many aspects of the mission and the response to it were
highly successful:

8. The Crew's Training and Composure: The astronauts' extensive training and
their ability to remain calm and focused under immense pressure allowed them
to accurately assess the situation and follow the complex instructions from
Houston.

Al-01928 Apollo 13 Thinking Errors



9. The Lunar Module as a Lifeboat: The fact that the Lunar Module (LM) was
capable of serving as a lifeboat was a testament to the robust design and
planning of the Apollo program. Though never intended for this purpose, its
systems were adapted to keep the crew alive.

10. Ground Control's Problem-Solving and Resourcefulness: The quick thinking
and innovative solutions developed by the teams on the ground were nothing
short of miraculous. The "CO2 scrubber" and the manual navigation
procedures are classic examples of this ingenuity.

L1. The Free-Return Trajectory: The initial flight path was designed to swing
around the Moon and use its gravity to slingshot the spacecraft back toward
Earth, providing a critical "get-out-of-jail-free card" that was the foundation of
the rescue plan.

The Role of Houston Command Center
Without Houston Command Center, it would have been nearly impossible for the
crew to survive.

1. Manual Burn: The crew would not have been able to calculate the precise
timing and duration of the "manual burn" needed to correct their trajectory.
This required complex calculations and simulations that could only be done on
the ground. The crew was able to execute the burn by relying on a procedure
that involved using their wristwatches to time the engine firing and aligning the
spacecraft by looking through a small window at the Earth's terminator.

2. CO2 Filter: The solution for the CO2 problem was entirely devised by the
ground teams. They used only the materials they knew were on board (plastic
bags, cue cards, hoses, and duct tape) to create a working adapter that could
connect the square filters from the CM to the round receptacle in the LM.
Without this, the crew would have asphyxiated.

3. Power-up and Re-entry: The procedure for powering up the cold and damp
Command Module for re-entry was entirely new. The ground teams had to
write and test these procedures in a simulator before relaying them to the
crew, as the normal procedures assumed the spacecraft was fully functional.
What Can Humans Learn from the Story?

The Apollo 13 mission provides several powerful lessons:
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4. Resilience and Adaptability: The mission is a testament to the human capacity
to adapt and overcome seemingly insurmountable challenges. When the
original plan failed, everyone involved pivoted to a new goal: survival.

5. Ingenuity and Creative Problem-Solving: The story highlights the power of
creative thinking under pressure. Solutions were found not through advanced
technology but by using simple, available materials in novel ways.

6. The Importance of Teamwork and Communication: The success of the mission
was a direct result of seamless communication and collaboration between the
crew and the ground teams. The "we" culture, where everyone was focused
on a single, shared goal, was key.

7. Learning from Failure: NASA's classification of the mission as a "successful
failure" is a powerful lesson in itself. The accident led to a full investigation
and significant improvements in spacecraft design, procedures, and quality
control, making future missions safer.

Thinking Errors
While the Apollo 13 mission is a story of triumph, there were several critical
thinking errors that contributed to the initial problem:

1. Confirmation Bias: The damaged oxygen tank had shown anomalies in pre-
flight testing, but these were explained away or not fully investigated. The
team moved forward with the belief that the tank was safe, overlooking the
warning signs.

2. Anchoring Bias: The technicians became "anchored" to the idea that the tank
could be fixed by "boiling off" the remaining oxygen. This led them to use a
power source that was far too strong for the tank's components, causing
irreversible damage.

3. Faulty Assumptions: The assumption was made that the thermostatic switches
were rated for the high voltage being used during the pre-flight testing. This
incorrect assumption was a critical error in judgment that set the stage for the
later explosion.

4. Hindsight Bias: While not a thinking error at the time, the entire incident is a
reminder of how easy it is to look back and see the chain of events that led to
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a disaster. It emphasizes the need for a rigorous, "no stone unturned"
approach to safety and quality control.
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