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Assignment Task   
Write a detailed and concision report on an Industrial Disaster
Explaining how this could have evolved differently with modern design tools in the 4th industrial revolution.
Maximum word count of 3000 words.



Report Summary
This report will explain the design concept and working principles of the Challenger Space Shuttle, then review the root causes of the Challenger Space Shuttle disaster. Consideration will be given to the industry 4.0 technologies available today that could have been used to prevent this disaster, if purely engineering considerations were the decision-making factors.
Literature reviews have been conducted to gain a greater understanding of historical background to the Challenger Space Shuttle disaster, including industry specific investigation reports and eyewitness accounts from individuals involved in the events leading up to the disaster.
The types of literature reviewed include: -
· Online engineering journals & blogs.
· Websites
· Published government investigation reports.
· Industry related publications
· Industry related databases
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Introduction
At 11:39 a.m. EST on January 28, 1986, the Space Shuttle Challenger explored 73 seconds into its flight, killing all seven crew members aboard. The spacecraft disintegrated 46,000 feet (14 km) above the Atlantic Ocean. This was the first fatal accident involving an American spacecraft while in flight.
The mission, given the name STS-51-L, was the tenth flight for the orbiter and the twenty-fifth flight of the Space Shuttle fleet. STS 51 L’s task was to study Halley's Comet and launch communications satellites, as well as taking schoolteacher Christa McAuliffe into space.  This last fact accounted for the launch and disaster being seen live in many schools across the United States of America.
The space shuttle was designed to be launched like a rocket, while landing like a glider airplane. The solid rocket boosters and the main engines on the orbiter helped the shuttle blast off from Earth like a rocket. The two solid rocket boosters dropped off the shuttle two minutes after launch.

 [image: ]
Fig. 1 Space Shuttle Challenger Design (mukminin, 2017)
The space shuttle system was a partial reusable system, consisting of the Orbiter Vehicle (OV), external fuel tank and two Solid Rocket Boosters, (SRB). The Orbiter Vehicle and the Solid Rocket Boosters were reused, but the external tank had be replaced for each launch.
On liftoff the space shuttle was powered by the two Solid Rocket Boosters for approximately two minutes. Then when their fuel would be exhausted, they would detach and parachute back to earth. The three engines on the orbiter would power the space shuttle for the next six and half minutes, after which the external tank would detach from the orbiter vehicle and fall back to earth and burn up in the atmosphere. At this stage the three main engines would be out of fuel and would not be used again during the mission. The last push to get into orbit is done by the two small OMS motors. Once in orbit, the obiter vehicle would circle the earth every 90 minutes, at a speed of 28,00 km/h (17,500mph). The payload doors would then open and release the payload into low earth orbit (100 km to 550 km above the earth’s surface). Then the OMS motors would be fired to slowdown the space craft to allow for re-entry through the earth’s atmosphere. Once near the ground the orbiter is landed in the same way a conventional aircraft and it would also deploy parachutes to help decrease it’s speed further.
(Process Excellence Network, 2014)












Challenger space shuttle disaster findings
After the Challenger space shuttle disaster, several high profile investigates were undertaken to find the root cause of the accident. President Ronald Reagan created the Rogers Commission to investigate the accident. 
The commissions report criticised NASA's working environment, culture and decision-making processes that had contributed to the accident. 
The technological cause of the disaster was the failure of the primary and backup O-ring seals in a joint in the shuttle's right solid rocket booster (SRB). 
A contributing factor was the effect that low temperatures on the morning of the launch had on the rubber O-rings. This reduced the O-rings elasticity, resulting in a greater time being required for the sealing condition to be made. 
When an O-ring is cooled below its glass transition temperature Tg, it loses its elasticity and becomes brittle. More importantly, when an O-ring is cooled near (but not beyond) its Tg, the cold O-ring, once compressed, will take longer than normal to return to its original shape. O-rings work by producing positive pressure against a surface, to prevent leaks.
[bookmark: _Hlk146797124]This was famously demonstrated by Professor Richard Feynman of California Institute of Technology (Caltech), when he placed a small O-ring into ice-cold water, and subsequently showed its loss of flexibility before an investigation hearing.
On the night before the launch, very low air temperatures were recorded at Cape Canaveral, Florida. This instigated NASA technicians to conduct temperature checks around the space shuttle. The ambient temperature was within launch parameters, and the launch sequence was allowed to proceed. 
However, the temperature of the rubber O-rings remained significantly lower than that of the surrounding air. 
During his investigation of the launch footage, Professor Richard Feynman observed a small “out-gassing” event from the Solid Rocket Booster at the joint between two segments in the moments immediately before the disaster. This was blamed on a failed O-ring seal. The escaping high-temperature gas affected the external tank causing the destruction of the external tank. This teared the orbiter apart and both solid rocket boosters flew uncontrollably until the range safety officer destroyed them.
[image: Challenger explosion: The space shuttle broke apart and killed everyone on  board 34 years ago today | CNN]
Fig. 2 Challenger Explosion (CNN, 1986)
From the crew compartment, human remains and many other parts from the shuttle were recovered from the ocean bed after a three-month search-and-recovery operation. 
The O-ring failure mode was not a new phenomenon. Testing in 1977 revealed the low temperature effects on the O-ring mechanical properties in the solid rocket boosters. However, NASA and the solid rocket booster manufacturer Morton Thiokol didn’t do anything to address this issue. When this data was shared with Thayak, the O-ring manufacturer, there chief subject matter expert Roger Beaujolais, became concerned and Beaujolais immediately wrote a memo to Thayak management warning that the situation demanded immediate action to prevent what he called a “catastrophe of the highest order”. He then set up an internal O-ring task force to conduct more testing to design and develop a modified O-ring joint design. Although this new design had greatly reduced the risks, it was not approved by NASA in September 1985 because of its cost. Even if it had been approved, it wouldn't have been available in time for the Challenger flight. 
(IEEE, 2016)
When Engineers at the Solid Rocket Booster manufacturer Thiokoi learned that the temperature at Kennedy Space Center would fall below 20 degrees Fahrenheit the night before the Challenger launch, while only climbing to 28 degrees by launch time, they immediately concluded that the launch had to be postponed. They notified their colleague at Kennedy Space Center, who arranged a conference call so engineers could present their recommendation to the NASA program managers, as the solid rocket booster's design specifications required an operating range of 40 to 90 degrees Fahrenheit. The recommendations to postpone the launch were rejected by the NASA Management team, who criticized the presentations rationale, claiming that the data was inconclusive and therefore ought not be used as the basis for postponing. The Thiokoi VP Bob Lund was pressurised to agree with the NASA management team by stating “it's time for you to take off your engineer’s hat and put on your management”. Lunds resolve crumbled, and he agreed to support the launch.
(Vaughan, D., 1990.)
The Rogers Commission offered nine recommendations on improving safety in the space shuttle program, 
1. Design and Independent Oversight
2. Shuttle Management Structure, Astronauts in Management and Shuttle Safety Panel
3. Criticality Review and Hazard Analysis
4. Safety Organization
5. Improved Communications
6. Landing Safety
7. Launch Abort and Crew Escape
8. Flight Rate
9. Maintenance Safeguards
(COMMITTEE ON SCIENCE AND TECHNOLOGY HOUSE OF REPRESENTATIVES NINETY-NINTH CONGRESS, 1986)

In the aftermath of the Challenger Disaster, several key initiatives were undertaken by NASA. 
The NASA Office of Safety, Reliability, and Quality Assurance was set up, which led to the new requirement for all O-rings used by NASA having to be treated the same as those used in medical equipment. There needed to be full traceability on raw material certificates of conformance and batch manufacturing parameters while being supplier in sealed airtight packaging.
Deployment of all future commercial satellites would be launched from expendable launch vehicles rather than from a crewed orbiter. 
The construction of a new Space Shuttle design orbiter, Endeavour, was approved in 1987, 
All subsequent missions were launched with redesigned Solid Rocket Boosters and their crews wore pressurized suits during ascent and re-entry.
[bookmark: _Hlk147221886](IEEE, 2016) (NASA OFFICE OF SAFETY, RELIABILITY, MAINTAINABILITY AND QUALITY ASSURANCE, 1988.)


Beneficial Industry 4.0 Technologies
Technical advances, classed as the fourth industrial revolution of industry 4.0 could have eliminated the Challenger Space Shuttle disaster. The main technologies advances that would have been beneficial would be the use of real-time Data Monitoring and Analysis, as this would have allowed real-time monitoring of critical systems, such as the temperature in the proximity of the O-ring seals. With the use of modern remote sensing devices, and using internet of industrial things (IIOT), continuous wireless communication between the sensors is possible. Current designs are small enough to be incorporated into the O-ring mechanism, without interfering with the O-ring seal operation. This that could trigger an alert in real-time, allowing intervention before the launch. 
Also, the use of Digital Twins technologies would generate a virtual replica of physical system and it would be possible to run simulations of the shuttle's launch. This would use the full range of component interface tolerance bands, identifying potential failures and weaknesses in the design. 
This would not be possible with current prototyping methods, where physical prototypes are manufactured and tested to a standard set of test parameters. As all prototypes are manufactured to nominal dimensions, the extreme conditions of the maximum and minimum interface mating conditions are never actually tested. 
The use of advance robotics or cobots, could be used to perform tasks in hazardous environments. They could have been used to inspect and repair the shuttle without risking human lives.
Big Data and AI technologies can analyse vast amounts of data. They could have assessed historical data on O-ring performance, revealing failure modes that led to failures in previous launches. With the potential for AI to be used to control the launch, the issue of outside considerations influencing the human decision to launch would be eliminated and would have prevented the catastrophic failure.
 (McKinsey & company, 2022)

Conclusion and Recommendation 
The Challenger Space Shuttle disaster in 1986 was a tragic event that resulted in fatalities, with the failure due to various factors, including engineering design failures, and human error in decision making.
Industry 4.0 technologies, if available at the time, could have potentially prevented this disaster through the following means.
1. Real-time Data Monitoring and Analysis: Industry 4.0 technologies enable real-time monitoring of critical systems. In the Challenger's case, a sensor detecting issues with the O-rings, which caused the disaster, could have triggered an alert in real-time, allowing engineers to intervene before launch.

2. Predictive Maintenance: Industry 4.0 emphasizes predictive maintenance. Advanced sensors and analytics could have predicted the failure of critical components like the O-rings, preventing the launch until they were replaced.

3. Digital Twins: Industry 4.0 promotes the creation of digital twins, virtual replicas of physical systems. Engineers could have run simulations of the shuttle's launch, identifying potential failures and weaknesses in the design.

4. Collaborative Robotics - Cobots: Collaborative robots can perform tasks in hazardous environments. They could have been used to inspect and repair the Challenger space shuttle without risking human lives.

5. Big Data and AI: These technologies can analyse vast amounts of data. They could have assessed historical data on O-ring performance, revealing patterns that led to failures in previous launches. AI could have controlled the launch parameters and not allow outside human decisions to influence the decision to launch.
(McKinsey & company, 2022)
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