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Unit 7 Reading Assignment

Engineering Ethics

(Taken from reading assignment from Valley City State University, Design for Engineering, Unit #7 Technology and Society Interaction. 2006)

“What is engineering ethics?  A simple definition of ethics:  A “generic term for several ways of examining the moral life.”  An ethical engineer is one who is competent, responsible, and respectful of Cicero’s Creed II.  Cicero’s Creed is engineering’s oldest ethic; it directed engineers to place safety of the public above all else.  Cicero’s Creed II is a modern revision which ads the following demands:  an engineer must be knowledgeable regarding risk assessment and failure characteristics of a given technology.  Also the individual must exercise stewardship of public resources.  The Creed II also speaks to the organization since most engineering is done be teams.

The reason that ethics discussions reach the public is that the nature of engineering is to solve problems that push the envelope of knowledge, and where gaps in knowledge exist, there is risk.  Surprisingly, even with such risk, many if not most disastrous accidents were anticipated and usually predicted by some engineer in the organization.  The public of course is shocked, but insiders are not.  Why?  Because engineering is also about balancing cost, schedule and risk.  One example of such an occurrence happened in 1974 when a DC-10 airliner loaded with 346 people crashed near Paris killing all aboard.  The cargo door opened, decompression suddenly occurred which collapsed the floor that contained the control cables.  It was no accident.  An engineer named FD Applegate of Convair, a subcontractor who built the fuselage for McDonnell Douglas, wrote a detailed memo in 1972.  A tiny quote from he memo titled “DC-10 Future Accident Liability” read as follows:  “It seems to me inevitable that, in the twenty years ahead of us, DC-10 cargo doors will come open and I would expect this to usually result in the loss of the airplane”.  Who was to blame?  Applegate had tried to warn his superiors at Convair.  But McDonnell Douglas had designed the doors.  There would be a protracted battle to decide who would pay for the fix.  There had been a failure on the ground, and one non-fatal incident in the air.  The FAA and NTSB took little action permitting only “Band-Aid” fixes.  Finally the crew that filed to hood the latches properly could not read the English warnings on the door. 

The most investigated disaster of modern times occurred in 1986, it was the explosion of the space shuttle “Challenger”.  The Challenger disaster had an Applegate equivalent.  His name was Roger Boisjoly, an engineer at Morton Thiokol, subcontractor for the main engines.  This time there were many more causes and many more shoulders to bear the blame.  First of all, the congress agreed to fund the shuttle at half the projected cost, and NASA accepted the terms.  The so-called low bidder ethics were already at work.  Again, the balance is cost, deadlines and safety.  The more testing that was done, the higher the cost, and the more time delays.  Time of course is money.  There had been many delays in getting the first shuttle launched, and many more between various launches.  This time, the launch window required an immediate launch, but the weather was too cold.  The seals had not been tested at temperatures this cold.  Remember, gaps in knowledge create risk.  Examination of seals on previous launches revealed partial failure at warmer temperatures.  What would happen?

The problem, which gave launch officials cold sweats at the last moment, was serious, but it was a result of a much deeper cost cutting and time saving problem.  Normally, components are designed, constructed and tested one piece at a time.  If one part needs serious modification, it can be changed without redesigning the whole system, in this case the engines.  To save money and time NASA opted to leave behind previous practice and go with an “all up” system.  This means that everything is designed, built, assembled and tested as a whole.  If a component doesn’t work out, the whole system may have to be redesigned.  But a part deep inside the system is difficult to diagnose and fix, such a problem may even go unnoticed.

Who was at fault?  Should Roger Boisjoly, have gone to the press and “blew the whistle” in the hours before the launch?  Later in this unit you will make judgments on issues such as these.”

Engineering vs. Science

(Taken directly from Boostbuck.com, 2006)
“The difference between engineering and science is profound, but not very complicated. The scientist analyzes Nature as he finds it. The engineer makes something, and then analyzes it!
Note that the engineer's materials are those provided by nature. That is, he uses matter: the elements of the periodic table, and compunds of them to make what we may safely call a machine. Note further that the fact that his invention is complicated means that a) an atom-by-atom analysis is impossible, and not particularly useful; and b) a simpler analysis is called for, and is necessary.

This simpler analysis often takes the form of the construction of a model--a schematized diagram with components that are exactly defined mathematically. The reason the model is necessary is that the engineer is designing his machine to do some task. He must be able to understand his machine as he progresses, so that he can modify it intelligently, with some hope of success. The engineer modifies his model to agree with his experience of his machine, and modifies his machine when it does not perform as desired. In this way, he is able to "steer" his design to its conclusion.

Note further that this makes the engineer an "odd duck!" For he builds something from scratch, something he only imperfectly understands, and then analyzes the thing he has built in an attempt to understand it! He agonizes over it when it behaves in ways he didn't expect or even when he simply can't understand the cause of its behavior in the first place. Then when he is done, rather than being satisfied with it, he tries to improve it, and the design process starts all over....

Our scientist meanwhile, is only too happy to unify his theories, and reduce his understanding to the simplest terms. He would never go out of his way to make more "stuff" to analyze, as it would only mean more work for him!

As an example of the general principle, think of the internal combustion engine. The first working automobile was built over a century ago. It would take one from here to there without human or horsepower. Yet for decades, the automobile engine has intrigued the men who design, redesign, build and drive it. Problems with such things as horsepower and torque, knocking and pinging, run-on, pollution, fuel efficiency and incomplete combustion have been recognized and addressed in considerable detail over the decades. Yet it is hard to imagine that Herr Otto, the deviser of the internal combustion engine, foresaw that he was incorporating these "gremlins" into his design!

The unfortunate conclusion is that one does not necessarily know in advance what a thing will do, just because one created it! Only through experience are we sure to learn the limits of a new invention!

Parenthetically, a very excellent book exists, called "Why Things Bite Back" or "Technology and the Revenge of Unintended Consequences."  It explores, in plain English rather than Mathematics or Tech talk, the duplicitous nature of household appliances and other everyday things. The problem with them, author Edward Tenner explains, is that although one buys [my own made up example] a window air conditioner, one gets in the bargain a heavy, drippy, noisy thing that consumes lots of electricity and forever requires a clean filter!  In other words, one can't have purely a room cooler--all of the rest of an AC unit comes along with it!”  With technology there are trade-offs that need to be weighed.  In this case, it is cooler air vs. electricity consumption, noise, dripping water, and filter cleaning.  Cooler air seems to win every time!

“I encountered this phenomenon many years ago from this standpoint: Although an engineer puts much time and effort, and love and passion even, into his design; in the end, it is only an inanimate object that ships to the customer. The thing simply obeys the laws of nature, for better or for worse! Whether a characteristic is spec'ed out, or a performance parameter is tested in production makes no difference, any more than the definition of terms (ripple, gain, etc.) influence its behavior. The device will simply do what Nature's laws determine that it must.

This fact is rather unsettling to the beginning engineer, since he can't "be there" to tweak his design if it doesn't perform as desired, or "smooth things over" with a customer when it comes up short of expectations. At the same time, it should be a comfort as well, since the principle guarantees that with "all the right parts in all the right places," a machine will perform reliably! This is the principle of Mass Production: If the 1st of N identical units performs, the 2nd thru Nth will too!”

Engineering and Society

(Reading assignment from Valley City State University, Design for Engineering, Unit #7 Technology and Society Interaction. 2006)

“A bit of technology is dropped in our midst, and change happens. “

“Historian Lynn White in the early 1960’s was among the first to show that technology often acts as a system and within a system to cause change.  As a result, his history portrays complex and encompassing social change caused by evolving, interacting technology components such as plows, ox teams, and harnesses.  White argues that during an era when nine-tenths of the population of Europe was involved in tillage, changes in the mode of plowing modified population, wealth, political relationships, leisure, and cultural expression and brought about one of the most prevailing and characteristic social institutions of the Middle Ages, the medieval manor.  

James Burke points out that it was a system of technologies that brought about world travel several centuries ago.  These technologies included star charts, the compass, the Lateen sail, sternpost rubbers and maps.  Thomas Hughes points out that as these systems evolve, and become more complex, they demand new technologies.  His example is that of the 20th century steel ship with magnetic hulls and electric motors everywhere that rendered the magnetic compasses useless.  AS a result the gyrocompass became necessary, and was invented by 1910.  Thus we see one technology system breeding another” and advancing science and mathematics along the way.  

“Burke also reveals another factor in the complicated social-technological system – values.  He demonstrates how the ancient (and medieval) Chinese society invented almost everything we think of as Western, yet allowed no change in its own social structure.  The Chinese invented gunpowder, rockets, the horizontal loom, the spinning wheel, waterwheel, clockworks, print, paper, mass-produced steel and the compass.

Alfred Chandler I his Pulitzer prize winning volume the “Visible hand” shows us how modern management practices forced technological change in the late 19th and early 20th centuries that could not have happened simply through the “trigger effect”, meaning one technology triggering another and so on.  Other writers endeavor to illustrate how the effects of geography, politics and social context play a role.  Still others show the role of government and how it influences technological change trough agencies like NASA and military projects.  Silicon Valley, the space race, and the information age all ear the unmistakable stamp of government intervention.”
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List of 10 engineering success stories
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3. Wright Brothers – flight [image: image3.jpg]



4. Thomas Edison and the light bulb [image: image4.jpg]
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8. Parthenon of Greece [image: image8.jpg]
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10. Brooklyn Bridge [image: image11.jpg]


 [image: image12.jpg]



Sears Tower
Completed in early 1973, the Sears Tower is an attractive and contemporary 110-story trophy office tower consisting of steel columns and beams in a “mega-module” system. The building contains approximately 3.8 million rentable square feet including approximately 159,000 square feet of retail space. The property also features a 160-car underground parking garage. Other amenities include a world-class broadcast platform, tallest sky deck, full-service conference center, fitness facility, and exceptional technology features. 

The Sears Tower rises to a height of 1,450 feet and is one of the most recognizable landmarks in the Chicago skyline and in the world. The Sears tower held the record for the world’s tallest building for 25 years until the Petronas Towers in Kuala Lumpur, Malaysia were built in 1998. Including the Sears Tower antennas, the total height of the Sears Tower increases to 1,725 feet. Designed by the architectural firm Skidmore, Owings & Merrill, for Sears, Roebuck & Company, the world’s largest retailer at the time, the building is the preeminent office address in Chicago and one of the premier properties in the world. The property provides an irreplaceable West Loop location, unparalleled views from all of the property’s highly efficient floors and an unmatched prestige.

Fazlur R. Khan was the structural engineer that designed the building. He also designed the John Hancock building in Chicago.  F. R. Khan was known as the “Einstein of Structural Engineering”. He was born in Bangladesh and completed his undergraduate coursework at the Bengal Engineering College, University of Calcutta (Now Bengal Engineering and Science University, Shibpur).  He received his bachelor’s degree from the University of Dhaka in 1951 while placing first in his class. He received a Fulbright Scholarship and a government scholarship that enabled him to travel to the United States in 1952.  Here he pursued advanced studies at the University of Illinois at Urbana-Champaign. In three years Khan earned two Master’s degrees — one in structural engineering and one in theoretical and applied mechanics.  He then earned a PhD in structural engineering.  

In designing the Sears Tower, he had to overcome such questions as:

· How will it stand up? 
· How will it withstand wind load?
· How economic will be the construction?
· How will it appear in the skyline?
· How will the street life be affected at the foot of the tower?
· What will the building communicate?
F.R. Khan passed away in 1982.  A famous artist, Carlos, Marinas, was asked to make a sculpture of him and it is now located in the Sears Tower.  F. R. Khan pushed the boundaries of modern architecture and dramatically changed the physical landscape of Chicago.
(See also the Brooklyn Bridge power point example.)
Assessment of Successful Engineering Project

Name of engineer (5 pts)



______________

Engineer’s background (10 pts)
 

______________

Historical setting of project (10 pts)

______________

Engineering challenges (10 pts)


______________

Ethical conflicts or challenges (5 pts)

______________

How have we benefited from this (10 pts) 
______________

Standards

Standard #2: Students will develop an understanding of the core concepts of technology.

o [2.W] Systems thinking applies logic and creativity with appropriate compromises in complex real-life problems

o [2.X] Systems, which are the building blocks of technology, are embedded within larger technological, social, and environmental systems.

o [2.Z] Selecting resources involves trade-offs between competing values, such as availability, cost, desirability, and waste.

o [2.CC] New technologies create new processes.

• Standard #3: Students will develop an understanding of the relationships among technologies and the connections between technology and other fields of study.

o [3.J] Technological progress promotes the advancement of science and mathematics.

• Standard #4: Students will develop an understanding of the cultural, social, economic, and political effects of technology.

o [4.H] Changes caused by the use of technology can range from gradual to rapid and from subtle to obvious.

o [4.I] Making decisions about the use of technology involves weighing the trade-offs between the positive and negative effects.

o [4.J] Ethical considerations are important in the development, selection, and use of technologies.

• Standard #7: Students will develop an understanding of the influence of technology on history.

o [7.I] Throughout history, technology has been a powerful force in reshaping the social, cultural, political, and economic landscape. 

o [7.J] Early in the history of technology, the development of many tools and machines was based not on scientific knowledge but on technological know-how.
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