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 MAE 4292: AEROSPACE ENGINEERING DESIGN II
 A Brief Introduction to Engineering Ethics
 April 22, 2009
 Mechanical and Aerospace Engineering Department
 Florida Institute of Technology
 D. R. Kirk
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 FINAL PRESENTATIONS: WEDNESDAY, APRIL 29, 2009
 • 3 – 5pm• Random presentation order• 12 minutes per team
 – 5 minute presentation (possible format)• Objectives and Motivation (1 slide)• Approach (1 slide)• Requirements (1 slide)• Analyses (analytical, numerical, experimental) completed (2 slides)• Accomplishments (2 slides)• What went well… what didn’t go well (1 slide)
 – 7 minutes for final questions and comments• Evaluated by other teams, 3 simple questions
 – Did the team do (achieve) what the said they were going to do?– Are their accomplishments consistent with a top-tier aerospace engineering
 program senior design project?– What grade A/B/C would you give this team– Optional: Do you want to give grades based on individual performance?
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 QUESTIONS TO THINK ABOUT
 • What is your definition of ethics?
 • What is your definition of morals?
 – Where did you derive these from?
 – Do either have absolutes for you?
 – Are either of these relative (time, place, industry, etc.)?
 – Can these be in conflict with each other?
 • Note to self: Make sure you do not offer any opinions or personal sentiments during the lecture
 • What is in the news today (not necessarily engineering related):
 – CIA interrogation techniques
 – Bernie Madoff
 – This morning Freddie Mac CFO hung himself
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 ETHICS CODES• Engineering Ethics:
 – Engineering ethics is the field of applied ethics which examines and sets standards for engineers' obligations to the public, their clients, employers and the profession.
 – Professional engineers, are governed by statute, and have generally consistent codes of professional ethics
 – http://www.fbpe.org/
 • Fundamental Canons: 1. Engineers shall hold paramount the safety, health and welfare of the public and shall
 strive to comply with the principles of sustainable development in the performance of their professional duties.
 2. Engineers shall perform services only in areas of their competence. 3. Engineers shall issue public statements only in an objective and truthful manner. 4. Engineers shall act in professional matters for each employer or client as faithful
 agents or trustees, and shall avoid conflicts of interest. 5. Engineers shall build their professional reputation on the merit of their services and
 shall not compete unfairly with others. 6. Engineers shall act in such a manner as to uphold and enhance the honor, integrity, and
 dignity of the engineering profession and shall act with zero-tolerance for bribery, fraud, and corruption.
 7. Engineers shall continue their professional development throughout their careers, and shall provide opportunities for the professional development of those engineers under their supervision."
 http://www.fbpe.org/
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 OTHER ETHICS CODE EXAMPLES• "Members of the ICE should always be aware of their overriding responsibility to the public
 good. A member’s obligations to the client can never override this, and members of the ICE should not enter undertakings which compromise this responsibility. The ‘public good’ encompasses care and respect for the environment, and for humanity’s cultural, historical and archaeological heritage, as well as the primary responsibility members have to protect the health and well being of present and future generations”
 • National Society of Professional Engineers (NSPE): "Engineers, in the fulfillment of their professional duties, shall: Hold paramount the safety, health, and welfare of the public.“
 • American Society of Mechanical Engineers (ASME): "Engineers shall hold paramount the safety, health and welfare of the public in the performance of their professional duties."
 • Institute of Electrical and Electronics Engineers (IEEE): "We, the members of the IEEE, … do hereby commit ourselves to the highest ethical and professional conduct and agree: 1. to accept responsibility in making decisions consistent with the safety, health and welfare of the public, and to disclose promptly factors that might endanger the public or the environment”
 • American Institute of Chemical Engineers (AIChE): "To achieve these goals, members shall hold paramount the safety, health and welfare of the public and protect the environment in performance of their professional duties."
 • Examine Boeing Ethical Business Conduct Guidelines
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 THE MAJOR EXAMPLES
 • Space Shuttle Columbia disaster (2003) • Space Shuttle Challenger disaster (1986) • Chernobyl disaster (1986) • Bhopal disaster (1984) • Kansas City Hyatt Regency walkway collapse (1981) • Love Canal (1980), Lois Gibbs • Three Mile Island accident (1979) • Citigroup Center (1978), William LeMessurier • Ford Pinto safety problems (1970s) • Minamata disease (1908-1973) • Chevrolet Corvair safety problems (1960s), Ralph Nader, and
 Unsafe at Any Speed • Boston molasses disaster (1919) • Quebec Bridge collapse (1907), Theodore Cooper • Johnstown Flood (1889), South Fork Fishing and Hunting Club • Tay Bridge Disaster (1879), Thomas Bouch, William Henry Barlow, and William
 Yolland • Ashtabula River Railroad Disaster (1876), Amasa Stone
 http://en.wikipedia.org/wiki/Space_Shuttle_Columbia_disaster
 http://en.wikipedia.org/wiki/Space_Shuttle_Challenger_disaster
 http://en.wikipedia.org/wiki/Chernobyl_disaster
 http://en.wikipedia.org/wiki/Bhopal_disaster
 http://en.wikipedia.org/wiki/Hyatt_Regency_walkway_collapse
 http://en.wikipedia.org/wiki/Love_Canal
 http://en.wikipedia.org/wiki/Lois_Gibbs
 http://en.wikipedia.org/wiki/Three_Mile_Island_accident
 http://en.wikipedia.org/wiki/Citigroup_Center
 http://en.wikipedia.org/wiki/William_LeMessurier
 http://en.wikipedia.org/wiki/William_LeMessurier
 http://en.wikipedia.org/wiki/Ford_Pinto
 http://en.wikipedia.org/wiki/Minamata_disease
 http://en.wikipedia.org/wiki/Minamata_disease
 http://en.wikipedia.org/wiki/Chevrolet_Corvair
 http://en.wikipedia.org/wiki/Chevrolet_Corvair
 http://en.wikipedia.org/wiki/Ralph_Nader
 http://en.wikipedia.org/wiki/Unsafe_at_Any_Speed
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 VIOLATIONS OF ETHICS (AND MORLS?)?• Boston Big Dig
 – Purchase excess metal with intent of delivering directly to metal scrap yard/recycling plant and pocketing money
 – http://resources.bnet.com/topic/boston+globe+and+sullivan.html
 http://resources.bnet.com/topic/boston+globe+and+sullivan.html
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 VIOLATIONS OF ETHICS (AND MORLS?)?• Challenger
 – Whistle blowing by professional engineers is not an unusual event, and courts have often sided with engineers in such cases, overruling duties to employers and confidentiality considerations that otherwise would have prevented the engineer from speaking out
 • Tay Bridge disaster
 – Investigators quickly determined many faults in design, materials, and processes that had contributed to the failure. No allowance for wind load had been made by Bouch. He had been advised that this was unnecessary for girders shorter than 200 feet, and had not followed this up for his new design with longer girders.
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 VIOLATIONS OF ETHICS (AND MORLS?)?• Boston Molasses Disaster
 – Occurred on January 15, 1919, in Boston. A large molasses tank burst, and a wave of molasses rushed through the streets at an estimated 35 mph (56 km/h), killing 21 and injuring 150.
 – An inquiry after the disaster revealed that Arthur Jell, who oversaw the construction, neglected basic safety tests, such as filling the tank with water to check for leaks. When filled with molasses, the tank leaked so badly that it was painted brown to hide the leaks.
 • Citigroup Center – Discovered a potentially fatal flaw in the building's construction: the skyscraper's bolted joints were too weak to
 withstand 70-mile-per-hour (113 km/h) quartering winds.– While LeMessurier's original design and load calculations for the special, uniquely-designed 'chevron' load
 braces used to support the building were based on welded joints, a labor and cost-saving change altered the joints to bolted construction after the building's plans were approved.
 – Base of the Citigroup CenterThe engineers did not recalculate what the construction change would do to the wind forces acting on two surfaces of the building's curtain wall at the same time; if hurricane-speed winds hit the building at a 45-degree angle there was the potential for catastrophic failure due to bolt failure. The wind speeds needed to topple the models of Citigroup Center in a wind-tunnel test were predicted to occur in New York City every 55 years. If the building's tuned mass damper went offline, the necessary wind speeds were predicted to occur every 16 years.
 – LeMessurier reportedly agonised over how to deal with the problem - making it known to the wider world risked ruining his professional reputation. But with hurricane season fast approaching, he took the bold decision to approach Citicorp directly, and advise them of the need to take swift remedial action. He convinced Citicorp to hire a crew of welders to repair the fragile building without informing the public, a task made easier by the press strike at that time.
 – For the next three months, a construction crew welded two-inch-thick steel plates over each of the skyscraper's 200 bolted joints during the night, after each work day, almost unknown to the general public. Six weeks into the work, a major storm (Hurricane Ella) was off Cape Hatteras and heading for New York. With New York City hours away from emergency evacuation, the reinforcement was only half-finished. Ella eventually turned eastward and veered out to sea, buying enough time for workers to permanently correct the problem.
 – Despite the fact that nothing happened as a result of the engineering gaffe, the crisis was kept hidden from the public for almost 20 years.
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 CITIGROUP BUILDING IN MANHATTAN
 • One of largest skyscrapers in NYC
 • 59 floors, 915-foot (279 m) tall
 • To help stabilize building, a tuned mass damper was placed at its top
 • Weighs 400 tons and has a volume of 255 cubic feet (7 m³)
 • Designed to counterbalance effects of wind by making the building sway
 • Concrete block that slides on a thick layer of oil and converts the kinetic energy of the building into friction
 • Mass reduces building's movement from wind deflection by 40-50%
 • Citigroup Center was the first skyscraper in the United States to feature a tuned mass damper
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 SIMPLIFIED MODEL
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 DR. SAMIM ANGHAIE, UF
 • CNN headline: “Florida professor, wife accused of stealing money from NASA”• “Financial fraud or otherwise, this isn't the guy you want being pulled in by the FBI
 because he might be corrupt.”• Anghaie is professor of nuclear and radiological engineering and director of the
 Innovative Nuclear Space Power & Propulsion Institute at the University of Florida. But he’s not just an academic. He has been an advisor and consultant to companies and government agencies, national labs and policy makers, and his involvement in nuclear technology is global in scope. (Watch for his comments on the status of Generation IV reactor development in the June issue of POWER.)
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 DR. ROBERT DAUGHERTY, NASA LaRC

Page 14
                        

14
 DR. ROBERT DAUGHERTY, NASA LaRC"My name is Bob Daugherty and I am a Senior Research Engineer here at Langley Research Center
 where I have worked for almost 23 years. At the Aircraft Landing Dynamics Facility we do research on advanced landing gear systems. We characterize aircraft and spacecraft take off and landing performance with mathematical models to describe things like steering and breaking friction. And we work from time to time on solving operational problems for a number of commercial and other governmental agencies. And in one form or another, I have worked on shuttle tire and landing issues for about 18 years.
 First, let me say that I don't know what caused the Columbia tragedy but I do firmly believe the Columbia Accident Investigation Board will figure out the cause and offer solutions to prevent it from happening again. And I feel, like everyone at NASA that we have a specific [responsibility] to the public. That is why I am speaking with you today. Honestly, I was very surprised about the attention my writing received. I view my involvement as a small sideline focused on landing issues - and I have been in somewhat of a quandary. I really do believe that the best thing I can do for the investigation is to talk to the investigation board first. On the other hand it is frustrating that my words are being misinterpreted. My quandary has now been relieved since the board has said they don't mind if I speak up. So I want to clear the air as much as possible and will hope you'll excuse me in advance if we get into any technical areas where I may still feel it is best to talk with the board first.
 And finally, before taking questions, I'd just like to mention what I consider my most important point - and that's my intention with my emails. I was asked a question from a long time friend and colleague about whether we had ever simulated a landing with two flat tires. After some thinking I believe that that was the wrong question. The thing that might get you into that predicament would manifest itself long before you got to the runway. I simply wanted to present the whole range of issues between catastrophe and perfect landing. I wanted to make sure that every body could be as ready as possible for any eventuality. The email was intended to spark discussion to ensure there were such plans and I believe that it did just that."

Page 15
                        

15
 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • In addition to education and experience requirements, persons seeking licensure as a professional engineer must
 A. have good moral character.
 B. have good standing in at least three (3) professional organizations.
 C. have permanent residency in the State of Florida.
 D. have worked on a major engineering project in the year prior to seeking licensure.
 • The practice of engineering by a corporation or partnership is
 A. prohibited if the partnership or corporation join together.
 B. permitted only if all employees, agents or officers are licensed.
 C. prohibited if the partnership or corporation is providing engineering services to the public.
 D. permitted only if the firm possesses a Certificate of Authorization issued by the Florida Engineers Management Corporation.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • Practicing engineering under a fictitious name with a Certificate of Authorization
 A. is not permitted by Board rule.
 B. is not permitted by Florida Statutes.
 C. is permitted by Florida Statutes.
 D. is not permitted by Florida Statutes or Board rules.
 • A professional engineer who practices through a corporation or partnership
 A. is relieved of personal liability for negligence through the Certificate of Authorization.
 B. is not relieved of personal liability for negligence.
 C. is relieved of personal liability for negligence only through the corporation.
 D. is relieved of personal liability for negligence only through the partnership.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • Affixing one’s seal to documents other than those which he/she was in responsible charge
 A. is permitted by Florida Statutes and by Board rule.
 B. is permitted by Florida Statutes.
 C. is permitted by Board rules.
 D. is not permitted by Florida Statutes.
 • A Certificate of Authorization, which authorizes a company to provide engineering services, is issued by
 A. the Florida Engineers Management Corporation.
 B. the Bureau of Engineering Practitioners.
 C. the Division of Quality Certification.
 D. the Secretary of State.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • Being convicted or found guilty of a crime in any jurisdiction relating to the practice of engineering is grounds for disciplinary action
 A. regardless of adjudication.
 B. only if convicted of a felony.
 C. only if the judge orders it.
 D. only if convicted of a misdemeanor.
 • Any person licensed as a professional engineer shall apply for renewal
 A. once a year.
 B. once every two years.
 C. once every three years.
 D. once every four years.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • The purpose of the probable cause panel is to
 A. determine if there is a criminal violation.
 B. promulgate rules for the Board of Professional Engineers.
 C. determine if there is probable cause to believe a violation of the engineering rules/laws has occurred.
 D. promulgate rules for the Department of Business and Professional Regulation.
 • The exercise of supervisory authority over engineering work is known as
 A. “responsible control.”
 B. “overseeing control.”
 C. “responsible charge.”
 D. “overseeing charge.”
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • An inability on the part of a professional engineer to perform required professional duties normally is known as
 A. misconduct.
 B. negligence.
 C. adverse performance.
 D. incompetence.
 • Performing an engineering assignment when not qualified by training or experience is known as
 A. negligence.
 B. adverse performance.
 C. incompetence.
 D. misconduct.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • When adopting another engineer’s work,
 A. the successor engineer only needs to change the title block.
 B. a cursory review for code compliance is all that’s required.
 C. the original engineer is still responsible.
 D. the successor engineer must be able to document and produce upon request evidence that he has in fact recreated all the work done by the original professional engineer.
 • Notification to the Florida Engineers Management Corporation by a professional engineer having knowledge of violations of Chapter 471, Florida Statutes is
 A. irrelevant to the rules and statutes governing engineering.
 B. outside of the scope of practice.
 C. required by Board rules.
 D. considered interfering with the judicial process.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • If a professional engineer believes that a conflict of interest might exist with an employer or a client, he/she should take the following action:
 A. Disclose in writing to his/her employer or client the full circumstances as to a possible conflict of interest.
 B. Assure in writing that the conflict will in no manner influence the professional engineer’s judgment, or the qualify of services to the employer or client.
 C. Promptly inform his/her client or employer in writing of any business association, interest, or circumstances that may be influencing his/her
 judgment or the quality of services to the employer.
 D. All of the above.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • Any individual part, subsystem, or device of a Fire Protection System is defined as:
 A. a specification item
 B. a Fire Protection System Component
 C. hardware
 D. Contractor-furnished material
 • Responsible charge means
 A. casual review of engineering documents.
 B. being able to sign, date, and seal any and all documents.
 C. being capable of answering relevant questions as to the engineering decisions leaving little doubt as to the engineer’s proficiency.
 D. approving a designer/draftman’s decisions.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • A professional engineer in the practice of engineering who fails to utilize due care and to have due regard for acceptable standards is deemed guilty of
 A. incompetence.
 B. negligence.
 C. misconduct.
 D. deceptive practice.
 • A professional engineer whose engineering judgment is overruled by an unqualified lay authority with the result that the public health and safety is threatened should
 A. resign.
 B. make a note in the file.
 C. inform his employer and responsible public authority.
 D. write a letter of protest to the Florida Engineers Management Corporation.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • Being untruthful, deceptive or misleading in any professional report is considered under Florida Statutes to be
 A. unethical.
 B. misconduct.
 C. incompetence.
 D. negligence.
 • Plans prepared by an engineer must be
 A. signed by the engineer.
 B. rubber-stamped by the engineer’s seal.
 C. sealed by an impression-type metal seal, signed by the engineer, and dated.
 D. sealed by an impression-type metal seal.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • When an engineer “certifies” an engineering statement,
 A. the statement can relate to matters beyond the engineer’s technical competence.
 B. it can involve matters that are beyond the engineer’s scope of services actually provided.
 C. it can relate to matters that were not prepared under the engineer’s responsible supervision, direction, or control.
 D. None of the above.
 • Affixing an engineer’s seal or name to any plans that were not prepared by him or under his/her responsible supervision, direction, or control is
 A. prohibited by Florida Statutes.
 B. permissible if the engineer who prepared the plans resides outside Florida.
 C. permissible if also sealed by the person who prepared the plans.
 D. is not permitted unless the engineer who prepared the plans grants permission.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • An engineer may prepare, sign, and seal engineering drawings containing architectural details if
 A. a seal is needed on a set of drawings to obtain a building permit.
 B. an experienced architectural draftsman prepared in the drawings.
 C. the architecture is incidental to his civil or structural engineering practice.
 D. All of the above.
 • Accepting gratuities directly or indirectly from contractors, their agents, or other parties, without written consent from the engineer’s employer or client
 A. is not permitted by Florida Statutes or Board rules.
 B. is not permitted by Board rule.
 C. is permitted by Florida Statutes and Board rules.
 D. is permitted by Florida Statutes.
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 PROFESSIONAL ENGINEER LICENSING QUESTIONS
 • Pursuant to 471.025, Florida Statutes (F.S.), the Board hereby establishes the forms of metal types and pressure seals, which are acceptable to the Board. Said seal shall be a minimum of ______ inches in diameter. The correct size is:
 A. 1-1/2-inches.
 B. 1-3/4-inches.
 C. 1-7/8-inches.
 D. 2-inches
 • Preliminary documents submitted to a public agency should be
 A. signed and sealed
 B. printed in red to show they are only preliminary
 C. clearly noted to be preliminary and not in final form and are for agency review only
 D. printed in half-size only
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 EXAMPLES AT UNIVERSITIES• Upper Administration:
 – Compliance to standards (tax, safety, insurance, policy)– Promotions to Associate or Full Professor– How numbers and statistics are reported (what is the F/S ratio? What is alumni giving?)– Fuzzy accounting ($ and personnel)– How honestly do you approach ABET – how much effort? (Harvard vs. VaTech)
 • Faculty:1. Publishing same material under many different titles (AIAA LRP)2. Taking very old material and re-publishing it as your own (AIAA LRP)3. Submitting to conferences then not attending ((1) China, (2) Iran, (3) India) (AIAA LRP)– ITAR– Including/omitting on journal publications, order of names on journal publications– Fuzzy accounting and grant index swapping, playing with the color of money– Exam grading / grade inflation (Yale vs. QCC)– How much you ask/demand of your graduate students (my issue)– Military research? Animal testing? Calculations that balance injury/human life?– What do you tell the FBI, CIA?
 • Students:– Cheating: blatant vs. ‘subtle’ / how to handle student cheating?– Research vs. course obligation
 • Question: Does a hypercompetitive university culture tend to ‘breed’ or encourage ethical violations?• Question: Relative amount of ethics discussion in engineering curriculum
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 ETHICS INDIVIDUAL HOMEWORK ASSIGNMENT
 • Examine the literature, news, magazines, etc. and write 1paragraph summarizing what you feel is a violation of engineering ethics / decision making.
 – Explicitly state what you interpret as the violation
 – What lesson(s) can be learned from this event and disseminated to current and new engineers?
 – What can be done to prevent such a situation from repeating itself?
 • Discuss a personal ethical conflict, or an ethical conflict that you observed, during undergraduate career or during senior design
 – What was so conflicting about it?
 – How was it resolved? How do you think it should have been resolved?
 – What can be learned from it and applied to the future?
 • Read/Skim Boeing Ethical Business Conduct Guidelines
 – Anything that surprises you?
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 JUNIOR DESIGN, SENIOR DESGIN I, II ASSESSMENT• What we did well:
 – Teams assessing other teams work and providing feedback
 – Accountability on written and oral presentations
 – Incredible showing at senior design showcase
 • “Aerospace Engineering had the best projects and the best presentations… hands down” Provost McCay
 – Right balance of lecture material / presentations / your own time to work on projects
 – Very honest, open feedback from students
 – 8 projects: everyone *should* have worked on exactly what they wanted
 • What we could have been better:
 – Questions I should have never answered:
 • “Do we need a control system?”
 • “Do we need to do a thermal analysis?”
 • “What do you want us to do?” / “Do we have to do that?”
 – 6 projects instead of 8
 – Enforcement of engineering notebook, for everyone, from day 1 in junior design
 • Personal Questions:
 – What is impact of professor on senior design – probably *mostly* driven by quality of class
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