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 You are the engineer in charge of the Safety Products Division of a medium-sized electrical 
products design and manufacturing company.  Your division is responsible for a number of 
electrical distribution products, including a Ground Fault Interrupter (GFI), which has been a 
popular product and a competitive seller for the last ten years.  The GFI costs $23.00 and has a 
sales figure of 135,000 during the last fiscal year.  The sales of these GFI's grossed the company 
$3.105 million and earned the company a profit (calculated at the company's standard rate of 
5%) of $155,250 during that year. 
 
 The company operates a profit-sharing scheme, where 40% of the company profits are used 
to supplement the salaries of professional staff in the division responsible for the profit-earning 
product.  The individual amounts received are pro-rated according to base salaries, and as 
Division Head you receive 24% of the profit returned to your Division.  Your two Design 
Engineers each get 17% of this amount, while your three Production Engineers each get 14%.  
On this scheme, the contribution of the GFI profit to your income was $14,904 last year.   
 
 Profit earned from the sale of other items handled by your division contributed another 
$13,500 to your income last year, so that your total income, when added to your base salary of 
$40,000, was $68,404.  In addition, you own 4000 of your company's shares, currently valued at 
$6.00, and last year the annual dividend payment was 14% on the share, earning you $3,360, so 
that your gross income (as reflected on your tax return) was $71,764.  Your "take-home" pay 
(after tax withholding, pension, and health deductions) works out to be 66% of your gross 
income. 
 
 Your lifestyle is such that you have personal financial commitments relating to mortgage and 
loan repayments, childrens' school expenses, and the ever-increasing cost of living.  However, 
you did manage to save at an average rate of $200 per month last year, implying that your annual 
committed expenses were quite high.  You expect these expenses to increase at a rate of 5% per 
year for the next few years.  
 
 Some recent events have prompted the management of your company to review the future of 
the GFI.  First, a competing company has announced a GFI of superior design to yours, at a price 
of only $24.00.  Second, your company has had to face another lawsuit involving your Division's 
GFI.  In this case, a young woman was electrocuted and her family sued your company for $2 
million.  The plaintiff, claiming that your GFI did not provide total protection to fault conditions 
(a situation which is true with the present design and which is discussed in the Technical 
Addendum below), won the case and your company's insurers have settled the claim.  The 
consequences of these events have been quite serious:  your company's insurer's have raised their 
premiums by $50,000 a year, the company's share value has fallen to $4.00 with a predicted 
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dividend payment of only 10% this year, and marketing forecasts a loss of 30% of GFI sales per 
year for the next few years.  An executive decision has been taken to finance the insurance 
premium increment from the 5% company profit earned from GFI sales. 
 
 You are very concerned about this situation.  Some simple arithmetic shows that the 
declining dividends and declining earnings from the GFI will affect your income so that it will be 
difficult to meet your existing or projected personal financial commitments.  More significantly, 
but from a very different viewpoint, your conscience is seriously troubled by another more recent 
fatality (see description of the scenario below) which was caused by the product for which you 
are responsible.  By sheer coincidence, the victim was a close college friend of yours many years 
back, and the death has resulted in a single-parent family with very young children. 
 
 Working with the company's legal and marketing staff, your Chief Engineer, and the design 
engineers in your Division, you have identified the following possible courses of action. 
 (The attached Technical Addendum covers the technical aspects of these options.) 
 
 Option 1:  Withdraw the GFI from the market.  Clearly, this action has ramifications on your 
personal income, but there are also some company issues which need consideration.  The closure 
of the GFI production line will require laying off your GFI Production Engineer and 15 of your 
25 GFI assembly line workers.  There are no immediate opportunities for your Production 
Engineer elsewhere in the company, and the other 10 assembly line workers can only be 
employed doing less skilled work in another Division and at a lower hourly wage rate.  With the 
departure of your GFI Production Engineer, your pro-rated profit share would increase from 24% 
to 27%.  Also, the wages which were previously paid to your laid-off assembly line workers 
could be used for a short-term (1 year) product development project.  You are very enthusiastic 
to completely redevelop the GFI, using new solid-state technologies, new enclosure plastics, and 
new assembly methods which take advantage of automated manufacturing.  You believe that this 
project can be successfully completed in one year with the funds released by the laid-off 
assembly line workers, although most of a second year will probably pass while you implement 
the new manufacturing system.  Your new GFI would be far superior to any other GFI which is 
currently on the market, and you believe that this new product would gross revenues in excess of 
$3.5 million after 4 years. 
 
 Option 2:  Do nothing.  While this would not be generally acceptable because of the bad 
image the product is casting on the company, it does avoid lay-offs and retains the post for your 
Production Engineer, who happens to be a personal friend.  Unfortunately, you need to reconcile 
your conscience against the product's safety hazard and the declining profits and dividends. 
 
 Option 3:  Carry out a minor design modification which includes a warning light on the 
existing GFI.  While this light does not eliminate all possible protection problems related to the 
connection of the GFI, it does warn the user if the GFI has been incorrectly installed.  The user 
will be advised to check this light on installation, but if the GFI is wrongly wired and the user 
either fails to check and respond to the light, or chooses to ignore the light, a fatality of the type 
described earlier could still occur.  The insurers view this modification favorably, resulting in a 
smaller premium increment compared to the $50,000 presently imposed.  Company analysts 
have made the following projections relating to this modification. 
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 Sales 95,000 per year 
 Costs $24.00 
 Insurance increment $20,000 (reduced to this figure from the 
   $50,000 increment if nothing is done) 
 Company share price $4.60 
 Dividend payment 12% on the share 
 No lay-offs would be required with this option. 
 
 Option 4:  Carry out a more significant modification on the existing design, so that the GFI 
offers full protection under all conditions, by including isolators at all strategic points in the 
power circuits.  The increased expense of this approach has resulted in a severely diminished 
sales forecast, but the company insurers would be sufficiently satisfied so that the premium 
increments are completely waived.  In this case, the projections are 
 
 
 Sales 45,000 per year 
 Cost $28.50 
 Insurance increment $0 
 Company share price $4.75 
 Dividend payment 13% on the share 
 No lay-offs would be required with this option. 
 
 ASSIGNMENT:  The following memorandum is delivered to your office.  Write (type, 
word-process) a response memo.  Guidelines: You are encouraged to work in teams but these 
should be of a size no larger than five people.  You may turn in a solution as a group and the 
grade given will be the same for all people in the group.  List in the line where you put your 
names the percentage contribution of each member of the team in parentheses after each person’s 
name.  The memo must be typed using good English and be no longer than one page (using a 
font no smaller than 10pt).  This problem is due at the beginning of class, on the last day of class.  
We will discuss the problem solution at that point. 
 
 
 

MEMORANDUM 
 
TO: Head of Safety Products Division 
FROM: Chief Engineer TM 
DATE: X/Y/Z 
SUBJECT: Ground Fault Interrupters 
 
 There is an item on the CEO's agenda for my next meeting with her to resolve 
the GFI issue.  She is insisting that we make a final decision once you turn in your 
evaluation. 
 Please respond with a memo to me, giving your recommendations on the 
course of action we should follow.  You know the CEO -- be sure that your 
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recommendations are fully supported and that they present a convincing 
argument!  Give the reasons for your choice of action. 
 She will also want to review confidentially the projected effect on your 
income as a result of the course of action which you recommend.  This 
information will be needed for auditing purposes; please prepare a financial 
breakdown which shows the derivation of your take-home pay. 
 
   Regards, Chief Engineer 

 
 
 

Technical Addendum 
 
 The circuit diagram for the existing Ground Fault Interrupter (GFI) is shown below in 
Figure 1.  It should be connected so that the incoming power lines are connected to the LINE 
terminals and the outgoing lines into the circuit to be protected are connected to the LOAD 
terminals.  When a ground fault occurs, the live and neutral currents cease to be equal in 
magnitude and opposite in direction since some current drains away to ground.  The detector coil 
senses the imbalance between the live and neutral currents, and triggers a detector circuit which 
trips a two-pole contactor and interrupts the flow of current.  The detector is normally set for a 5 
mA ground fault sensitivity.  A resistive circuit with a pushbutton switch which bypasses 5 mA 
across the detector coil is used to simulate a ground fault and test the operation of the GFI when 
the switch is depressed. 

 
Figure 1. The existing GFI 

 
 The GFI offers some versatility by having a main receptacle as part of the device.  Since this 
receptacle is on the LOAD side of the contactor, it is also protected from ground faults. 
 
 The GFI does not offer full protection if it is incorrectly installed.  In particular, if the LINE 
and LOAD connections are interchanged, the device will appear to operate correctly since it will 
trip the contactor when the test button is pushed.  However, the main receptacle will not be 
protected and a safety hazard exists if this receptacle is being used. 
 
 One method to improve the safety worthiness of the design is to connect a light across the 
circuit as shown in Figure 2.  If the light does not go out when the device is tested, it will imply 
that it is incorrectly installed and that the connections should be checked.  This improvement is 
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satisfactory, provided that the installer performs this test and responds appropriately if the light 
does not go out. 

 
Figure 2. Minor modification to the GFI 

 
 To overcome the weakness in safety precautions with the light, an extra contactor could be 
included in the device, as shown in Figure 3.  When a ground fault is detected, this arrangement 
will give “full protection,” irrespective of the LINE and LOAD connections. 
 

 
Figure 3. The GFI with Dual-Isolation Protection (major design modification) 

 
Hypothetical Accident Scenario and Background 

 
A. Victim 
 The victim was Dr. Bud Midas, a young and talented neurosurgeon.  He had just completed 
his residency, and had taken up practice in a medium-sized city.  He had married about six 
months before his death, and his wife was pregnant.  They had purchased their house shortly 
after they were married.  It was about 10 years old, and had an indoor swimming pool which was 
installed two years ago. 
 
B. Electrician 
 The electrician is a high school drop-out.  He is self-educated as an electrician.  He is self-
employed as a building remodeling contractor.  He does electrical work, but is not certified as 
such by any official body.  He has a wife and four children.  He has been taking GED classes at 
night, and has recently graduated.  He is now planning to take classes at the local community 
college if he can afford it.  His wife babysits in the home to earn extra money.  They own a small 
house with a large mortgage, and have difficulty meeting the payments.  They are proud that they 
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have never been on welfare.  He installs GFI devices from time to time.  He does not understand 
the operating principles behind the GFI and does not remember seeing any installation 
instructions.  Even if he did, it is clear that he would have trouble even reading them.  "You'd 
have to be an electrical engineer to read these." 
 
C. Engineer in Charge of Safety Products Division (You) 
 You have a B.S.E.E. from your school.  You have had no formal courses in electrical safety 
nor any formal courses in risk assessment, either as part of the B.S. degree or continuing 
education.  You were a designer of light dimmers before being assigned to head the GFI division.  
You are a member of IEEE, but not a Registered Professional Engineer. 
 
D. Company Executive - CEO 
 She is college educated, but has no scientific or technical training.  She has an M.B.A., and is 
very aggressive.  She rose to the top through marketing and sales, jobs at which she was a superb 
performer. 
 
E. The Installation Instructions 
 The instructions are packed with the GFI.  A typical set of instructions is provided as 
evidence at the trial discussed above.  They are very detailed, covering each of the several 
possible installation configurations that may be used.  They also contain a detailed test procedure 
for each case.  The booklet is 12 pages altogether, and is printed in very small type so that it will 
be small enough to fit in the box with the GFI.  Besides being so extensive, the instructions are 
poorly worded and ambiguous.  For instance, the test procedure states:  "Push the TEST button.  
The RESET button should pop out.  This should result in power being OFF at all outlets 
protected by the GFI.  If the GFI has an indicator light, this light should be ON when the circuit 
is complete." 
 
F. The Accident 
 The victim (Bud) was cleaning his swimming pool with an electric swimming pool vacuum.  
It was plugged into the main receptacle of a feed-through type GFI.  He pushed the test button of 
the GFI and the reset button popped out.  He reset it and proceeded with the job.  While cleaning 
the pool, he noticed some debris behind the ladder.  He could not maneuver the cleaning head 
behind the ladder from the pool deck, so he jumped into the water to get a better angle.  As he 
was angling the hose behind the ladder, he pulled too hard and tipped the vacuum over.  It fell 
into the water beside him and he was electrocuted. 
 The GFI did not protect him because it was not installed correctly.  The line and load 
terminals were reversed upon installation.  If the unit had an indicator light, it would stay lit 
when the test button was pushed, but he was ignorant about how to interpret the "push" test (i.e., 
he didn't know whether the light was to go out or stay on). 
 
 
Acknowledgment: This problem taken, with permission, from one developed by W.L. Cooley, 
P. Klinkhachorn, and R.L. McConnell who are with the Dept. of Electrical and Computer 
Engineering at West Virginia University, and N.T. Middleton who is with the Dept. of Electrical 
Engineering at the Colorado School of Mines. 
 


