
Department of Industrial Engineering and Management, liT Kharagpur 
End Autumn Semester Examination, September 2011 

Sub: Engineering Systems Safety Design and Control (Sub No. IM60045) 
Time: 3 hours Max Marks: 100 

Answers should be brief and to the point. Statistical tables, if required, will be provided. 
Strictly follow_ the instructions given against each part of the question paper. 

Part A: Multiple Choice Questions [Answer all questions.] 
[Answers should be written in one lace of the answer scri 

Question No. 
Answer (only alphabet e.g., a orb or cord or combination) 

1. Which of the following does best define safety? 
a. Degree of freedom from danger 

or harm 
b. Absence of accidents 

2. Which of the following does best define hazard? 
a. Risk associated with an 

operation or task 
b. A mishap that may lead to loss 

3. Chernobyl catastrophe is related to 

10 X 1 = 10 

c. Hazard free operations 
d. Loss due to accidents 

c. Something having potential to 
cause harm 

d. Something that can't be avoided 
in industry 

a. Emergency core cooling c. Release of radioactive particles 
b. Explosion d. All the above 

4. A hazard occurs according to exponential inter-occurrence times. Its hazard function is 
a. Constant c. Decreasing 
b. Increasing d. A mix of the above three 

5. Fault tree and event tree analysis uses 
a. Inductive and deductive logics, 

respectively 
b. Both inductive and deductive 

logics 

c. Deductive and inductive logics, 
respectively 

d. Only deductive logic 

6. If X be the number of fatalities on port in I 0 years and follows Poisson distribution with fl=3, 
P(X ~ 2) is 

a. 0.423 
b. 0.356 

7. The inhibitor arc in Petri nets (PN) is used 
a. To represent preconditions 

when there is no token in the 
input place 

b. To enable transition when there 
is no token in the input place 

8. ALARP is used 
a. To prioritize accident scenarios 

in terms of risk 
b. To monitor accident scenarios 

in terms of risk 

c. 0.235 
d. 0.332' \ 

' 
\ 

c. To represent a safe net 

d. To prohibit transition when 
there is no token in the input 
place 

c. To determine acceptability of 
accident scenarios in terms of 
risk 

d. All the above 
9. Which of the following is NOT a component of a hazard triangle 

a. Hazard element c. Targets 
b. Initiating mechanisms d. Risk 



10. Which ofthe following is NOT a part ofSFD 
a. Design principles c. Design solutions 
b. Entropic risk d. Hazards 

Part B: Short Questions [Answer all questions. Answers should be written in one place.] 5 x 8 = 40 

I. What is HAZOP? How is it different from PHA? Define NODE in a HAZOP study. What factors 
do govern the selection of nodes? [2+3+1+2] 

2. Define individual and societal risk. Explain with an example how F-N curve is used to quantify 
societal risk. ,[2x2+4] 

3. Define event tree in respect to the development of accident scenarios. Propose a framework for 
risk-based resource allocation using the event tree developed. [ 4+4] 

4. What is axiomatic design? Explain uncoupled, decoupled and coupled design. Show that in 
decoupled and co.upled designs, the information content is path dependent. [2+2+4] 

5. Explain energy c6~trol model and document the principles of hazard control. [4+4) 

Part C: Problems [Answer all questions. Answers should be written in one place.] 5 x10 =50 

1. A cooling fan assembly can fail due to (al) fan vibration, (a2) motor burnout, (a3) misassembly, 
and (a4) wire in wrong location. The traditional FMEA results into the following data (using 10-
point qualitative scale): 

Failure Modes (FM) Severity (S) Occurrence (O) Detectability (D) Risk Priority Number (RPN} 
a1 5 5 4 100 

-----l 
a2 5 2 5 so 

-----l 
a3 7 2 3 42 

-----l 
a4 6 6 3 108 

-------' 

.,.. Compute risk priority code (RPC) when (i) I(S) == I(O) = I(D) = L1o; (ii) I(S) = L1o. I(O) = Ls, and 
I(D) = L6, and (iii) I(S) = L1,I(O) = L5, and I(D) = L10• Comment on the results. [10] 

2. What is risk distribution? Let the probability of occurrence (P) of an accident scenario is Poisson 
distributed and consequence (C) follows beta distribution. Explain with a numerical example how 
Monte Carlo Simulation can be used in quantifying 95% risk interval for the accident scenario. 
Hint: Use three random numbers for P and C. [10] 

3. a) Professor X walks across three roads every morning on his way to work in the department. In 
the evening, he walks across the same three roads when he returns to his quarter. Every time 
when he walks across one of the roads, he is subjected to the chance of being hit by a car by 
roughly Sxi0-8

• He goes to work approximately 300 days every year. What is the probability 
that Professor X will be hit by a car at least once during 20 years? [5] 

b) Develop accident scenarios (AS) for (a). Assume that the car drivers are honest and sensitive 
and the institution has a good hospital within the campus. Develop risk profile of the AS. [5] 

4. A robotic manufacturing cell comprises two machines Ml and M2, two robots Rl and R2 and a 
common workplace (buffer) with a limited space. The sequence of operations are (i) Ml produces 
semi-products, (ii) Rl picks up semi-products from Ml and places them into the buffer, and (iii) 
R2 transfers semi-products from buffer to M2. Develop Petri nets (PN) for the manufacturing cell 
and obtain reachability tree. Also find out hazardous situations and set rules for the robot 
operations. [7+3] 

5. a) A manual trolley ( 4-wheel) ,is often used in material handling in shop floor (e.g., at storage). 
Identify FRs and DPs. Develop alternate design solutions (DS) that satisfy safety and comfort 
of the operators. 

b) Let there are three alternatives (DSs) developed by you. You want to select the best one. The 
criteria chosen for evaluation are reliability, maintainability, and cost. Use AHP and identify 
the best DS amongst the three. Hint: for pair-wise comparison use 3 point scale (1, 3 and 7 and 
vice versa). [5+5] 
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