
Time: 3 Hrs 

Question 1 

Department of Industrial Engineering and Management 

Indian Institute of Technology, Kharagpur 

Supplementary Examination 2012-13 

Facility Layout and Design (IM61026) 

ATTEMPT ALL QUESTIONS 

Full Mark: 50 

(a) Coffee shops are planned to be placed in an office building. The office tenants are located at P 1 (20, 70), 

P2 (30, 40), P3 (90, 30) and P4 (50,100). 100 persons per day are expected to visit the first office, 60 in 

the second office, 140 in the third office and 120 in the last office. 70% ofvisitors are expected to drop by 

the coffee shop. Each unit distance which a customer has to travel costs the owner of the coffee shops the 

loss of $0.25 in revenue. The daily operating cost of n shops is $5000n. Determine the number of coffee 

shop and their locations. 

(b) The points (a~, b1), (a2, b2), ••• , (a12, b12) are given by (0, 3), (2, 7), (3, 7), (3,10), (4, 7), (8,7), (9, 6), (8, 

5), (7, 6), (5, 6), (4, 3), and (2, 1), respectively. The boundary of a region S may be obtained by 

connecting points (a;, b;) and (ai+~, b;+1) with a straight line, fori= 1, 2, ... , 11, and by connecting points 

(a12, b12) and (ah b1) with a straight line. The region represents a region within a city that must be served 

by a fire station. Assuming that travel distance between any two points in the region is rectilinear, at what 

points can the fire station be located so as to minimize its maximum travel distance to any fire within the 

region? 

Question 2 

(a) A manufacturing concern has five departments (labeled A through E) located in a rectangular building as 

shown below. Assume ciJ = 1 for all i,j. 

From-to chart 

~~ 
A B c D E 

m Initial Layout 

A - 3 2 1 0 A A A B B B 

B 0 - 1 3 0 A A A c c c 
c 1 0 - 4 0 A A A c c c 
D 0 0 0 - 0 D D D E E E 

E 0 0 0 0 - D D D E E E 

(i). Using the CRAFT pair-wise exchange procedure, indicate all the department pairs CRAFT would 

consider exchanging in the above layout. 

(ii). Compute the estimated and actual costs of exchanging departments C and D. 

(b) A company manufactures different types of air conditioners. Five departments (A to E) are involved in 

the processing of the products. A summary of the processing sequences required for the five major 
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products and the weekly production volumes for the products are shown in the table below along with t 

department area. 

Department 
Process Weekly 

Product 
Sequence Production 

1 ABC 150 A 

2 ABED 200 B 

3 ACE 50 c 
4 ACBE 200 D 

5 ADE 250 E 

(i). Construct from-to chart based on the process sequence information. 

(ii). Construct a relationship diagram based on from-to chart obtained in part (i). 

(iii). Develop the final adjacency graph. 

Question 3 

Area (sq. ft.) 

1500 

1500 

1000 

2000 

2000 

The XYZ Company has six retail stores in Delhi. The company needs a new warehouse facility to service its retail 

stores. The location of the stores and the expected delivery per week from the warehouse to each store are: 

Retail Store Location (miles) Expected Deliveries per week 

1 (1, 0) 4 ~ 

2 (2, 5) 7 

3 (3, 8) 5 

4 (1, 6) 3 

5 (-5, -1) 8 

6 (-3, -3) 3 

Assume that travel within the city is rectilinear and that after each delivery the truck must return to the warehouse. 

(a) If there are no restrictions on the warehouse location, where should it be located? Also, find the minimum 

travel distance per week. 

(b) Write an equivalent linear programming problem of minimizing the total distance of movement in the x

direction. 

Question 4 

There are six cities (1--6) in a state. The state government is planning to build fire stations. The government 

wants to build the minimum number of fire stations needed to ensure that at least one fire station is within 1 5 

minutes (driving time) of each city. The times (in minutes) required to drive between the cities are shown in 

the table below. 
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To 

From City 1 City 2 City 3 City 4 City 5 City G 

City 1 0 10 20 30 30 20 
City 2 10 0 25 35 20 10 
City 3 20 25 0 15 30 20 
City 4 30 35 15 0 15 25 
City 5 30 20 30 15 0 14 
City 6 20 10 20 25 14 0 

(i) Formulate the· problem as set covering problem. 

(ii) Solve the problem using greedy heuristic. 

Question 5 

A small electrical appliance is to be produced in an assembly line. The work content of assembling the product 

has been reduced to the work elements listed in the following Table. The table also lists the time for each element 

and precedence order in which they must be performed. The line is to be balanced for an annual demand of 

100000 units. The line will operate 50 weeks/year, 5 shifts per week, and 7.5 hour per shift. Previous experience 

suggests that the uptime efficiency for the line will be 96%. 

Work element (i) Time in minute (t;) Immediate predecessor 

1 0.2 -
2 0.4 -
3 0.7 1 

4 0.1 1, 2 

5 0.3 2 

6 0.11 3 

7 0.32 3 

8 0.6 3, 4 

9 0.27 6, 7, 8 

10 0.38 5, 8 

11 0.5 9, 10 

12 0.12 11 

(i) Draw precedence diagram. 

(ii) Determine total work content and required hourly production rate to achieve the annual demand. 

(iii) What is the desired cycle time? 

(iv) What is the theoretical minimum number of stations? 

(v) Using the largest work-element time rule, find the assignment of work elements to each station in the line. 

(vi) What is the efficiency and balance delay of the line? 

*** 
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