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INDIAN INSTITUTE OF TECHNOLOGY~, KHARAGPUR 
Department of Industrial Engineering and Management 

End Autumn Semester Examination, 2012 
Third Year B.Tech.(II)/Dual Degree in 1M and EX 

Subject Number: IM31005 Subject Name: Quality Design and Control 
Full Marks: 100 Time: 3 Hours 
Date, Time, and Venue of Examination: 20.11.2012, 14.00-17.00, S-301/NR-222 
Number of Students Appearing in the Examination: 60 
Instructions : 1. Attempt QuestioQ No. 8 and any five from the rest. 

2. Maximum marks are shown against each question. 
3. Answers should be short, and to the point. 
4. Statistical tables are attached. They may be used wherever required. 

Q.1 (a) Compare and contrast single and double sampling plans under variables 
category. (4) 

(b) State three industrial situations where sampling inspection is a must. What is 
the major advantage of attributes sampling plans? (3 + 1) 

(c) A sampling plan is desired to have a producer's risk of 0.05 at AQL =0.9%. 
and a consumer's risk of0.10 at LQL = 6.5% nonconforming. Find the single 
sampling plan that meets the customer's stipulation and comes as close as 
possible to meeting the producer's stipulation. (8) 

Q.2 (a) Define AQL and AOQL. State three situations where 'rectifying inspection' 
is an essential requirement. (2 + 3) 

(b) A manufacturing process requires its output to be 100% inspected. Why? It 
may adopt sampling inspection in course of time. Under what condition? For 
sustainability of such an inspection, what specific conditions need to be 
satisfied? (2 + 2 + 2) 

(c) Construct the OC curves for the following sampling plan 
N = 1000 n = 100 c = 2 (S) 

Q.3 (a) Construct the ATI curve for the sampling plan N=1200, n=50, c=l. (6) 

(b) For the sampling plan N=1500, n=150, c=3, construct the average outgoing 
quality curve. What is the AOQL? Interpret it. (7) 

(c) Define 'statistical tolerance limit'. What is a 'unit-by-unit' sampling plan? 
(1 +2) 

Q.4 (a) One property of the OC curve in acceptance sampling is that if the acceptance 
number is relatively small, the slope of the OC curve is relatively steep. Argue 
mathematically that this is true. (S) 
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(b) Determine nand k for a variable sampling plan that has PI= 0.01, P2 = 0.09, 
a= 0.01 and J3 = 0.05. The quality characteristic being measured is normally 
di~tributed and a is known. Derive any expressions that you may use for 
computation. (9) 

(c) Whatare.the parameters of a typical CSP? How is it indexed? (1 + 1) 

Q.5 (a) What are the main limitations of a variable sampling plan? What are the 
uses of variables sampling plans? If a is unknown, how do you determine 
values of such a plan controlling process average? (1 + 1 + 5) 

(b) Under what condition a chain sampling plan is recommended? A chain 
sampling plan is used with a sample size of 5 and· a parameter I of 3. If lots 
have a proportion nonconforming of 0.06, find the probability of accepting 
such lots. (1 +5) 

(c) Define 'inspection level' and 'inspection type' under Zl.4 standard. 
(1.5 + 1.5) 

Q.6 (a) Explain CSP-l with the help of a flow chart only. Why do you use CSP-T 
and CSP.:.V? What are their main limitation? (4 + 2 + 1) 

(b) Explain 'switching rules' under Zl.4 standard. (4) 

(c) Explain the procedure of constructing OC curve for (3+2) 

(i) Variables sampling plans that control the process average 
(ii) CSP-1 ""'· · ~ ~~¢'-"' 

Q.7 (a) Describe in briefthe concepts of'parameter design' and 'tolerance design' in 
Taguchi method. What is an 'adjustment factor' in this context? Cite two 
examples of 'robust' product. (3+ 2+ 1) 

(b) The mechanical component of a machine system has a specification on width 
of 25 ± 5 mm. Three suppliers of the mechanical component produced the 
results as shown in the following table. The replacement cost of the 
component is $ 50. Three suppliers had the following number of components 
out -of-spec (defectives) in deliveries of300,000 parts. 
A: 0.25%; B: 0.15%; C: 0.125% (4+6) 

Supplier Mean Width Variance Cpk 
q 

A 25 1.5 1.0 
B 23 0.5 1.0 

. c 22 0.2 1.0 

(i) Compare the three suppliers based on loss function 
(ii) Compare the three suppliers based on the cost of defective units. 
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Q.S (a) Compare the quality levels of two metals, Ml and M2 that cost $100 and 
$120 per unit weight respectively. The lower specification limit for tensile 
strength is 5N/m2• The out-of-specification units are discarded, resulting in a 
loss of $75 per unit. The annual production rate is 20000 units. Twenty units 
were tested for each type of metal, and the following data for the tensile 
strength were obtained (8) 

Metal Type Tensile Strenlrth N/m2 

M1 10.5, 7.8, 9.2, 15.5, 18.1, 17.5, 9.5, 12.5, 13.5, 14.8, 8.9, 11.2, 
9.5, 10.8, 11.3, 13.4, 14.5, 15.2, 11.9, 12.3 

M2 8.3, 10.3, 15.2, 14.1, 10.3, 8.7, 9.3, 14.1, 15.0, 11.2, 9.2, 8.8, 
9.8, 10.5, 11.5, 12.3, 13.1, 14.3, 15.1, 9.7 

(b) Briefly state the working and use of a Skip-lot sampling plan. (4) 

(c) How would you control the effect of noise variables on the performance of a 
product? State an integrated approach for the purpose. (5) 

(d) State three industrial situations where Taguchi method may not be 
recommended. (3) 
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