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INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR 
Department of Industria! Engineering and Management 

Mid Spring Semester Examination, 2013 
Subject No: IM31002/61004 Subject Name: Quality Engineering 
Full Marks: 60 Time: 2 Hours 
Number of Students appearing in the Examination: 73 

lns~ructions: Attempt all questions. All questions carry equal marks. Answers should be 
short and to the point. Statistical Tables should be used wherever needed. 

1. Two machines are used for filling plastic bottles with a net volume of 16.0 

ounces. The filling processes can be assumed to be normal, with standard 

deviation of o1 = 0.015 and o2 = 0.018. The quality engineering department 

suspects that both machines fill to the same net volume, whether or not this 

volume is 16.0 ounces. An experiment is performed by taking a random sample 

from the output of each machine. 

Machine 1 Machine 2 
16.03 16.01 16.02 16.03 
16.04 15.96 15.97 16.04 
16.05 15.98 15.96 16.02 

16.05 16.02 16.01 16.01 
16.02 15.99 15.99 16.00 

(a) State the hypotheses that should be tested in this experiment. 

(b) Test the hypotheses you formulated in part (a). What are your conclusions? 

Use a= 0.05. 

(c) Find the P-value for this test. 

(d) Find a 95 percent confidence interval on the difference in the mean fill 

volume for the two machines. [2+5+3+5] 

2. A pharmaceutical manufacturer wants to investigate the bioactivity of a new 

drug. A completely randomized single-factor experiment was conducted with 

three dosage levels, and the following results were obtained. 

Dosage Observations 

20g 24 28 37 30 
30g 37 44 31 35 
40g 42 47 52 38 

(a) Is there evidence to indicate that dosage level affects bioactivity? Use a = 
0.05. 



-

3. Consider the hardness testing (Rockwell C-scale) experiment data shown below. 

(a) 

(b) 

Coupon (Blocks) 
Tip 1 2 
1 9.3 9.4 
2 9.4. 9.3 

3 9.2 9.4 
4 9.7 9.6 

Analyze the data from this experiment. 

Analyze the residuals from this experiment. 

3 
9.6 
9.8 
9.5 
10.0 

4 
10.0 
9.9 
9.7 

10.2 

[10+5=15] 

4. The yield of a chemical process is related to the concentration of the reactant 

and the operating temperature. An expe.riment ·has been conducted with the 

following results. 

Yield Concentration Tem12erature 
81 1.00 150 
89 1.00 180 
83 2.00 150 
91 2.00 180 
79 1.00 150 
87 1.00 180 
84 2.00 150 
90 2.00 180 

Suppose we write our model in terms of the "usual" coded variables as below. 

x1 = (Concentration- 1.50)/0.50; x2 =(Temperature- 165)/15. 

(a) Obtain a regression equation for yield (y) in terms of X1 and x2 coded above. 

(b) Check model adequacy and test the parameters. [10+5=15] 
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