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MASTER OF ENGINEERING IN MECHANICAL ENGINEERING EXAMINATION, 2025
(1ST Semester)
DESIGN OF EXPERIMENTS

Time: Three hours i Full Marks: 100

Answer any FIVE questions

1. (a) Describe in your own words the areas where statistical methods are used.
(b) An investigation was conducted on a Ithe to determine if the spindle speed affected the
surface finish. Eight material blanks were cut at a spindle speed of 500 rpm. The surface

finish of each piece cut was measured on a profilometer and surface finish measurements

are shown below:

SI No Surface Finish
1 21.8
2 23.1
3 20.4

4 Speed (500 RPM) [ 21.5
5
6
7
8

0 22.3
214
20.9
21.3

Develop the BOX PLOT.
Calculate the mean and standard deviation. [5+15]

2. (a) List five major attributes of a good experiment. Explain briefly why each attribute is

important. v
(b) Define: Experiment, Factor, Response, Experimental design, experimental error.
[(5+5)+(2X5)]

3. Some engineers performed a 2° experiment to determine the effects of a machine setting
on injection molding machine upon the weight of injection molded parts. The machine
setting of factors they studied were Holding Time (- = 10 Sec., + = 20 Sec), Holding
Pressure (- = 4 psi, += 28 psi) and Injection Speed (- =4, + = 80). The data is listed below:
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(a)Calculate mean and variance of the replicate responses for each run.
(b)Calculate the main effects, two-way interaction effects and the three-way interaction
effects. '

(c) With the help of t-statistic at the 95% confidence level, test for significance of factors

and interactions. [5+10+5]

A manufacturer of paper used for making grocery bags is interested in improving the
tensile strength of the product. Product engineering thinks that tensile strength is a functiqn
of the hardwood concentration in the pulp and that the range of hardwood concentrations
of practical interest is between 5 and 20%. A team of engineers responsible f‘or the study
decides to investigate four levels of hardwood concentration: 5%, 10%, 15%, and 20%.
They decide to make up six test specimens at each concentration )evel, using a pilot plant.

All 24 specimens are tested on a laboratory tensile tester, in random order. The data from

this experiment are shown in Table.

Table: Tensile Strength of Paper (psi)
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- Test whether hardwood concentration in the pulp is significant or not at 1% level of

significance. The F-Table is attached for your ready reference. [20]

5. An experiment is conducted to find out the relation between the purity of oxygen
produced in a chemical distillation process, and the percentage of hydrocarbons that are
present in the main condenser of the distillation unit. In the Table(, y is the purity of
oxygen produced in a chemical distillation process, and x is the percentage of

hydrocarbons that are presenf in the main condenser of the distillation unit.

(a) With the help of a suitable statistical diagram, comment on the pattern of the process.
(b) Develop the relationship between x and y with mathematical proof.
[5+15]

6. (a) What is Orthogonal Array? What do you mean by ‘Orthogonality’?
(b) What do you mean by Standardizing a Normal Random Variable? |
(c) The diameter of a shaft in an optical storage drive is normally distributed with mean
0.2508 inch and standard deviation 0.0005 inch. The specifications on the shaft are
0.2500 £0.0015 inch. What proportion of shafts conforms to specifications? (Refer
The Normal Distribution Table)
" (d) What do you mean by. Type I error? Explain with an example. [(2+3)+5+5+5]

7. Write short note on any two: | [10X2]
(a) Screening design
(b) Hypothesis testing
(c) Normal Probability Plot
(d) Need and scope of experimental design
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Cumulative Standard Normal Distribution
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