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Instruction: This question paper consists of three parts. Part A is compulsory and comprises
twenty short answer type questions, each carryving one mark. In Part B, candidates are
required to answer any twelve questions out of fourteen, with euch question carrying five
marks. Part C contains numerical questions; candidates must answer any one question out of
two. F-Table is available on the last page of this question

Part -A

(Answers all questions in Part-A, each question carries one mark. Anwer should be maximum
one line)

1) How many factors are there in a 2¥~2fractional factorial design?
i) Explain the purposc of including a center point in an experimental design.
111) What is the total number of runs in a 2¥~2fractional factorial design?
1v) In fractional factorial design “defining relation’ provides o
V) Identify the problem or flaw in the blocking factorial design given below
Treatment
Combination A B Block
1 -1 -1 |
a 1 -1 l
b -1 1 2
ab 1 1 2
Vi) In fractional factorial design, minimum number of runs is determined based
on .
vii)  Inan orthogonal factorial design, the ‘identity clement (/)’ includes only
sign.

viii)  The fraction of a full factorial design with / = +4BC usually called as

1X) In a fractional factorial design alias structure can be found from )

X) In a fractional factorial design, resolution indicates the degree to which the
effects are with each other.

xi) A 27/ fractional factorial design has been created with five factors 4, B, C, D

and E considering the generator as E=ACD. The resolution of the design will
be
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xii)  Plackett and Burman design can be used to run a 2*-factorial design. True/
False.

xiii) cannot be estimated in a nested design where factor B is
nested under A.

xiv) A Lg orthogonal array is used to estimate the main effects of factor A, B and
C, and interaction effects AB,AC and BC. Then number of
columns in the array will used for error estimation.

xv)  The Number of columns in a L;s OA is .

xvi)  The path of steepest ascent always passes through point.

xvil) The direction of steepest accent is to the fitted response.

xviii) In the method of steepest ascent, the presence of a significant quadratic term
indicates that we are near the .

xix)  The total number of nodes and connecting line in a linear graph associated
with L6 orthogonal array is equal to

xx) AL OA cannot estimate

Part-B

(Answer any 12 questions out of 14. Each question carries 5 marks)

1) An experiment was conducted using three factors, 4, B and C, each at two levels.
The experimental results of the unreplicated 23 factorial design in various treatment
combinations are given below:

(1) =5;a=4;,b=06;ab=3,c=1ac=2, bc=4, abc= 3
Sketch the AB interaction plot. (5]

2) Using the data provided in Question 1, calculate the main effect of factor A and C
151

3) Based on the experimental data given in Question 1, determine the constant
(intercept) of the fitted regression model."

4) An experiment involves three factors—A, B, and C—each at two levels. Only four
runs can be performed per day. Considering the day as a block, construct an
unreplicated full factorial design incorporating blocking.

(3]
5) In a 2*factorial design, temperature and pressure are considered as two factors.
The temperature levels are 60°C (low) and 80°C (high), while the pressure levels
are 20 kg (low) and 30 kg (high). Determine the coded values corresponding to the
actual conditions of temperature = 78°C and pressure = 28 kg.

(51



6) Explain the concept of blocking in a factorial design with a suitable real-life

example.
5]
7) Show the alias structures of factors A, B, C, D, and E in fractional factorial designs
of Resolutions /11, IV, and V. [5]
8) Explain the concept of partial confounding and illustrate it with a suitable
example of a factorial design.
5]

9) An experimenter plans to conduct an experiment with ten two-level factors (4, B,
C. D, E, F. G, H, I). The objective is to study all the main effects and the interaction
effects AD, AG, BC, AC, and BE. Sketch the required linear graph (RLG).
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10) An experimenter plans to conduct an experiment with four two-level factors A, B,
C. and D — using a 2%~ 'fractional factorial design with the generator B = ACD.
Show the primary fraction of this design.

5]

I1) Construct a 2°~fractional factorial design for five factors — 4, B, €, D, and £ —
using the gencrators D = ABand E = BC. Determine the resolution of the resulting
design. [5]

12) A manufacturing engincer is studying the dimensional variability of component
that is produced on two machines. Each machines have two spindles. Two
components are randomly selected from each spindle. The results are shown below.
Determine the interaction effect between machine and spindle.

Machine-1 Machine-2
Spindle 1 2 1 2
2 1 2 0
1 0 1 2

5]

13) In an experimental investigation involving five two-level factors (4. B, C. D, E),
it is required to study the main effects as well as the interactions 4 xB, and 4 xE.
Using the given linear graph for the Ly orthogonal array, allocate the factors and
the specified interactions appropriately on the column of the array.

6

1 @ 4 (5]
3
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14) The sums of two replicates from a 2*factorial experiment are given below. Draw
the interaction plot for the factors 4 and B (48 interaction).

Treatment Sum of three
combination replication (I+11)
(1) 7
a 10
b 11
ab 14
& 12
ac 11
bc 16
abc 12
(5]
Part-C

(Answer any one question from Questions 15 and 16.)

I5) An experiment was conducted in a chemical plant to improve yield. Three factors.
each at two levels, were studied. The factors and their levels are as follows:
A: Pressure (15 kg, 25kg )
B: Reaction time (60 s, 80 s)
C: Temperature (40°C, 50°C)
A 23factorial experiment was conducted with two replications. The observed
responses for each treatment combination are given below:

(1)=21; a=6,7,; b=12;c=56;: ab=6,8: ac = 3.4 bc= 8,9, abc =21
a) Sketch main cffects and two factor interaction plots.

b) Determine the optimum operating conditions based on the above plots.
[10+10]



16) To improve the process yicld, five two-level factors — A, B, C, D, E, in a
manufacturing process for an intcgrated circuit were investigated. The
experimenter is interested in estimating the main cffects and the interactions: AC,
BC., , and DE.

(a) Allocate the main effects and specified interactions to an Lie orthogonal array
by suitably modifying the standard linear graph (SLG) provided below.

12

2 10 8 4 5
Fig: Standard Linear graph for L16 OA

b) Calculate main effects and required interaction effects if the unreplicated
responses corresponding to the 16 runs of the Lie orthogonal array are as follows:

2.3.812,6,4, 14,18 6, 1,4, 10,11, 14, 16, 12.

Table: LL16 Orthogonal Array

No.J 1 2 3 4 5 6 7 R 9 10 11 12 13 14 135
[ 3 3 1 1 1 1 1 3 i 1 H 1 1 1
211 i 1 1 1 1 i 2 4 2 2 2 2 2 2
311 1 1 b 2 2 2 1 1 ] 1 2 2 2 2
111 1 ) 2 2 i 2 2 2 2 4 1 3 1 1
511 Z L 1 1 2 o 1 1 2 Jod 1 1 2 2
6 1 k4 1 1 o b 2 2 M 1 2 2 1 1
Tl 01 4 2 2 2 1 i H 3 2 2 2 Z 1 1
w11 z 2 2 - 1 i 2 2 i 1 1 1 Z P
9l 2z i 2 1 2 1 2 i 2 jo4 1 2 1 <
|z i 1 s 1 2 K 2 1 2 1 2 1
tr| 2 1 2 2 1 : 2 H 4 2 1 2 1
121 2 1 2 2 1 2 H 2 B 2 1 1 2 1 2
3] 2 P 1 1 z 2 H 2 2 1 1 2 2 1
4] 2 Z 1 1 2 2 : 2 i 2 2 1 1 2
5] 2 Z 1 2 1 1 Z 2 2 1 2 1 1 2
1L Z 1 2 1 1 2 2 Z 1 2 2 1

[10+10]
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