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Industrial Experimentation

Date: 19.11.2025 Maximum Marks: 100 Duration: 3 Hours

Instruction: This question paper consists of three parts. Part A is compulsory and comprises
twenty short answer type questions, each carrying one mark. In Part B, candidates are
required to answer any twelve questions out of fourteen, with each 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)

How many generators are required to construct a 28~?fractional factorial
design?

Explain how the error term is estimated in an unreplicated factorial design.
In a 2k factorial design, what is the fundamental assumption about the
relationship between the response and the factor levels?

What information does the ‘defining relation’ provide in a fractional factorial
design?

Identify the problem or flaw in the blocking factorial design given below

Treatment
Combination A B Block
1 -1 -1 1
a 1 -1 2
b -1 2
ab 1 1 1

Determine the degrees of freedom associated with the two-factor interactions
in a factorial design consisting of two three-level factors and three two-level
factors.

In a factorial design, the ‘identity element ()’ represents
The fraction of a full factorial design with / = +4BC usually called as

In a fractional factorial design alias structure can be found from .
In a fractional factorial design, indicates the degree to which th
effects are confounded with each other.
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X11)

A 27 fractional factorial design has been created with five factors 4. B, C 1)
and £ considering the gencrator as BC=ACD. The resolution of the design will
be .

Plackett and Burman design can be used to run a 2-factorial design. True/
False.

X1i1) cannot be estimated in a nested design where factor B is

nested under A.

xiv) A Lg orthogonal array 1s used to estimate the main effects of factor A, Band C,

and interaction effects AC and BC. Then _number of columns in
the array will used for error estimation.

xv)  The Number of columns ina L;s (2! x 37) OAis .

xvi)  The path of steepest ascent always passes through point.
xvil) The direction of steepest accent is to the fitted response.
xviil) In steepest ascent the presence of term indicates that we

are near the optimum.

xix)  The total number of nodes and connecting line in a linear graph associated

XX)

D

2)

3)

4)

with L3, orthogonal array is equal to .
can not be estimated using a L;; OA.

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

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)=5a=4,b=6ab=3;c=1 ;ac=2, bc=4, abc= 3
Calculate the Mean Square (MS) of interaction 4B, (5]

Using the data provided in Question 1, determine the type of interaction between
factors A and C—whether it is strong, weak, or no interaction—by employing the
appropriate graphical method.

5]

Using the experimental data provided in Question 1, fit an appropriate regression
model and determine the constant (intercept) and the regression coefficients
corresponding to factors 4 and C. ’
(5]

In a 2%factorial design, temperature and pressure are considered as two factors.
The temperature levels are 62°C (low) and 82°C (high), while the pressure levels
are 12 kg (low) and 20 kg (high). Determine the coded values corresponding to the
actual conditions of temperature = 68°C and pressure = 15 kg.

{31
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13) In an cxperimental investigation involving nine two-ievel factors (4. 8. C. D. £,
F. G, H, and [), it is required to study the main effects as well as the interactions
AXB. AxD, AxE, BxD, and Dx£. Using the given lincar graph for the Lis
orthogonal array. allocate the factors and the specified interactions appropriately
on the column of the array.

(5]
14) The sums of three replicates from a 23 factorial experiment are given below.
Draw the interaction plot for the factors 4 and B (4B interaction).

Sum of three

Treatment replication
combination (11111
(1) 7
a 10
b 11
ab 14
c 12
ac 11
be 16
abc 12
[3]
Part-C

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

15) An experiment was conducted in a semiconductor fabrication plant to improve
yield. Three factors, each at two levels, were studied. The factors and their levels
are as follows:

A: Aperture setting (10, 20)

B: Development time (30 s, 40 s)

C: Etch time (14min, 16 min)
A 23factorial experiment was conducted with two replications. The observed
responses for each treatment combination are given below:

() =21; a=67; b=12;c=56; ab=6,8; ac=34; bc=89; abc =21

a) Assuming higher order interactions are insignificant, determine which factors
and interactions are statistically significant.
b) Based on the analysis, provide recommendations for the optimal process
operating conditions.
¢) Predict the yield at the optimum operating condition.
[10+5+5)
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16) To improve the process yield. seven two-level factors — A, B.C.D, E.Fand G
in a manufacturing process for an integrated circuit were investigated. The
experimenter is interested in estimating the main effects and the interactions: AC,
BC. DE, CG, and DF.

(a) Allocate the main cffects and specified interactions to an Ls orthogonal array
by suitably modifying the standard lincar graph (SLG) provided below.

2 10 8 4 5

Fig: Standard Linear graph for L16 OA

b) Treating all unassigned columns as error, identify the significant main effects
and interactions if the unreplicated responses corresponding to the 16 runs of the
Lis orthogonal array are as follows:

23,8 12,64, 14,18 ,6,1,4,10, 11, 14, 16, 12.

Table: L16 Orthogonal Array
Nalt 2 3

k]

11 1 t 1 1 1t 1 1 1 1 1 1 1 1
211 ¢ 1 1 1 t 1 2 2 2 2 2 2 2 2
a1 1+ &+ 2 2 2 2 1 1 1 1 2 2 2 2
41 + &+ 2 2 2 2 2 2 2 2 1 1 1 1
511 2 2 ¢ 1 2 2 1 1 2 2 1 1 2 2
6l1 2 2 1 1 2 2 2 ¢ 1t 1 2 2 1 1
211 2 2 2 2 1 1 1 1 2 2 2 2 1 1
gl1 2 2 2 2 1 1 2 2 1 1 1 1 2 2
sl2 1 2 1 2 t 2 1 2 1 2 1 2 1 2
wl2 1 =2 1 2 1 2 2 1 2 1 2 1 2 1
17l2 1 2 2 1 2 1 1 2 1 2 2 1 2 1
12/2 1 2 2 1 2 1 2 1 g2 1 1 2 1 2
i8l2 2 : i1 2 2 1 1 2 2 1 1 2 2 1
4l2 2 ¢+ 1 2 2 1 2 1 1 2 2 1 1 2
52 2 1 2 1 1 2 1 2 2 1 2 1 1 2
6l2 2 1 ¢ ¥ 1 2 2 1 t 2 1 2 2 1

[10+10]
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6)

7)

8)

9)

An experiment is to be conducted with four factors—A. B, C.and D—cach attwo
levels. However. only & runs can be performed in a single batch. Considering the
batch as a block, set up an unreplicated full factorial design accordingly.

5]

Why is a split-plot design preferred over a completely randomized factorial design
in certain experimental situations? Explain your answer with a suitable real-life
example.

(5]
Explain the concepts of Resolutions /17, IV, and ¥ in fractional factorial designs,
illustrating each with the alias structures for a design involving five factors — A4,
B, C D, and E. [5]

Explain the concept of partial confounding and illustrate it with a suitable
example of a factorial design.

(]

An experimenter plans to conduct an experiment with ten two-level factors (4, B,
C D, E FE G, H, I and J). The objective is to study all the main effects and the
interaction effects AD, AG, GH, DC, BC, AC, and BE. Determine the minimum
number of experimental runs required for this study and illustrate the
corresponding Required Linear Graph (RLG).

[2+3]

10) An experimenter plans to conduct an experiment with four two-level factors 4, B,

C. and D — using a 2%~ fractional factorial design with the gencrator B = ACD.
Show the complementary fraction of this design.

5]

11) Construct a 2°~2fractional factorial design for five factors— A4, B, C, D, and £ —

using the generators D = ABand E = AC. Determine the resolution of the resulting
design. 3]

12) A manufacturing engineer 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 contribution of variation by the machine and by the spindle.

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

5]
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Table V. Critical values for F-test for Alpha = 0.05

Humerator Degrees of Freedom
1 2 3 4 & &7 B g 1i
16145 10050 21671 22456 23018 23398 2877 23RAE 24054 24188
{BS{ 1900 1046 1925 1830 1333 1835 1937 1038 1840
1043 B855 828 4612 B0 B8 EED 8BS BH 87
771 B84 650 B3 828 BIE 608 B0 BOO
61 6579 541 519 B0 455 4BE  ABZ AT
598 518 476 451 438 42 431 45 AMD
558 474 435 412 397 3E 470 373 388
537 448 407 3B 368 AER 350 344 330
517 428 38 3B 348 337 28 323 3B
4% 430 M 34 343 52 3M A7 MR
480 385 358 33 32 AmM AM 285 280
yz 475 G5B9 348 3B R0 30 2# 285 280
11 467 3F 341 31 30 Im 8 217 M
W 480 374 3AM 311 186 285 276 270 265
1 450 368 328 36 2 Ime 371 24 258
6 448 3E3  3m 301 ZAS 274 286 288 IS
47 445 359 32 2E8 181 270 Z6) 255 240
48 441 355 316 283 7T 2188 256 251 248
9 43 3% 33 I8 274 2E3 28 248 242
0 435 549 310 287 271 280 251 245 1
432 347 30T M ZRE 25T 248 242 zar
w2 430 T4é 305 2B ZEE 255 Q4B 240 M
23 425 347 303 280 264 25 24 2W 232
24 426 340 30t 278 262 251 BA2 2% 23D
25 424 3W 288 276 160 248 240 2 2
% 423 33 2% 2F 25 247 2@ am
77 421 33 29 73 I5T 248 LW 251 23
58
=
k1)
by 2

of Frasdom
P e’ KD

Damsisrinstor Degros:

430 33 295 271 256 245 236 2| I
418 33 293 2M 255 243 235 228 222
417 a; 2% 26 28 24 23 27 M LN
agd 300 260 2F  z: 200 201 184 T8 WA
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