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ANNA U N I V E R S I T Y ( U N I V E R S I T Y D E P A R T M E N T S ) 

B . E . / B . T e c h / B. A r c h (Ful l T ime) - E N D S E M E S T E R EXAMINATIONS, N O V / D E C 2024 

I N D U S T R I A L E N G I N E E R I N G 
S e m e s t e r V I I 

IE7751 & D E S I G N O F E X P E R I M E N T S 

T ime : 3hrs 

(Regulat ion 2 0 1 5 ) 

P A R T - A (10 X 2 = 2 0 M a r k s ) 
(Answer all Questions) 

Max.Marks : 100 

Q. No Quest ion Mark 

1 Wha t is type 11 er ro r? 2 
2 Def ine the term "Fac to r " in exper imental des ign. 2 
3 Wha t is F i s h e r ' s L S D test used for? 2 
4 Mention one advan tage and one d isadvantage of Complete ly Randomized 

Des ign ( C R D ) . 
2 

5 W h a t is an interaction effect in a factorial des ign? 2 
6 How many exper imenta l runs are required for a two-factor full factorial design 

with 3 leve ls e a c h ? 
2 

7 N a m e s o m e commonly used des igns in R e s p o n s e Su r f ace Methods ( R S M ) 2 

8 Wha t is meant by partial confounding? 2 
9 S ta te the advan tages of Taguch i Method. 2 
10 Def ine Robus t Des ign . 2 

P A R T - B (5 x 13 = 6 5 M a r k s ) 
(Rest r ic t to a max imum of 2 subdiv is ions) 

Q. No Quest ion Mark 
1 1 ( a ) T h e tensi le strength (in M P a ) of two different types of mater ia ls, Material X and 

Material Y , is m e a s u r e d a s fol lows. T h e s a m p l e s w e r e se lec ted randomly. 

Material X : 520 , 5 3 0 , 525 , 540 , 535 , 510, 515 , 520 , 530 , 5 2 5 
Material Y : 510 , 5 0 5 , 512 , 520 , 525 , 530, 525 , 515 , 540 , 5 3 5 

A s s u m e that the tensi le strength follows a normal distribution and has equal 
va r i ances . T e s t the hypothesis that the mean tensi le strength of the two 
mater ia ls is the s a m e . U s e a = 0.05. 

13 

(OR) 
11 (b) (i) A study w a s conducted a y e a r back which c la ims that the high school students 

s p e n d on an ave rage 11 hours per w e e k on Internet. F rom a samp le of 100 
students studied recent ly found that they spend on ave rage 9 hours per w e e k 
on Internet with a s tandard deviat ion of 2.2 hours. 
(i) T e s t the hypo theses that the current s tudents spend l e s s than 11 hours on 
Internet U s e a = 0 .05 . 
(ii) Wha t is t h e p - v a l u e for the tes t? 
(iii) Determine the 9 5 % conf idence interval for the m e a n t ime. 

13 

1 



1 2 ( a ) A plant manage r wan t s to eva lua te the^^ffect of temperature (three leve ls : 50°C, 
60°C, 70°C) on the yield of a p rocess , t h e exper iment fol lows a Complete ly 
Randomized Des ign ( C R D ) . T h e cql lected data is provided below. 
Ana l yze the data a n d d raw conc lus ions. U s e a = 5 % . 

Tempera tu re 
CO 

Observat ion 
Tempera tu re 

CO 
1 . 2 3 4 5 

50 2 5 3 258 2 4 9 2 5 2 2 6 0 

60 2 5 5 257 2 5 3 257 2 6 4 

70 2 6 0 2 6 2 2 5 5 2 6 4 2 6 9 

13^ HF 

1 2 ( b ) A n oil company w a n t s to test the effect of four different b lends of gasol ine (A, B, 
C , D ) on fuel eff ic iency. T h e company has u s e d four c a r s for testing the four 
types of fuel . T o control the variabil ity due to the c a r s and the dr ivers, Lat in 
squa re des ign h a s been u s e d and the data col lected a re g iven in Tab le . A n a l y s e 
the data from the exper iment and draw conc lus ions. U s e a = 0 .05. 

Dr iver Oar Dr iver 
1 11 III IV 

1 D = 15.5 B = 33.9 0 = 13.2 A = 29 .1 
2 B = 16.3 0 = 26.6 A = 19.4 D = 22 .8 
3 0 = 10.8 A = 31.1 D = 17.1 B = 30 .3 
4 A = 14.7 D = 34.0 B = 19.7 0 = 21 .6 

13 

1 3 ( a ) A manufactur ing eng ineer conducted a study to eva lua te the effects of 
temperature (A) , p ressu re ( B ) , and material type (O) on the tensi le strength of a 
component. E a c h factor w a s studied at two leve ls , and two repl icat ions of the 

13 

Trea tment 
Combinat ion 

Tens i l e Strength Trea tment 
Combinat ion 

R l R 2 

. (1) 140 135 
a 160 155 
b 148 152 

ab 170 165 
c 145 150 

a c 175 170 
be 155 158 

a b c 180 185 

(OR) 

2. 



1 3 ^ ' I A two-factor factorial exper iment w a s used to study the effect of two factors A 
(3 leve ls ) and B (2 leve ls ) on the output of a p rocess . T h e da ta col lected from 
the. exper iment is g iven below. A n a l y z e the data and draw conc lus ions. U s e 
a = 5 % . 

13 

B 
A 

B 
1' ^ 2 3 

1 
54 106 84 

1 
62 128 102 

2 
46 84 8 5 

2 
29 9 3 9 5 

14 (a ) A study w a s conducted to determine the effect of S p e e d (A ) , F e e d ( B ) and Depth 
of Cut ( C ) on the milling p rocess . E a c h factor w a s studied at two leve ls . A s e a c h 
batch of raw mater ia l w a s just enough to test four t reatment combinat ions, e a c h 
repl icate of the 2^ des ign w a s run in two blocks. T h e two repl icates w e r e run and 
A B C confounded in both repl icates. T h e response total for e a c h trial is g iven in 
table. A n a l y z e the data . 

13 

Trea tment 0) a b ab c a c . be a b c 
R l -17 -10 2 8 -9 -7 13 3 
R 2 - 1 2 -11 3 8 -6 -9 9 5 

(OR) 
1 4 ( b ) T h e sur face f inish of a mach ined component is being studied. Four factors. 

S p e e d (A) , F e e d ( B ) , Depth of cut ( C ) and T y p e of coolant (D) a re studied e a c h 
at two leve ls . T h e coded data of the response (sur face roughness) is g iven in 
following T a b l e . 

13 

Trea tment R e s p o n s e 

(1) 3.1 

a 2 .3 

b 1.5 

ab 2.4 

c 7.2 

a c 4 .6 

be 6.4 

a b c 3.8 
S u p p o s e it w a s possib le to run a one-hal f fraction of the 2^ des ign. 
A n a l y z e the data. 



1 5 ( a ) A study w a s conducted involving three factors A , B and C , e a c h at three leve ls . 
T h e data is g iven in Tab le . A n a l y s e using A N O V A and identify optimal leve ls for 

he object ive is to minimize the r e s p o n s e . . 

E x . No 
Fac to r Resu l t 

E x . No 
A B 0 R i R2 

1 1 1 1 7 5 
2 1 2 2 5 6 
3 1 3 3 4 3 
4 2 1 2 4 2 
5 2 2 3 4 3 
6 2 3 1 3 2 
7 3 1 3 6 5 
8 3 2 1 4 3 
9 3 3 2 3 5 

(OR) 
1 5 ( b ) T h e data to be minimized, obtained from an exper imenta l study, a re presented 13 

Tr ia l 
no. 

Fac to r R e s p o n s e Tr ia l 
no. A B A B 0 A O R l R 2 

1 1 1 1 1 1 20 19 
2 1 1 1 2 2 2 2 2 4 
3 1 2 1 1 2 39 3 5 
4 1 2 1 2 1 2 7 26 
5 2 1 2 1 2 2 3 2 5 

. ,6 2 1 2 2 1 10 12 
7 2 2 2 1 1 8 7 
8 2 2 2 2 2 17 18 

Calcu la te the S / N ratio and ana l yse the data using response graph method 

P A R T - C ( 1 X 15 = 15 M a r k s ) 
(Q.No. 16 is Compulsory) 

Q. No Quest ion Mark 
16 A n exper imenter wan t s to study the effect of f ive main factors A , B, 0 , and D, 

e a c h at two leve ls , and the two-factor interactions A B , A C and A D . Des ign an 
Orthogonal A r ray ( O A ) exper iment with procedure. 

15 


