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(N1 RUDUCTION =

rhe classical methods of one—factor-at—a—time experimznt (keeping all

other remaining factors constant) reguires a large numbar of Lrial

involving time, energy, and money, yet the effect of interaﬁtinn'

between various facters are nob lbvought out clearly. In an ey Forel

to find optimum conditions with less number of experiments and to
secure amount of guantitative information about the system,

cztatistical or factorial desiun of euperiments has been devised,

A regression sguation is developods:

Yi=Ao+EAixi+EAiini2+ER1dMing
Yi?bu+§bixi+Xbiixi2+2bijnixj
where bo,bi,bij,bii are the best estimates(method of lowest squarcees

of regression coefficients fo,fi,0ij,01ii.

Efficiency of experimental investigation can be significanltly impro.vor
by use of euperimental design and data analysis bhased on statistica!

pranciples.

It is a mathematical method of drawing valid conclusion from a

series of tests made in a predetermined pattern. It is a standard
tool for the industrial experimenter as a chemical balance is for

laboratory experimenter.




yvery helpful for preliminary investigation/screening experimen!

f systems with several independen! variables. 1t effectively
determines which factors are impom ant so that these can then be
aore thoroughly investigatbted.
v Reduction in number of tests to be conducted(i.e. simultaneous
rathers than classical mwthod of varrying one by one)

Experiments are well organised.
¥ Regression coefficients in conjunckions with existing knowl edge
or prior information can give bhetter insight to the physical/
physicochemical phenomena occuring in the system and thus aid in
nuantifying the effects and interactions of various “actors.
 Amprovement in productivilby amd reliability of resulte.
lhie Teading to the shortest palh in oplimization of the variat-lo

Hhe process, suitable for industrial research( more informaticn

abt less cost and time)

FACTORIAL EXPERIMENTS :

By virtue of the literature already available or exuperience gained o,
similar systems, one decides about the various factors the range of
variation(+1 for upper level, -1 for lower level, ‘0’zero for bascr

level) in coded form for each factor- the range chosen preferably

being made narrow so that variation of the response variable i




.ggﬂﬁtted to be Tinear. While seleclhing the range of variation
of the facter, first the base lowel is5 gelectec around which one

wishes to vary the factor depending on prior information through

. jiterature or experience and then the interval or variation iz =el-
. - o . .
vimrd-2il pd
ci=roded values, z.j,z°%J are the & btual or natural values for i 1h

factor at any level, base level (1)
. AL 3, ;
Az j=the range =(zmax—zm1m/4 y ZisEmax+tzminy2

wi o= coded value, takes values like +1, -1, 1.414, -1.414 etc.

Once the regression equation Yi=(Yi) is found, it is decoded to givr
Lhe sguation in which the effect of actual factors are related to

response variables. (output)
Fere are various methods of finding regression rquations.

(I) YATES METHOLD:

Vesides giving the values of regression coefficients bybij, il givee

the additional informabion of 55 (Gum of Sguares), m.s{mean squares)

# Write the response in standard order {1,a,b,ab,c,ac,bc,abc?

in a column. ‘1’ denotes all factors are —ve: ‘a’ means faclor A

is a upper level (+1), all other factors being at lower level (1)




IO e

A

TN e T T

3 O”

and then substract these in pairs({values ol

s ahead/succeeding from one behind proceeding in the table Lo

form the next column.
g Continue similar operation one aller another or number of columny
prqual to the number of factors k. el the values in the last column

jast column be L.
Uﬂrl”
{72

i

Notual effect

K.
¥ Variance = 68 = 12/21., m.s = 55/df, 8§85 = sum of squares,

m.s5 = mean squares, df = degrees ol freedom.
variance)=LY2-cF ,cF(correction factor)

¥ Residuals = VT-IVi VT (Total
o

correction factor = (EY)2/2.
against row marked ‘17

Y= the value in the last column

WVi o= Bumof variance due to all individuals and interactions
a factor to be significant

# I ratio = m.s /m.s residual, for

it= F should be greater than F

nil=df corresponding to larger m.s

n2=df " " smaller estimate m.s (Uenominator)



FULL FACTORIAL DLOSTGEN 2 METHODS OF

STEEFEST
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yaTES METHOD:
YATES
2
1 2 3 itnlld) /8 V.Ratio= Plexeli@ oo
=h5ms , (df=1) ms/residual Voral i
i 95.69 144 .07 293.88 61%.97
a B88.38 147.81 322.09 104.83 1373.6b661 R43.4%5 a1 -
3 b &61.14 155.88 60.22 16.07 32.280612 i : "
L abh BB.67 166.21 44.61 -13.79 23.770512 16.33
"""""
H 615.97720.8% 723.08%«x
E c 64.63 32.69 5.74 28.2: P9 .4753512 68 .32 i 2 e
g ac 91.25 27.58 10.33 =15.61 30.459012 20.92
i b 74.11 26.62 =5 .16 4 .59 2.6335125 1.81
. abc g2.1  17.99 =H:683 =34 1.59051125 1.0
: add 255,57 359 .26 394.68 644 .84
ovendan.4  361.54 368.4 s e
615.,97720.8 723.08%%7346.8
Hnte: a=G, b=F, c=X significant

¥ A1l interactions and residuals pooled together to SB.34  aned
this is used as modified residual for calculalbion of
modified F = £ .54
1,4,p=.035

T




= iy)/N=0y) /8

& Z X
“bj 13.13 2 F.952

steps

T 20.08 2

biT 262.6 4
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X test:

Test run

or

1A taken as oplin

R=bho+blG1+bZF+hiEx

=76.99+ 13 13620,
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[NRINE=

it can be said with confidenon
represented by above linear eguation.

(BT 11

G2X

Rcalc

X=(Robs—-Rcalc) /ool

t 95,44
F1.64
H5 .38
6H5..38
B88.6
84.4
62 .54
58 .38
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& ¢ method:
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fridyi=(jy)={E-2(L-vel=()

i=({oy)=sum with all values +ve

Li-ve)= sum of all -ve values only

(jy)= the +ve & —-ve values in Jj th column{variable or factor)

multiplied with corresponding yi values % then summed together.

Enijga=(j) 2=N

it

bi=Erxijyi/Euij?2 = (Jy)/(j)2 {iy) /N
52bj=8e2/Exij2 = Se2/(j)2 = Ge2/N
Se? = L (yi - y )/n-1 = error mean square =

replicate observations (n) at base Tevel.

ti=lhj/Sbjlst table at p=.0%, df=n—1 ;.. to be a significant




| copfficient in regression equabtion.

cubacript) ] 1 2 v 13 13 e 123

(iy)or ()

hJ

colleck all significant coefficients to form a regression equalion

of “ylestimate)

Cy=hO+bh i ld . L L1 2xiu2y . ...
Sr?=i=1EN(yi2—-"vy) 2/ (N-1)= residual variance, 1= number of significani
coefficients

yi= observed, “y= calculated from regression equation.

F-Test: (test for adequacy of fit): The test is done for confirming
ﬁﬁpﬁoducibility of results. The purpose is to show that there
evints no significant variations frrom batch to batech at 5% confiden:

intervals due to personel or experimental errors.

F=Gr2/8e2 < F | fi=N-1, f2=n—-2, n= number of observations at

~

base level. ¢o ¥ ad vi{,e,ub(;e,ﬂy £ 4% a.d i ARer  Conv2if-e

e ) R aeafunalt nctfe
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Fyxample:

Facﬁaf céﬁé : i :.levels

upper base lower

T7.29%
2. 646

ZBentonite A
ZWater B

fest No. Xo A B (B Yy

+ " ! .11
+ o - fa _‘: |
3 + + - = 11.27
+ - - + 7.24

(jy) =34.93 7.83 -2.09 .23
N=4

(AY)= [£-2( —ve)l

= F4.93-2(K,31+7.24):= 7 HS
(BY)= 34.93-2(11.27+7.24)% —L.1%
(ARY)= 34.93-2(6.31+11.37)= -, 25

B @

(jy) 34.93

bi=(jy)/4 8.73 1.96 —@.52
- \/ / v/ S e ———
babi} where hi » jAhil

Test No. (&) E i)

3 b a 4] ? .64
£ b6 @ ] 7 .40
F i) i) A o
5] @ A ?.24
2 ] ] .55
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Shj¢= Be2/(j) 2= 8Be?/N=.02478/4

Se2 = ?"\ .= .02478
-io ‘

Sbj= .07871

In order that bjj is to be significant, tj=bj/8bhj>t tablép=.05
df=n-1=5-1= '
t table=2.78 at p=.0%5, df= n-1=5-1=4

bi>t table # Sbj

| ébj|= t table ¥ S bj =975 ™ 27871 = 2iKE

Ly‘> jAbjl
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CENTRAL COMFDSITE ROTATABLE DESIGHN (C C R IV

A second order Orthogonal design is not rotatable and as a conseqguuae
the errors in y at experimental points on the response surface may ho
smal ler than they are as determined from regression equation.

To make centre composilte rotatable , @ = 2 % or 2 (tﬂi%;and

n observations at base levels increased.

s before, in addition to 2 experiments, some more experimenls
are performed at *tu points at base levels.
STEFS:
¥ Find (Oy),; (1y), (2y),...,(12y),,,..,(fly),... uhere'ﬁlcurheépohdﬂ

H, where all # are +ve i.e +1

¥ (Lijy)= (Lly)+ (22y)

¥ Find a,, a,, Ays a”’..-.dfﬂ? lvom Table— 1
J

1 L ) :
¥ = - - E e e S rataia ixad Y R A fpom
Find b,,btJ JUJ 'SQ ’Jbﬂyfldh according to equation
b 5, 8, tAb=1LS,
L =al (0y)= &, £05jy) 5, = alf, Sb,  *bbo
________ e B e SR L
™ . 11’ - et ’
bj = adtoy) 8y, =adSe 8y + Dbj
= i
ikl Sy “atSE  Bhy ok by
bt =2
S - = y + ‘
bjj = aStidy)+ ab (Ljdy) By, =875 S Bbyj

~a2 . (Oy)

+ad(jdy)+L ; where L = a6£(ijy) -~ a2(0y), a constant.

V4 5 404t D s e 4ok e Sl . S e S 58 D S St B o St et i ol S bt M5 S o i o b e, g B Sl A G S et 44, et e i pes i s i st v bl i ot s e et e ok e
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b0 =AN [222 (k+2) (Oy) — 2XAC L(idy) 1 = al(0y) = a2z L{jjy)

-
b= CN (jy) = ald(jy)

d
~l -]
b, =AN C2(ijy) = ag (ijy) _
-" » - -
byj = AN LOK+IA —k) €2 (Jdy) + (1-A) C2E(Jjy) — 2AC (0y)]

= aglijy) + agdidy) — a,(0y)
Where A= [2?((k+2)}-4:]ij C= N/ Ix, 2
A= kin, + ny) /0 k+2In, 1 = EN/D(k+2)n, ]
k= number of independent variables,
n,= number of centre points
n,s number of peripheral points

M=n,+ n

5
No of No of pointa in the Total L value
Variable e et e ettt et e et
k: 20 Star (+/-L) Centre N - 2/ 4
1 factorial points (hase
i 2k lTevel)
| 2 4 4 5 13 1.414
q 8 6 6 20 1.602
g 4 T8 3 7 31 2.0
il 32 10 B 20 2.378
No.of - * al a2 ald a4 as ab gl
variable G
k
2 0.2 0.1 0.125 0.25% 0.125 0.01875 0.1430
3 0.146638 0.056791  0.073224 0.125 0.0623 0.006889 0,045
4 0.142857 0.035714 Q.0416467 0.0625 0.03125 0.00372 ©0.03%5
| i 0.0988 0.0191 0.0231 0.0312 0.0156 Q.0014 Q.017%
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Example:

Using the same example as was considered] earlier for 2k experiment

T

but in this te=1.414 was added, re=ulting in four more

expariments at base levels were conducted.

LEVELS
+1 @ —1 1w
1.414 -1.414
Hent. %1 8.707 8.0 7.243 9 7
Moist.n2 3.354 3.0 2.645 3.5 2.5

y ~1, @, +1.414, -1.414 denote levelsC(upper, lower,base, *w),o=1.414)

at which experiments were conducted.

Na. ) ul n2 ®12 yQ

1 + + + + .11

2 + - + = bH.3]

3 : + + - — 11.27 34.93

4 tr = = + 7 .20

3 + 1.414 @ 10,64

6 + -1.414 7] (i Pl 2

7 ;+ 4 1.414 7.5 .
8 . ‘;+ i} -1.414 8.82

9 * (7] @ ?.64

10 ‘+ ] )] 7.4 114.53
11 + (%] ] S 77.6

12 }+ 2 @ o

13 + a @ Q=53

(ay) (1y) (2y) (12v)
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oy iy 2y 11y 22y 12y

b
(%)

114.55 12.82 -4.55 &8.07 65,735 ~a

iiy)=134.8

bo=al(py) — a@i(iiy)= 20114590~ . 1134.8)= 9.426=bo
bi= af(iy)= 1Z250iy)= 123008000 = 1.6825 = bl
(-5 = - B6ETE= b2

bij= blZ=ad(ijy)=.26(-.25)=15/3= bi2

Eridme aS(iiy)+abE(iiy)-aZ(ay) - o
12591011y)+.0187(1734.8)—-.1(114.53)

LA2531(68.07)-8.93224 = J416685=b11

1251 (66.73)-8.95220=- 08451 7=

t p=05, y=2.776, 52 n-lio = stg or stes= Q247799

st bo=al sty=.2

stbi= aif s2y=.129

stbhij=al sty=.25 g2y I5? b_i=sbj

s2bijj= a7s?y=.1438 JA247799

Hobrtah

« 7EE9E7

LS55

0787061

SAEREFET
it

» 19545

« 154455

21685

1657

b bi b2 bil a2 b1 * o * bi

P43 1.6 T ~AG7 L —J0GT7 1954 -154

neglecting b's <t bi, ie. only bl

yg= 7.45 + 1.60x1— 57xE- 4221 59u22

* bij

<18
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“:summarY‘
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¥ Statistical Design of Experiment is an efficient method with
least number of experiments in a planned manner, one can find
out the predominant effect of certain variables (ui: & for
their interactions (xixj) which is not possible in classical
experiment.

¥ First build up Full/fractional factorial experiment to screen
out important variables & interaction by t—test (significanl
coefficients) & F-test (adequacy of fit)

¥ Use method of steepest ascent when first order coefficients are
significant.

¥ Otherwise continue some more tests at star points o and use
CCRD fuor 2nd order regression.
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