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Factors R(cm)  H(mm)   W(cm) 

Level–1 2 10 10 

Level  0 4 15 15 

Level+1 6 20 20 

( )

𝑁 = 2𝐾 + 2. 𝐾 + 𝑛0                                                                      (1)

𝑁 = 23 + 2.3 + 3 = 17     (n0 = 3 )                                        (2)



Experiments No 
Factors 

𝐔𝐂 (kV) 
R(cm) H(mm) W(cm) 

1 -1 -1 -1 61,21 

2 -1 1 -1 58,69 

3 -1 -1 1 58,65 

4 -1 1 1 54,45 

5 1 -1 -1 68,22 

6 1 1 -1 66,25 

7 1 -1 1 66,78 

8 1 1 1 63,32 

9 0 -1 0 63,32 

10 0 1 0 61,82 

11 0 0 1 61,98 

12 0 0 1 64,38 

13 -1 0 0 60,56 

14 1 0 0 67,72 

15 0 0 0 63,25 

16 0 0 0 63,22 

17 0 0 0 63,18 

𝑏 = (𝑋𝑡𝑋)−1𝑋𝑡𝑦                                                                                         

𝑏 =
(𝐾 + 2)!

𝑘! 2!
⇒ 𝑏 =

(3 + 2)!

3! 2!
= 10                                                           (4)

𝑦 = 𝑏0 + ∑ 𝑏𝑖 . 𝑋𝑖

3

𝑖=1

+ ∑ 𝑏𝑖𝑖 . 𝑋𝑖
2

3

𝑖=1

∑ [ ∑ 𝑏𝑖𝑗

3

𝑗=𝑖+1

. 𝑋𝑖 . 𝑋𝑗]

2

𝑖=1

                      (5)

𝑦 = 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 + 𝑏3𝑥3 + 𝑏11𝑥1
2 + 𝑏22  + 𝑏33𝑥3

2 + 𝑏12𝑥12 + 𝑏13𝑥13 + 𝑏23𝑥23(6) 

 

Response Breakdown voltage 𝐔𝐜 (kV) 

Experimental design domain 

Constant 63.7911 

R 3.873 

H -1.365 

W -1.28855 

R.H 0.16125 

R.W 0.30375 

H.W -0.39625 

R2 -0.08189 

H2 -1.65189 

W2 0.24666 

 



𝑈𝐶 = 63,7911 + 3,873. 𝑅 − 1,365. 𝐻 −  1,28855. 𝑊 + 0,1612. 𝑅. 𝐻 + 0,30375. 𝑅. 𝑊 −

 0,39625. 𝐻. 𝑊 − 0,08189. 𝑅2 − 0,08189. 𝐻2 +  0,24666. 𝑊2

 

𝑆TCE(Uc) = SCEL + SCER =

𝑆CER(Uc) = ∑(Yi − yipr)2

17

i=1

= 6.34                                                        (9)

  SCEL(Uc) = ∑(Yipr − ymoy)2

17

i=1

= 191.54                                                        (10)

 Yi,ymoy

FSV =
SCEL

P−1 ⁄

S2

S2 =
1

N−P
∑ ei

2



ei
2 = (Yi − yipr)

2                                   
                                           

S, N, P and  ei
2

α

Fcrit = (α, dfM, dfR)

dfM

dfR

 

 

 

 

The regression analysis table can be used to calculate the coefficient of determinationR2, Rajus
2  

and Q2

R2 =
SCE L

STCE

𝑅𝑎𝑗𝑢𝑠
2 = 1 −

𝑆𝐶𝐸𝑅
𝑁−𝑃⁄

𝑆𝑇𝐶𝐸
𝑁−1⁄

𝑄2 = 1 −
𝑃𝑅𝐸𝑆𝑆

𝑆𝑇𝐶𝐸

𝑃𝑅𝐸𝑆𝑆 = ∑
(𝑌𝑖−𝑦𝑖𝑝𝑟)2

(1−ℎ𝑖)2
17
𝑖=1

hi

𝐑𝟐 𝐑𝐚𝐣𝐮𝐬
𝟐  𝐐𝟐 

0,96798 0,98386 0,986 

The Coefficients R2, Rajus
2  andQ2  are all over 0.9 (around unity), which indicates that the model is of high quality.  

N − P = 17 − 10 = 7with a risk of α = 5%   

ti > 2.37)
ti 

dfM



𝑡𝑖 =
|𝑏𝑖|

𝑆𝑖

ti 

= 2.37

 

𝑈𝐶 = 63,791 + 3,873. 𝑅 − 1,365. 𝐻  − 1,2885. 𝑊 − 1,6519. 𝐻2(20)

Lower limit: [bi − 1.96 ∗ 0.189] 
Higher limit: [bi + 1.96 ∗ 0.189] 

 







 

 

 



𝑦 = 𝑎0 + 𝑎1𝑥1 + 𝑎2𝑥2 + 𝑎11𝑥1
2 + 𝑎22𝑥2 

2 + 𝑎12𝑥2                          (21)

 

 

𝑦 = 194,67 + 42,50. 𝑥1 + 29,30. 𝑥2 + 8,32  . 𝑥1
2 − 0,91.   𝑥2 

2   + 7,50. 𝑥2(22) 

 

 

 

N 

Experiments 
y exp(kv) 

Ymod(kv) 
ei ei2 

1 140 137.78 2.22 4.9284 

2 210 207.78 2.22 4.9284 

3 180 181.38 -1.38 1.9044 

4 280 281.38 -1.38 1.9044 

N 

Experiments 
d= x1(cm) R=x2(cm) y exp(kv) 

Ymod(kv) 

1 -1 -1 140 137.78 

2 1 -1 210 207.78 

3 -1 1 180 181.38 

4 1 1 280 281.38 

5 -1 0 160 160.49 

6 1 0 245 245.49 

7 0 -1 160 164.46 

8 0 1 230 223.06 

9 0 0 195 194.67 

10 0 0 195 194.67 

11 0 0 195 194.67 

12 -1 -1 140 137.78 

13 1 -1 210 207.78 

14 -1 1 180 181.38 

15 1 1 280 281.38 

16 -1 0 160 160.49 

17 1 0 245 245.49 

18 0 -1 160 164.46 

19 0 1 230 223.06 

20 0 0 195 194.67 

21 0 0 195 194.67 

22 0 0 195 194.67 



5 160 160.49 -0.49 0.2401 

6 245 245.49 -0.49 0.2401 

7 160 164.46 -4.46 19.8916 

8 230 223.06 6.94 48.1636 

9 195 194.67 0.33 0.1089 

10 195 194.67 0.33 0.1089 

11 195 194.67 0.33 0.1089 

12 140 137.78 2.22 4.9284 

13 210 207.78 2.22 4.9284 

14 180 181.38 -1.38 1.9044 

15 280 281.38 -1.38 1.9044 

16 160 160.49 -0.49 0.2401 

17 245 245.49 -0.49 0.2401 

18 160 164.46 -4.46 19.8916 

19 230 223.06 6.94 48.1636 

20 195 194.67 0.33 0.1089 

21 195 194.67 0.33 0.1089 

22 195 194.67 0.33 0.1089 

 

𝑠2 =
1

22 − 6
. 165,07 = 10,32

𝑠𝑖
2 =

𝑠2

𝑛

𝑠𝑖
2 =

𝑠2

𝑛
=

10,32

22
= 0,47  

ϑ

ti

x1, x2  x1
2, x1x2

𝑦 = 194,67 + 42,50. 𝑥1 + 29,30. 𝑥2 + 8,32  . 𝑥1
2   + 7,50. 𝑥1𝑥2              (24)

Variable Effect 
Interval 

Lower bound Upper bound 

Constant  194.67 192.92 196.42 

𝑥1 42.5 40.75 44.25 

𝑥2 29.3 27.55 31.05 

𝑥1
2 8.3212 6.57 10.08 

𝑥1𝑥2  7.5 5.75 9.25 



Variable Effect 
Interval 

Lower bound Upper bound 

Constant  194.67 193.34 196.00 

𝑥1 42.5 41.17 43.83 

𝑥2 29.3 27.97 30.63 

𝑥1
2 8.3212 6.99 9.65 

𝑥1𝑥2  7.5 6.17 8.83 



a1a2

a11a12

 

Fig.12. Model fit graph 

 

Factors Effect t=2,12 Results 

Constant 194.6715 286.28 significant 

𝑥1 42.5 62.50 significant 

𝑥2 29.3 43.09 significant 

𝑥1
2 8.3212 12.24 significant 

𝑥2 
2 -0.9124 -1.34  not significant 

𝑥1𝑥2 7.5 11.03 significant 



 

 

ϑ ϑ

N0exp y exp y model Y moy SCEL SCER STCE 

1 140 138.69 199.09 3647.95 1.71 3491.75 

2 210 208.69 199.09 92.19 1.71 119.01 

3 180 182.29 199.09 282.18 5.26 364.47 

4 280 282.29 199.09 6922.52 5.26 6546.27 

5 160 160.49 199.09 1489.83 0.24 1528.11 

6 245 245.49 199.09 2153.12 0.24 2107.64 

7 160 165.37 199.09 1137.00 28.85 1528.11 

8 230 223.97 199.09 619.04 36.34 955.37 

9 195 194.67 199.09 19.53 0.11 16.74 

10 195 194.67 199.09 19.53 0.11 16.74 

11 195 194.67 199.09 19.53 0.11 16.74 

12 140 138.69 199.09 3647.95 1.71 3491.75 

13 210 208.69 199.09 92.19 1.71 119.01 

14 180 182.29 199.09 282.18 5.26 364.47 

15 280 282.29 199.09 6922.52 5.26 6546.27 

16 160 160.49 199.09 1489.83 0.24 1528.11 

17 245 245.49 199.09 2153.12 0.24 2107.64 

18 160 165.37 199.09 1137.00 28.85 1528.11 

19 230 223.97 199.09 619.04 36.34 955.37 

20 195 194.67 199.09 19.53 0.11 16.74 

21 195 194.67 199.09 19.53 0.11 16.74 

22 195 194.67 199.09 19.53 0.11 16.74 

Variation  
Sum of 

 squares 
DDL Average square F 

Connection SCEL p-1=4 8201.22 872.4702 

Residues  SCER n-p =17 9.40   

Total SCET n-1=21 1589.61    



𝑅2, 𝑅𝑎𝑗𝑠𝑢𝑡
2

𝑅2 = 0.983 

𝑅𝑎𝑗𝑠𝑢𝑡
2 = 0.994 

 :

𝑄2 = 0.999

 

TABLE I.  

 
 

• 

• 

• 

𝑅2, 𝑅𝑎𝑗𝑠𝑢𝑡
2

Centered composite planes 

R2 R2ajuste Q² 

0.9955 0.988 0.996 

Double centered composite planes 

R2 R2ajuste Q² 

0.983 0.994 0.999 
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