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Comparison of Factorial Designs with Center Point and
One-Factor-At-a-Time Experiments for Process Improvement

Hyejin Ju « Jai-Hyun Byun

Department of Industrial and Systems Engineering, Gyeongsang National University

To improve current operating conditions in manufacturing processes, One-Factor-At-a-Time(OFAT) experimental
method has been used conventionally. Instead of the OFAT experiments, factorial designs can be employed with the
current condition at the center point. In this paper, two-level factorial experiments with center point method are
proposed to improve current process conditions, and are compared with the OFAT experiments. The proposed method
is shown to perform much better than the OF AT method in terms of the number of experiments, experimental region
coverage, estimable effects, and design optimization criteria. The performances are illustrated with a case study

example.

Keywords: Design of Experiments, One-Factor-At-a-Time Experiment, Factorial Design, Center Point,
Experimental Coverage, Design Optimality Criteria
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Figure 2. Design Region for Two Factors
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(b) Factorial Design with Center Point

Figure 3. Design Region for Three Factors
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Figure 4. Coverage of Experimental Regions for Three Factors
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Figure 5. Design Optimality Comparison between CCD and
OFAT

Table 1. Comparison between CCD and OFAT

Number Number of y L
of Factors Method Experiments D A-Optimality
) CCD 13 0.5689 0.9877

OFAT 13 0.3217 1.6000
; CCD 20 0.6159 0.9691
OFAT 30 0.2559 1.4167
s CCD 31 0.7045 0.8244
OFAT 39 0.2021 1.7143
CCD 32 0.6594 1.1629
) OFAT 46 0.1694 2.2500
P EREEREE
B =0l Al Ak B OFAT AEWHE A A
A &3kl v w3str] Y3 Derringer and Suich(1980)9] Elo]of
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X,), F(Sulfur, X;)o1™, 2+ A9 F2 <Table 2>9F 21
AguolE & EAst] d& Z¥ A H5& Yehlle A%
2 PdAF LA AlFZ(Root Mean Squared Error; RMSE)
3 R (FAE ARAT)E AR OH, 4 As AR AL
A A (113 (12)0] YeHth o714 pe 584 234
&9of Jj4roltt,

Y. — A. 2
RMSE = 210 72 (11)
n=p
s _ . SSE/(n—p)
B =17 5577 (n=1) 12
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Table 2. Factors and Levels of the Tire Tread Compound

Experiment
Low Current High
Factors
Level Level Level
Hydrated Silica (X,) 0.7 1.2 1.7
Silane Coupling Agent (X,)|  40.0 50.0 60.0
Sulfur (X;) 1.8 2.3 2.8
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<Table 3 (a)>+ Derringer and Suich(1980) =< tlo]E 5

Table 4. One-Factor-At-a-Time Design Matrix and Hardness

A 24E 2} FYA vHE HolH 3 E o] Fo7 Data of the Tire Tread Compound Experiment
ot ]% A3 4%, 58 Eﬂr 9] P-3tol 0.009 2 mj-% = ~ = —
Ztol TE AWV} SlES AP wakA 4 67 ek TSA . - -
NE F7FSHE(<Table 3 (b)>), FATAAD S HADLe| - . . o1
Atk 207) A G elol Bl & BA el RMSEE /M 23 R2, 7} i g g ;gf
7V 2A dehd 42 (13)3 2t} 4 (13)] RMSESH R, & n 0 0 3
7}7} 1,137, 93.6%©] Tt ) 0 0 670
A 1 0 0 68.6
y= 68.725—1.410x, + 4.3202:, + 1.635z4 (13) 1 0 0 69.2
+1.57527—1.625x,, 1 0 0 70.2
0 -1 0 61.8
Table 3. Central Composite Design Matrix and Hardness Data 0 -1 0 63.4
of the Tire Tread Compound Experiment 0 -1 0 66.5
0 -1 0 64.8
X, X, X, Hardness 0 1 0 727
1 1 1 62.5 0 I 0 725
1 -1 -1 65.0 0 1 0 71.6
-1 1 -1 71.5 0 1 0 7.4
1 1 -1 70.0 0 0 -1 67.6
-1 -1 1 67.5 0 0 1 65.8
(@) 1 -1 ! 67.0 0 0 -1 67.2
-1 1 1 78.0 0 0 -1 68.1
1 1 1 74.5 0 0 1 70.5
0 0 0 68.5 0 0 1 70.5
0 0 0 68.0 0 0 1 68.4
0 0 0 68.0 0 0 1 71.7
-1.633 0 0 76.0 0 0 0 68.0
1.633 0 0 70.0 0 0 0 68.5
0 -1.633 0 63.0 0 0 0 68.0
0 1.633 0 75.0 0 0 0 70.0
(b) 0 0 -1.633 65.0 0 0 0 69.0
0 0 1.633 71.0 0 0 0 70.0
0 0 0 70.0
0 0 0 69.0 232 A5 vl AIE <Table 5> Aelstd=d, T4
0 0 0 70.0 A F7F QA A sk °] 4% RS F7het
of FAFEAGLR BHE Aol o 5t S
OFATE #&37] gato] AR Addolge 4 (13)e & At

o] Eﬁé*ﬁu RMSE 22 o83t Mo,1.137%) oAl A3}
A ARE eAE Frlete] e, Fox'] HHE HlolE =
<Table 3>9] 67} Ho|E}E It 2 o] $-3}3ith AL} vt
SH FhE <Table 4> UEtWT 307} Ho|E1E E4 3o
RMSESH r2, HIRO.2 T4 R4 & 4 (14)9 2.

Table 5. Model Performance Comparison between CCD and
OFAT Experiments of the Tire Tread Compound

+ 1.24727

y= 68.585— 1.077z, + 4.100z, + 1.564z,

(14)

Experiment
CCD OFAT
RMSE 1.137 1.186
R, 0.936 0.802
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