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Size Effect on the Modulus of Rupture in Automotive Ceramic
Monolithic Substrate using Optimization and Response Surface Method

Seok-Heum Baek, Seok-Swoo Cho, Soon-Gi Shin and Won-Sik Joo

Key Wonrds: Size Effect(X]5=&3}), Modulus of Rupture(3}'2A|47), Ceramic Substrate(A]2H2] EA),
Response Surface Method(¥t-3- E B ), Desirability Function(T&x )

Abstract

Since the monolithic ceramic substrate was introduced for automotive catalytic converters, the
durability of the substrate has been a continuing requirement to reduce the emission gas of vehicle.
The substrate can occupy a volume as small as 82 cm’ and as large as 8200 cm’ to provide the
required substrate for catalytic activity. The long-term durability varies with the size of the substrate
from manufacture's point of view. Therefore This study presents that the response surface model using
central composite design can explain size effect on the modulus of rupture in a cordierite ceramic

monolithic substrate.
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Fig. 3 Pertinent parameters for computing specimen
strength during 4-point bend test
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Table 1 Experiment layout for axial MOR
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Table 2 The uncoded design variables and their levels

‘Z:EE;L 1 Level {2 Level | 3 Level {4 Level { 5 Level
b (cm) 1.5 4 6.5 9 11.5
t(cm)| 0.5 1.75 3 4.25 5.5
£ {(cm) 2 35 5 6.5 8
a (cm) 4 5.5 7 8.5 10
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Axial MOR (MPa)
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Fig. 4 Experiment results for axial MOR

Fig S Fracture pattern of axial MOR specimens

38F
| Exp.
-—— Regression
3t
]
o 30F
o
=
<
X 27|
Q
=
®
2
]
21} -
L -
18 Y SR IR S 1 1 1 1
[ 5 10 15 20 25 0 35 40

Cross section area of substrate As (cm’)

Fig. 6 Relation between cross section area of
substrate As and axial MOR using simple

regression
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Table 3 Analysis of variance for regression model

A7) - 724

Table 5 Analysis of variance’™ for regression model

Degree of | Sum of

Degree of| Sum of

Item Variance | F-ratio | P-value Item Variance| F-ratio | P-value
freedom | Squares freedom | Squares
Regression 14 1.6670 | 0.11907 | 4.35 | 0.003 Regression 10 1.6455(0.16455| 7.16 0
Linear 4 0.9893 | 0.24732| 9.03 | 0.001 Linear 4 0.9893 | 0.05445 | 2.37 | 0.087
Square 4 0.3834]0.09586| 3.5 | 0.031 Square 2 0.3644 | 0.18219| 7.93 | 0.003
Interaction 6 0.2942]0.04904 | 1.79 | 0.164 Interaction 4 0.291810.07295} 3.17 | 0.036

Residual error 16 0.4381 [ 0.02738

Residual error 20 0.4596 | 0.02298

Lack-of-Fit 10 0.2818) 0.02818( 1.08 | 0.483

Lack-of-Fit 14 0.3033]0.02166 | 0.83 | 0.639

Pure error 6 0.1563 | 0.02605

Pure error 6 0.1563 | 0.02605

Total 30 2.1051

Total 30 2.1051

Table 4 Analysis of variance for axial MOR

Table 6 Analysis of variance’™ for axial MOR

Variable | Dimension | DOF | Variance | F-ratio Effectlve
ratio(%)
b 1 1 0.09983 3.65 11.7
2 1 0.04126 1.51 4.8
) 1 1 0.02061 0.75 24
2 1 0.34382 | 12.56 40.3
. 1 1 0.02383 0.87 2.8
¢ 2 1 0.00248 0.09 0.3
1 1 0.01257 0.46 1.5
“ 2 1 | 0.01507] 055 1.8
bt 1 1 { 000242 0.09 0.3
bie 1 1 0.11648 425 13.6
ba 1 1 0.00002 0 0
td 1 1 0.05761 2.1 6.7
ta 1 1 0.06006 2.19 7
fa 1 1 0.05766 2.11 6.8
Error 16 | 0.02738
Total 30 31.18 100
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Variable | Dimension | DOF | Variance | F-ratio Eff'ecnve
ratio( %)
b 1 1 10.17866 7.30 19.6
2 1 |0.04126 1.69 4.5
. 1 1 }0.01820 0.74 2
2 1 1034382 | 14.05 37.8
1 1 |0.02383 0.97 2.6
£ 2 0 |0.00248 0 0
1 1 {0.01352 0.55 1.5
@ 2 0 |001507 | 0 0
b /¢ 1 1 |0.11648 4.76 12.8
t¢ 1 1 {0.05761 2.35 6.3
ta 1 1 | 0.06006 2.45 6.6
La 1 1 |0.05766 2.36 6.3
Error 20 |0.02447
Total 30 37.22 100
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Fig. 7 Main effect for axial MOR

Axial MOR (MPa)
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Table 7 Optimal specimen size and axial MOR by
response surface optimization

Axial
v s
b |t | 2] a Volume MOR Desirability

{cm) | {cm) | (cmy { {cm) (e function

(MPa)

Goals

Minimize [11.5] 4.9 | 2.0 | 10 |1239.7} 1.634 0.97

Maximize{ 1.5 05120 10 ¢ 165 | 3.857 ) 098
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