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Abstract Automotive three-way catalyst substrate has a cordierite ceramic honeycomb structure. The substrate in
the high engine speed range doesn't satisfy the design fatigue life due to the low mechanical properties of
cordierite ceramic. SiC ceramic has higher mechanical properties than cordierite ceramic. If the automotive
three-way catalyst substrate is made from the SiC ceramic honeycomb structure, the substrate can be prevented
from premature failure. In this study, the mechanical properties of SiC ceramic honeycomb substrate were
estimated by FEA. The FEA results indicated that the MOR and elastic modulus for the SiC ceramic
honeycomb substrate was much higher than those for the cordierite ceramic honeycomb substrate.

Key Words : Cordierite Ceramic, Honeycomb Structure, MOR(Modulus of rupture), SiC Ceramic, Three-way
Catalyst Substrate.
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[Table 1] Physical properties of SiC ceramic

Properties SiC

Porosity P (%) 35
Density p (kg/m®) 1,610
Thickness t (mm) 0.08
Elastic modulus E (GPa) 16.7
Poisson’s ratio V 0.25
Tensile strength 0, (MPa) 20.7
Coefficient of B
thermal expansion ¢ (1/C) 6x10
Thermal conductivity k (W/mC) 1.67
Specific heat ¢ (J/JKgC) 1465.4

Substrate “Mat

(a) Structure of three-way catalytic converter
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(b) Dimension of TWC cell
[Fig. 11 Structure of three-way catalyst converter
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[Fig. 2] Cylindrical coordinate system of ceramic catalyst
substrate



A Satsl=RA) 4147 A125, 2013

3. SiC Mzt stL A =©H 2 STt
=4X|e "ot

3.1 mEAIS| oYy FE

Fig 32 SIC Alete) sk gAY shaA4g 7ot
of §AIY] Jatd] oalE B3] Slat ekt
& 38FUA ] 2142 ekl Zlolch. Fig. 4= Fig.
39 SUFUAPE A48 7122 3UFUAPAY ft
xR 39 A AAEAE 22 b

Aot

2.64

| 15.84 264

[

l;!

[Fig. 3] Geometry and dimension for FEA bending test
(three-point bend)

Fig. 39] 33 w3l AdHol et shdAl<=(Modulus of
Rupture)= Fig. 59| §3t@As|Adnte} of3 4] ()&
o] gsto] & 4= Q.

MOR = % )
o, Pske (N), L2 B A¥(mm), b 2 gE Z(mm),
h @ BE @ =0](mm)

Fig. 62 SiC Al2he] spU7 gale) 3aaAleel o)

3 gatasa|ddnes el Aol sic Azt <
7427} 390MPao] B2 SiC Alta] sz BAle] 37

TUABHL WA FYge] wasiEe 4%
149N} 224Nk, o] ghe A1l eelahel v
3} o) AL 242 427MPa, 6.42MPao]c. u}
eh SiC At st SRl 22 ol RS 7 u
glon] ZuIg BEASE WAYT seAzo] vstol
1.5 = A}

(1) Radial

6108

(2) Axial
(a) Meshing

B Force: 10.N
[BJ Displassment

(1) Radial

[ Displacement
[BJ Force: 10N

(2) Axial
(b) Boundary condition

[Fig. 4] Meshing and boundary condition for three-point
bending test analysis
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(b) Axial direction (P=10N)

[Fig. 5] Stress distributions for three-point bending test
analysis
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(a) Radial direction

Tyne: Directional Deformation (¥ Axs )
Unit: mi
Global Coordinate Systern

Time:
2010-09-04 25 6:48

2.48401e-3 Max
2.07395e-3
1.663890-3
1.2538%-3
8.437730-1
4.337140-2
2.385606-5
-2.864026-4
T.964BTe-d
-1.20652e-3 Min

(b) Axial direction

[Fig. 8] FEA results of displacement for three-point

bending test
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[Fig. 10] Plots to determine effective transverse shear
modulus for SiC ceramic honeycomb specimen
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(b) Major strain in radial direction specimen
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(c) Minor strain in axial direction specimen
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(d) Major strain in axial direction specimen

[Fig. 111 Distribution of normal strain obtained from FEA
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[Fig. 12] Poisson’s ratio for SiC ceramic honeycomb

specimen

[Table 2] Equivalent mechanical properties of SiC ceramic honeycomb substrate

Longitudinal elastic Shear elastic . s .
MOR Poisson’s ratio
modulus modulus
(MPa) 14
E (GPa) G (GPa)
. Tange- . . . . .
Radial il Axial Radial | Tangen Axial Radial | Tangen Axial
nti; 12 v, v,,
MOR,| \ o | MOR.| E. |l By | E. G |t G| G o b =
0
4.27 4.27 6.42 14.4 14.4 24.4 5.6 5.6 8.5 0.38 0.21 0.21

[Table 3] Equivalent mechanical properties of cordierite ceramic honeycomb substrate

Longitudinal elastic Shear elastic . s X
MOR Poisson’s ratio
modulus modulus
(MPa) v
E (GPa) G (GPa)
. Tange- . . . . .
Radial il Axial Radial Tange-n Axial Radial Tange-n Axial
n v, 14 14
MOR,| | o | MOR.| E, | B | E. G |t G| G ré 0z @
0
1.9 1.9 32 2.5 2.5 4.3 0.6 0.6 14 0.3 0.22 0.22
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