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Abstract: A three-way catalyst substrate for domestic passenger car satisfies the design criteria for exhaust gas
exchange and pressure drop but does not have satisfactory thermal fatigue performance. Prefracture faults in this three-
way catalyst substrate has often been discovered in vehicle repair or vehicle inspection facilities. This paper presents a
thermal fatigue performance estimation method for a three-way catalyst substrate using a probabilistic strength
reduction factor model. This method is superior to the thermal fatigue performance estimation method for a three-way
catalyst substrate that uses a deterministic strength model.
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Table 1 Specification of gasoline engine

Item Specification
Engine type SOHC, 4-Cylinder
Displacement volume 1997cc
BorexStroke 58 mmx88 mm
Compression ratio 8.6:1
Max. power 115 PS@5000 rpm
Max. torque 177 Nm@45 rpm
Firing order 1-3-4-2
Idle engine speed 750+£100

Table 2 Vehicle driving test conditions

. T - . .
Ve.hl.cle Driving empe Humi ditypnvngrwmg
driving section rature %) distance speed
test () | (km) |(km/hr)
National
Road No.7 21 63 12 80
1 Donsh 100
Eprossway 21 | O | B | =
pressway 180
National 60
ationa
2 Road No.7 21 65 37 30

Fig. 1 Structure of three-way catalytic converter

Fig. 2= A% A9 F4=5 Ued slo=,
7}4:% A% (Hyundai, SONATA II SOHC 2000cc,
Korea), 21 = vl /1 21 7] (Mobis, Converter assy. No.
28950-33430, Korea), === 7 & ] (Graphtec, GL200,
Japan), Wl &7}~ 57 4 X (ECOM-A: JP/1F-18, KIS:
MEGA-1010A, USA)G o2 FAH o Q). 459
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Fig. 2 Schematic of temperature measurement test
equipment

Fig. 3 Coordinate system of three-way catalyst substrate
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Table of Statistics |
20 Shape 6.15913
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Table 3 Failure probability of three-way catalyst

Max.  |Charact- Failure
Vehicle| Estimation|  Stress | eristic robabilit
Test | method | oy, (Stengh F, | Fy | F P B y
type (kPa) | o o
(Pa) (%)
Or 1365|1933 1 0.33 | 0.6 |0.52 84
Axial (kPa)
temp. (lg?a) 3651933 1 0.33 | 0.6 | 0.52 84
gradient
(k(;fa) 1050( 4602 | 0.33 | 0.6 | 0.52 89
Indoor p
' 1345(1933 1033 0.6 |0.52 82
Radial 122)
tmp(ﬁ)m1%3m3o6mz 82
gradient oa
Z
(kPa) 970| 4602 | 0.33 | 0.6 | 0.52 87
Or 1398|1933 1 0.33 | 0.6 | 0.52 86
Axial @@
temp. (ldfa) 39811933 1 0.33| 0.6 | 0.52 36
gradient
kﬁz 1220( 4602 | 0.33 | 0.6 | 0.52 92
Road (kPa)
O 1370/ 1933 [033] 0.6 |0.52] 84
Radial 122)
temp (k?a) 3701 1933 | 0.33 | 0.6 | 0.52 84
gradient .
Z
(kPa)ml 4602 0.33 ] 0.6 |0.52 90
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