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Abstract This study examines thermal safety on three-way catalyst that dominates 70% among whole exhaust
gas purification device in 2003. Three-way catalyst maintains high temperature in interior domain but maintains
low temperature on outside surface. Therefore this device shows tensile stress on outside surface. Temperature
distribution of three-way catalyst was acquired by thermal flow analysis for predicted thermal flow parameter.
Thermal stress analysis for three-way catalysis was performed based on this temperature distribution. Thermal
safety of three-way catalyst was estimated by strength reduction factor and failure probability.

Key Words : Three-way Catalyst, MOR(Modulus of Rupture), Probability Factor, Size Factor, Fatigue Factor,
Strength Reduction Factor, Failure Probability
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[Table 11 Specification of gasoline engine

Item Specification
Engine Type SOHC, 4 Cylinder
Displacement Volume 1997cc
Bore x Stroke 58 x 88 mm
Compression Ratio 8.6:1
Max. Power 115 PS /5,000 rpm
Max. Torque 177 Nm / 4,500 rpm
Firing Order 1-3-4-2
Idle Engine Speed 750 + 100

Three-way catalyst

x v‘t‘y

Stainless steel can

[Fig. 1] Structure of three-way catalytic converter

[Table 2] Indoor vehicle test conditions
Engine speed Wind speed
(rpm) (m/s)
0
5
10.3
16.5

1000

2000
10.3

16.5

3000 103

16.5

4000
10.3

16.5

10.3
16.5

[Table 3] Vehicle driving test conditions

Ve.hllcle Driving Tempe- Humidity an1ng Driving
driving section rature ) distance | speed
test (0) (km) | (km/hr)
National
Road No.7 21 65 12 80
1 100
by | 2| S 2| -
pressway 180
60
National
2 Road No.7 2 65 57 30
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[Fig. 2] Coordinate system of ceramic three-way catalyst

[Table 4] Thermal stress of three-way catalyst in indoor
and road tests

Engne | Wind
Test v. | O o, o,
condition 7 T v
m | o | @ | () | (P
0 641 | 1085 | 1205
5 334 | 887 | 1175
1000 103 186 | 577 | 788
165 304 | 821 | 1023
0 4198 | 11745 | 14938
5 5436 | 13821 | 16022
2000
103 | 3226 | 13216 | 1269
165 1168 | 1534 | 1835
0 8898 | 27355 | 377.89
5 12899 | 34376 | 467.30
Ind 3000
oor 103 | 20101 | 30204 | 33037
165 | 5276 | 189.10 | 26992
0 11869 | 29299 | 377.83
5 24301 | 53908 | 71431
4000 103 | 28620 | 609.56 | 81494
165 | 32959 | 59350 | 761.99
0 33105 | 691.79 | 95474
456, .
5000 5 5662 | 80531 | 1,00
103 | 38337 | 693.66 | 879.20
165 | 25908 | 57867 | 79042
w0 167 68 191 295
Road 277 220 450 680
5000
50 410 840 1230
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Table of Statistic: %o ®
90| | shape 515913
3363.12
312454
591.014 |
3168.83
799.085

Percent

4602

o 5000

001000

Modulus of rupture (kPa)

1500 2000 3000 4000

[Fig. 4] Cumulative density probability of MOR
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[Fig. 5] Relation between strength reduction factor and
reliability
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[Table 5] Failure probability of three-way catalyst

Item Maximum Characteristic Failure
V;l;i;le Stress Strength F;) F/ F, probability Py
Stress O max (kPa) Y, (kPa) (%)
0, (kPa) 456.62 1933 0.33 0.52 0.6 89
o, (kPa) Indoor 805.31 1933 0.33 0.52 0.6 98
o, (kPa) 1,096 4602 0.33 0.52 0.6 90
0, (kPa) 468 1933 0.33 0.52 0.6 90
o, (kPa) Road 869 1933 0.33 0.52 0.6 98
o, (kPa) 1,212 4602 0.33 0.52 0.6 92
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