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This study examines thermal safety on three-way catalyst that dominates 70 % among whole
exhaust gas purification device in 2003. Three-way- catalyst durability in the Korea requires 5
years/80,000 km in 1988 but require 10 years/120,000 km after 2002. Three-way catalyst
durability in the USA requires 7 years/120,000 km but require 10 years/160,000 km after 2004.
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 power law
dynamic fatigue life estimation and strength reduction methods for thermal stress.
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Fig. 1 (a) Structure of the three-way catalytic converter,

(b) Ceramic substrate

Table 1 Specification of gasoline engine

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

Table 2 Test conditions for thermal mapping of the TWC

Engine speed

1000 | 2000 | 3000 | 4000 | 5000
(rpm)
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28950-33430, Korea), 2% % 4 4 (Graphtec, GL200,
Japan), BH%—?P*EW‘P%}(ECOMA JP/1F-18, KIS:
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Fig. 2 Schematic of the test equipment for temperature
distribution characteristics
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Fig. 4 Thermal cracking patterns in ceramic substrate
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Fig. 5 (a) Schematic of boundary conditions for the TWC,
(b) Computational grid system

oA A o2 L&A AT Navier-Stokes B3 Al
S AHEETE UHFEEL ke & VHte=m 3
SST(shear stress transport) 2.2, tHF3te] xpEHFA2)
< high resolution & 2] -&38ted AAEr T} 2

Q) 479 &£x9 28 ¥E Fig 2 9 484
F& HL3} &7 Uy 0 Pa 2 AA3IGITH
AT L FT FEL AYF HELS H = (no-slip)
Z7lo|t},

G IP 4 72E R Exddx g9i
(monolithic substrate)= ¢4HZAsE 1T ta3A
v} d (porous media)® FEFAch @A WF-o
T2 WAL gt EHEe] £xt xujy
o2 1 A FFH FELZ MY Znje 3
&ak-gof] gt ‘i’a‘ﬁaﬂ 2294 H(source domain)oll
A% F dUAZ L3}

(4) TEHAY AA =4 Ay @A %

F T EH'SH A AAZAE JEslu v
30 g HHe o4 dd=2 7FA{I
Table 3 & %-ﬁ‘% Ao ALgH o] 7] A<
B8 42& vEbd AHolth Table 4 9} 5= 44

055

n‘,



ron

F2H U B3 x| X 273 95 pp. 58-66

September 2010 / 62

Table 3 Physical properties of ideal air

I
Molar mass (kg/kmol) | Dynamic viscosity (kg/ms)

Specific heat (J/kgK)

Thermal conductivity (W/mK)

28.96 1.831% 107

1004.4 0.026

Table 4 Mechanical properties of ceramic substrate

Longitudinal elastic modutus Shear elastic modulus Poisson’s atio
E (GPa) G (GPa) oIsson’s ra
Radial |Tangential| Axial Radial |Tangential| Axial v v v
E, Ey G, G, Gy G, e ” =
25 2.5 4.3 0.6 0.6 1.4 0.22 0.3 0.3
Table 5 Physical properties of ceramic substrate
Properties Radial direction Axial direction
Density p (kg/m3) 513 513
CTE « (1/C) 6x107 6x107
Thermal conductivity £ (W/mC) 0.3 0.5
Specific heat C (J/kgC) 1047.2 1047.2
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of AAE ZHAF yE ol&ste] AU =
Threshold
strength
4. 439 M 2 X 2% Y AN WU S
4
2
g R AP AFAN AT TAHE A g
a].ul % }3] 17]-’}““_?‘_%% /}-:}Ugé}:ﬂ A{]E]—‘?_‘, ‘7;? § During During During _
o o] dF otHA Hrld A zaAL A 1 full load idle full load
E87] A8 F A B @48 Vg He Time
4 HEl(power law)d E7 3 & &AW d(dynamic Fig. 6 Thermal fatigue and threshold strength
fatigue damage mode)*# FHEBTZE AA A0 ) )
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Fig. 7 Time vs. temperature at ceramic substrate
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Table 6 Thermal flow boundary conditions for indoor vehicle test

Engine speed Design variable Response
(rpm) Twa(C) | Vee(s) | Q(Wim) | O (Win’) | h(WI*C) | Tourer (T)
1000 242 12 42724 529418 12.7 278
2000 399 48 41695 529961 7.3 407
3000 466 45 399699 213171 13.2 471
4000 540 34 201791 489450 7.7 562
5000 680 39 467844 107524 24 661
1400 5
Axial directional desi
0 ial directional design strength S, _:_ Cren - +(UBIU|_).
1188 I"em L —8—(o/c),
1000 | ‘ Serea —— E%;UV)VEA
g 800 + / }§ sk . =
g Tangential directional // 2
© 600 k- design strength S| / 2 MOR /MOR
5 i ya L I
| 400 473  —— & £ 7 T
E £ .
5 .0 /" 2 MORJA:%{( /
" s 1 ! : = - -
of .
i 1 JE— 4!455 1 1 i L 1 i
20 0 1000 2000 3000 4000 5000 6000 o [ 1000 2008 3000 4000 5000 6000
Engine speed (rpm} Engine speed {rpm)
Fig. 9 Estimation of thermal durability of ceramic Fig. 10 Stress ratio vs. engine speed in ceramic catalyst
catalyst substrate using coupled thermal flow substrate
structural analysis model
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Fig. 11 Modified stress ratio vs. engine speed in ceramic
catalyst substrate
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Fig. 12 Stress distributions in ceramic substrate at vehicle
driving test
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