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Abstract: The catalytic converters for automobile exhaust systems are manufactured by inserting a
mat-wrapped substrate into a stainless steel can. A residual pressure that is too high will initiate a fracture in
the substrate. In contrast, a residual pressure that is too low will fail to hold the substrate in the acceleration
or deceleration phase. Both the process capability and mat pressure on the substrate are predicted while
considering the effect of the statistical variation in the dimensions of the parts. The validity of the solutions
is then confirmed. A program using EXCEL combines a finite element analysis and process capability
analysis in one program.

- JlsMY - tm L =g )
a, b D AN, @b
Co L3RR A9He w7 £ B, M. % wHE
des A . TEER
G C AT HAF I W Qe 7ol
¢ B uEe AT » W] g
o e X, ¥, R NE ojwle] ZE WA A
I(;SL gjsi—?;j:“i]_ Ty To : %iﬂg %‘%‘ﬂ'%‘
e w0 AsSle} 317}
u D FAEA . o men
GBD D AAA AR (g/m) P o vl
n : Rkl

§ o] =2 2012 S| AES] &4k 5] FAIEE
th3](2012. 5. 11., SAHd)) W =Ee] 1. A
* Corresponding Author, mablej@naver.com
© 2013 The Korean Society of Mechanical Engineers A2 w7 Al e E &7 = w77k S 80




420 of 9 o - F 4 A

o
37 Fig. 13 o
A (Substrate)E "I EMat)Z LA 7H(Can)ol|

9 rfr ool N

Ky

Agegow wEolAr. wike Aol Ay
qHelA o]FoAn wWUAL Lelew uAS
Ax9 wow wed A4 Addn At

Aol We A

o
ol
N
o
ol
a2
b

Aol Agek wEe g e 2
W73} WS GEEAY ne A4 2,

g
< H
o]
g
~
|,

[¢]

z I
<
Huu:g
T
o

to
=, off
2,

.

S
Ko
Ho
e
fo
o
>
N
)
2
T
J2 ox
o T
=
£
il
ofm [
gl o
1% o o of

)
olN
ot
Rl
32

Fig. 39} o] =013l

l/./.’/
o
0.2 7
< /
QO -0.4-
<
» -0.6 "
N
Q
” 0.8
-1.0 T T T T
-1.0 -0.8 -0.6 -0.4 -0.2 0.0
Strain

Fig. 2 Compression behavior of a mat
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Input of Mass Flow Rate
Input of Gas Temperature

Input of Converter Skin
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Input of Acceleration [g-load]
Input of Aging [Cycle]

Required Mat Pressure
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Fig. 3 Program input and output flow chart
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Table 1 Input data
E 206 GPa
Can v 0.28
t 1.5 mm
Ui, o 0.705e-3, 11.412
Lo, Q2 1.186e-6, 25.000
Mat 3 O3 1.511e-3, -2.183
tm 10.6 mm
gt 3.8 mm
a 40.00 mm
Substrate b 28.50 mm
I 24.09 mm
1.0
0.8
0.6 'l.\_
“Ho
04 BN B RN
’E\ 0.2
é 0.0
> -0.2
= -0.4 SO
-0.6
-0.8
-1.0+— T — — .
0 5 10 15 20
Iterations
Fig. 6 Converged displacements
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Fig. 7 Deformed shape(amplification factor 5)
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Fig. 10 Comparison of Mat Pressure (Abaqus & Excel)

ANA FEEEE FH ST

Made Zzael Ads AR flshd
ABAQUSZ ©|&3}o] Fig. 87} o] &4, wiE, 70
S REgste] s dnE vasigith @Al ow
7} wjES] W, wjEe] oy} o] Wl HEx
de Folst A= FHYE *CONTACT
INTERFERENCE, SHRINKZ 4A43ich® Fig. 8
e AFHFeR 72 /) 845 WXk 2 W)
=9 144 7| 845 WiAISHY Fig. 99k o] & =
o] Hex AWRE Fgsle] stk me
ABAQUSS} 7ty g asloale] whukake] A
Ao R AAWgoR wES & HlwE

-

[e]
™ Fig. 107 o] Ao 72%2] 245 7HAaL )
o olZA JietE f3kes Tzaol ElgA

AEsAT,

o
S
=

c,=01-K)C (18)

P

(USL+ LSL)/2— ul

A= s —1s0)/2 (19)

Rk
Table 2 Input data
Tolerance
Spec.
Component Mean Low | High Cox
) )
Substrate Radius | 3395 | 10 | 0.10 | 1.67
(mm)
Fiber Weight, | 1400 113997 | 139.97 | 1.67
Tolerance (g/m”)
Can Contour
Radius (mm) 37.76 | 0.10 0.10 1.67

Table 3 Generated data

Substrate Can Mat
No. Random Random Random
Data (mm) | Data (mm) | Data (g/mz)
1 33.958 37.753 1391.273
2 33.952 37.791 1381.617
3 33.954 37.740 1366.358
100,000 33.984 37.781 1371.812

Table 4 Mean and standard

deviation of generated

data
Difference in
Mean Stal}dtqrd Standard
evialion | peviation
EXCEL | 33.96 | 0.07694 0.20%
Substrate
Minitab 33.96 | 0.07679
EXCEL | 37.76 | 0.01539 0.00%
Can
Minitab 37.76 | 0.01539
EXCEL 1400 21.53 0.06%
Mat
Minitab 1400 21.54
Excel & Minitab Substrate Random Data
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a000-
H

=) 30004
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Substrate Badius

Fig. 11 Distribution of generated data
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GBD of Process Capacity
23 dlole] =
LSl 072 N " S () [— =7
=5
usL 0.416 AMH(US) 3HsY
H2ED 0.368595 Cp 167
mEN 100000 CPL 167
HE @RS 0.00948716 CPU 167
HE HAEE) 0.00949616 Cpk 1.67
CCpk  1.67
AR 2852
Pp 167
PPL 1.67
PPU 1.66
Ppk 1.66
Cpm *
S
0.304 0.320 0.336 0.352 0.368 0.384 0.400 0.416
2545 ol U 45 ol &l 45
PPM <LSL 4000 || PPM < LSL 026 | PPM<LSL 027
PPM > USL 20,00 || PPM > USL 029 | PPM > USL 0.30
PPM Total 60.00 | | PPM Total 0.55 | PPM Total 0.57
(a) Minitab
A 0369
0.321 I L 0.415
i 228 { 1\
| L Rl |
0.2 0.25 03 035 04 045

—#— Narmal Distribution

Target GBD L5L

Target GBD USL

-------- Design GBD L5L *+* Design GBD USL

(b) EXCEL
Fig. 12 GBD process capability output
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FEA Calculation
[After Stuffing, Worst Case Tolerances]
Substrate [mm], Target [mm],

=)
|

Minor [mm]
3

8

30

20

Point4

10 s
L3 ‘.?7 i
: | § Points _
0 ; ; s ;
1] 10 20 30 40 50 60 70
Main [mm]
——Substrate ——Target — FEA
Gap [ Gap Change|GBD [&{cm’?[ocal Pressure [kPa
Point 1 4327 0.31% 0.303 196:189
Point 2 424 8.49% 0.305 201.630
Point 3 415 6.05% 0312 219186
Point 4 402 296% 0321 246.542
Point 5 397 1.49% 0326 260.596

Fig. 13 Display of finite element solutions
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10,000 Cycle Compression @650°C (Isothermal)
Cycled from Nominal to 90% Nominal GBD
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Fig. 14 Performance degradation of mat
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Mat Performance Degradation
[Hot Apol. Conditions. Worst Case Tolerancesl
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Fig. 15 Acceptable mat performance

Mat Performance Degradation
[Hot Appl. Conditions, Worst Case Tolerances]

100.0kP2
80.0kPa @
60.0kPa (7
40.0kPa

20.0kPa @
0.0kPa @
500 1500 2500 3500 4500 5500 6500 7500 8500

Pressure [kKPa]

9500 Cycle

" Analysis Average GBD 0.312 g/cm —Aging —Req, Pressure — g Nominal GBD0.338 gfem’

Fig. 16 Unacceptable mat performance

Fig. 17 Program layout
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