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The prediction of fatigue life of muffler by artificial neural network
Soon-Cheol Park! - Sung-Su Kang? - Jin-Ho Yoon® - Gug-Yong Kim'
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Abstract : In order to estimate the fatigue life of mufflers at the early stage of researches and designs, the
new prediction process was developed by the artificial neural network, which has the algorism of weldment
properties. Bending fatigue test was carried out for defining the characteristics of muffler weldment fatigue
life and damage. For considering and predicting mechanical and fatigue properties of the muffler, the max-
imum stress of weldment was adapted as the variable of artificial neural network training. Also, it was com-
pared with the fatigue life predicting results using fatigue notch factors, for proving the newly developed
process of the artificial neural network.
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Table 1: Chemical composition and mechanical prop-
erties of STS 409L

Element C Cr Ni Ti
10.5 0.48~
0,
wt % 008 | ;7. | 05 0.75

(a) Chemical composition

Young’s ., Yield Tensile .
Modulus PO';E? s strength | strength Elozga;lm
(GPa) (MPa) | (MPa) 0
206 0.29 245 406 20

(b) Mechanical properties
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Figure 1: Specimen and machine for the fatigue test

Table 2: Test conditions for the fatigue test

Sample | Moment Load Moment
No. (Nm) Amplitude (N) | Arm (mm)
1~-6 329 1645
7~12 306 1530
13~18 282 1410 200
18~24 259 1295
Aol TR AEE ddE] fIsiA MTS

MPT(Multipurpose Test)2]
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Table 3: Calculated parameters of Weibull

E FoE Algste]
T 2 Table 39l
A X Figure 29 2t}

Momenti 259 Nm|306 Nm|282 Nm|259 Nm
Paramete
Shape 1051 | 539 | 702 | 674
parameters
Scale 137,367 | 245,347 | 437,240 | 696,665
parameters

2.557

2.454

240 T

y=-0.1474 x + 3.2743

5.1

54

T

5.7

Fatigue life (cycles)

Figure 2: Fitted Moment-Life curve (log-log scale)
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Figure 3: Penetration check and cutting area for
the measurement

Figure 4: Cross section of bead and measurement
of bead angle and radius
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Table 4: Detail information about the shape of bead
and the fatigue notch factor[14]

Fatigue | Angle -
SPL | Load | notch of Radius | Stress
No. | (N) | factor | bead of toe | of toe | Cycles
(Kf) ©) (mm) | (MPa)
2 2.2 2429 | 118 340 | 154,928
3 1645 2.2 36.97 | 0.82 363 | 165,592
5 |7 2.4 20.0 3.81 332 | 139,250
6 2.1 37.0 0.34 476 | 134,784
7 2.2 27.0 2.29 287 | 240,152
8 1530 2.0 22.0 2.69 264 | 339,081
9 ' 2.0 25.0 2.08 267 293,403
10 2.2 35.0 0.42 382 230,304
13 2.0 23.87 3.41 232 480,939
14 1.410 2.1 25.76 1.95 255 | 471,827
17 |7 2.1 31.02 | 035 255 | 573,966
18 2.1 2055 | 1.15 269 | 408,934
20 2.0 2432 | 281 214 | 801,798
22 1295 2.1 1317 | 3.72 220 | 813,781
23 |7 1.9 32.42 1.1 237 | 845,525
24 2.1 29.84 2.3 233 | 608,728
3. ABANATE o] Y= 9 g5
A 820k FREES VIEEH EE A 24
A EAE AHE 2t e, oh BAE
Fe 28 PFES FRHA A $9S
faale o gHe v ¥4 $Hud a4 o
Epdth §9-H oA & BALe] gie
Wz wx AR AW olgd $¥ 1%
A Zleketd Gaat shs Fun lEeks

873



874

Iteration

ﬂﬂx%ﬁwﬂﬁ%ﬂﬂ%ﬂ%?ﬂm e | I8
PN SN TN 1o T T & =
el S B N|o|t ||t ~|©|t|o| | 2 S |
IR R TR L £1218/2/2/8/35/2|3(8 2|2 i
S A N g W g g = S| ol 5| o| 0| S| o o] || o3| oo ¢ EN
o) B Mo o wr EQATWQTJO N8| R I2LDNBI=2RIBIS2B S 5 =
_zﬁomﬂmﬂgﬁﬂbt A o EWNrVﬂATMﬂdl OSSR QRIK T |6 |F| 3|0 |3 s E e
oo = B - s =/ <A NS - “L. O
BEEET T B L w B £z
MR R Sl B B ik 2 |4 53 ™ 8
e nAd2 TELETLIRDEE TE = B~ |[®
Twm g 4T _tmagr@E o= & = £ ¢ &
o) 7 ooy o N = = ey = Xg il o E o s | 5 ] =]
- EO ,deﬂ_nx.uuﬁTﬂHoEﬂmﬂmeurATwu mm326772559m03 z £ g 8=
CTEERST 2LIoBror EBHERRREREENSR  ° | F
= s 4
SRE=8® TR EIETE_F_ F|, [
o~ Ao T sz]i_sﬁLﬂ.Eﬂ a 3 &
HI&O,JIEEOE ho,m%ﬂl. oaﬁlﬂﬂ;o JE = nmqvw = Q m
ST ELLPRE RN N e TR €
dlo iy =2 <~ Aln S = U X 3 U/
oo R Ty SR F T TN G e
~ ﬂ‘O_WH]‘U_WaLEﬂ Etm‘UI.JO_H MM,OIM_/_HﬁO‘Ol m _
< O - ) Lo = W o vy .U
i mOﬂomLWmeﬂﬂﬂ.%ﬂ qwﬂoo#eﬂdﬂm@ hL35679mM._W_,olo_mQM 8§ £ 2°&°¢8
L I SndmSTEm T Emx gk T .
i FTolT T o) ShET oo Jourg pasenbg pazyjeutioN
5 THRMUERDTE T NT LT R T T T N BTG WMo TR AKX
< \‘I“_HHO = ~ .] - 1No 4 o o) o
o .@%a_.{g_n%%ﬂﬂmwwmﬁmoﬁoiﬂ7&45@5%@%3@%eAT _%ﬂﬁjoﬂemﬂ%ﬂawoo
: W o oo 7 = or I E R E My T e T S myNTH LT T
T TR Nt _mr TMEPIRTNR R gl Ry oy R ToewEE S
~ A~ - _ﬂﬂ]1 . X . X o -
F U T g pEETE o PR g g e 2T T don gy Peh®Ea
TR R EEP T L N T el mr ] T LPR R & T TR TR
Y A A R T UMyt B aw T e
o W oo & & o Bm e oy ey o T 3 B Ny 2 o
Jm%ﬂﬁ,ﬁﬁw«%%%ﬂﬁw%gMaﬁunum]mﬁ%@lao%%%?ﬂmmﬁ1%%&W%MM
T DI T E T dow Ty Aot B b z X
N DS PO L N T T Y
LﬂﬂwmﬂﬁEﬂEﬂ@ﬂuﬂaﬁ%»ewﬂm%ﬂhﬂwmzw%mﬂ%ﬁiﬂoE,o_eamﬂ_.nmﬂﬁwwﬂmud.wgm_g.
— . — il X N N — ) ™ = i
AT‘W1E|xﬁﬂlaﬂﬂvﬁ_ﬂlqAEO#OATM_.ﬁLEo%NadﬂX%aﬁzTﬂﬁﬂzTﬂﬁ‘mOﬂﬂH;om_.o%ﬁoﬂulwgo
cE P T n T bR E g e @ PP Ty R p g Z
- LN - RN R AT o Sl A R
f ox )
AT ET Lt Ty Ty ww P g m s a2y
imtg ny ofWuTﬂm@ﬂm#mﬁ%i%%%%ﬂwﬁouﬂ.@ﬂ%d%uATﬂaﬁw«ﬂmaT
w H o r . oot = g %
B L TR T PN R o S IR e TR g Py g8
AR R RNAE T T ey T T TS T N do BT T T WD T
Bo R Nx M od N BT kool Noom- N om- B KK RE I BN W m A odow B ot Lo

Figure 5: Comparison of ANN learning methods
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tor method and ANN
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