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A Study on Reliability Design of Fracture Mechanics Method Using
FEM
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Abstract Stainless steel sheets are widely used as the structural material for dynamic machine structures, These kinds
structures used stainless steel sheets are commonly fabricated by using the gas welding, For fatigue design of gas
welded joints such as various type joint. It is necessary to obtain design information on stress distribution at the
weldment as well as fatigue strength of gas welded joints. Thus in this paper, AP-N; curves were obtained by fatigue
tests. and, AP-Nr curves were rearranged in the Ao-Nr relation with the hot spot stresses at the gas welded joints.
Using these results, the accelerated life test(ALT) is conducted. From the experiment results, an life prediction model
is derived and factors are estimated. So it is intended to obtain the useful information for the fatigue lifetime of
welded joints and data analysis by statistic reliability method, to save time and cost, and to develop optimum
accelerated life prediction plans.
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Fig. 1. Flow of fatigue life evaluation
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Fig. 2. typical specimens
(a) Plug welded joints(length; 200mm)
(b) Ring welded joints(length; 200mm)
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Table 1. Chemical composition and Mechanical properties
of materials

Chemical composition of materials(Wt%)

C Si Mn P S Ni Cr N
0.05 1.0 2.0 007 [003] 7 15 0.1
Mechanical properties of materials
. Yield S. Tensile S. Elongation
M 1 1
aterial Symbo! (MPa) (MPa) %)
> LT > 217.6 > 521.5 > 46
> DLT > 346 > 6454 > 35
STS301L > ST > 431.2 > 732.6 > 31
> HT > 673.2 > 957 > 17
& ¥
uter surface —_— Inner surface
T innersurlace —= GOuter surface
A
B I_ C D
A,B,E,D: (v, w=0,Mx, Mz =0)

C(nugget center) : (u, v, w = free Mx, Mz = 0)

Outer surface
- ——————————————————y

Inner surface
Inner surface o

= — i
Outer surface

[TTITTTNY)
i
|

A,B,E,D: (v, w=0, Mx, Mz =0)
C(nugget center) : (u, v, w = free Mx, Mz = 0)

(b)
Fig. 3. 3D FEA model for stress analysis

(a) Plug-type (b) Ring-type

4400

(b)
Fig. 4. Stress distribution of typical specimens
(a) Plug-type welded joints(ST(1.5)+HT(1.8))
(b) Ring-type welded joints(ST(1.5)+HT1.8))
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P Wek Aagig A A7 - AR

Table 2. Combination of the various specimens

Welded Joint type Body(T)+Joint(T)
Plug - typel ST(1.0)+ST(1.5)
Plug - type2 ST(1.5)+HT(1.8)
Plug - type3 ST(2.0)+DLT(1.5)
Ring - typel ST(1.0)+ST(1.5)
Ring - type2 ST(1.5)+HT(1.8)
Ring - type3 ST(2.0)+DLT(2.5)

(T) ; Thickness
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Table 3. Welding condition of Specimens

Materials/Welding ‘ STS301L/Semi-Auto Robot
Welding Condition
1) Pass 1 Pass
2) Current (A) 100-120
3) Voltage range (V) 15-17
4) Travel speed(cm/min) 10-12
5) GAS(%) Ar 98
6) Flow rate(1/min) 18-20
7) Filler metal) AWS ER 308L
2.2.2 Al%g. 79w
Sl WHEETE 25Hz H3lg e 3t5H](load

ratio; R=Pmin/Pmax)7]' 021 A& 3Ksine wave)Z 33

go] A =3 (low fatigue limit)S T-3}7]
A Table 29 22 FE= Al<td AFAS A
A7 E(maximum tensile strength)2] 70%°14 10%%)
S TAaA7IHA, JIS Z 2273 2 IS Z 31039 A
HEAIAEE  FAHAL, T FRIE
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P1[ST(1.5)+ST(1.5)]
P1[ST(1.5)+HT(1.5)]
P1[ST(1.5)+DLT(1.5)]
R1[ST(1.5)+ST(1.5)]
P1[ST(1.5)+HT(1.5)]
P1[ST(1.5)+DLT(1.5)]
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Fig. 5. AP-N; relation of the various welded joints
specimens
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Fig. 6. Ao-N; relation of the various welded joints
specimens
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Table 4. Result of A-D value for specimens

Specimens type Model A-D Shaﬁ ¢ FT;E?
Plug type joint

ST(1.0)+ST(1.5) Weibull 2.238 3.24 IFR
ST(1.0)+HT(1.8) Weibull 2.214 12.43 IFR
ST(1.0)+DLT(1.5) Weibull 2.267 6.38 IFR
Ring type joint

ST(1.0)+ST(1.5) Weibull 2.189 10.73 IFR
ST(1.0)+HT(1.8) Weibull | 2.125 8.38 IFR
ST(1.0)+DLT(2.5) Weibull | 2.132 4.90 IFR

Table 5. Acceleration function and R-square value of
specimens

specimens Acceleration Function | R-square
Plug type
ST(1.0)+ST(1.5) y=4E+11X > 98.45%
ST(1.0)y+HT(1.8) y=2E+11X M 99.35%
ST(1.0)+DLT(1.5) y=4E+11X % 98.45%
Ring type
ST(1.0)+ST(1.5) y=4E+11X 99.15%
ST(1.0)+HT(1.8) y=4E+11X Y 99.15%
ST(1.0)+DLT(2.5) y=4E+11X *¥® 98.25%
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Fig. 7. Acceleration verification of Plug-type joints
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Fig. 8. Acceleration verification of Ring-type joints
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plug type welded joints
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