2008

STS301L 7}2=8A o] A 2] 7144 o 0] 3]

A7

(1. Plug and Ring type)

H
=L

ol

g . uss

fol

A study on Accelerated Life Prediction of Gas Welded joint of STS301L
(1. Plug and Ring type)

Seungyeb Back, and Dongho Bae

Key Words : Fatigue strength(3] 27} &), Gas welding(7}2=-87), Acceleration Factor(7}<5 4| 1),

Acceleration model(7}<5

2.4, Accelerated Life Test(7}&5FH A1 &),

Abstract

Stainless steel sheets are widely used as the structure material for the railroad cars and the commercial

vehicles. These kinds structures used stainless steel sheets are commonly fabricated by using the gas welding.

Gas welding is very important and useful technology in fabrication of an railroad car and vehicles structure.

However fatigue strength of the gas welded joints is considerably lower than parent metal due to stress

concentration at the weldment, fatigue strength evaluation of gas welded joints are very important to evaluate

the reliability and durability of railroad cars and to establish a criterion of long life fatigue design. In this

paper, AP-N;curve were obtained by fatigue tests. Using these results, the accelerated life test (ALT) is

conducted. From the experimental results, an acceleration model is derived and acceleration factors are

estimated. So it is intended to obtain the useful information for the fatigue lifetime of plug and ring gas

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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Table 1

In 7(V)=InA-yInV=A - yInV (2)
Result of A-D value for specimen of plug and
ring gas welded joints

Four ways probability
Welded joint type Anderson-Darling value
(plate thickness)
Weibull | Lognormal | Exponential | Normal
ST(1.5)+ST(1.5) 2.126 2.126 3.328 2222
PO | sT.5)+HT(15) | 2156 | 2202 3.230 2168
ST(1.5)+DLT(1.5) | 2.133 2.154 3.106 2.143
ST(1.5)+ST(1.5) 2119 2.150 3.240 2.136
RING | st 8)eHT(15) | 2107 | 2139 3293 2111
ST(1.5)+DLT(1.5) 2.101 2.136 3.139 2114

Table 2 Optimum distribution model and failure type for

specimen of plug and ring gas welded joints

Percent of maximum tensile load

Percent of maximum tensile load

Welded joint type Fitting distribution | A-D | Shape/Scale | Failure
(plate thickness) model value | parameter type
ST(1.5)+ST(1.5) Lognormal 2.126 0.12 IFR
Plu
9 ST(1.5)+HT(1.5) Weibull 2.156 7.95 IFR
ST(1.5)+DLT(1.5) Weibull 2.133 6.38 IFR
ST(1.5)+ST(1.5) Weibull 2.119 10.73 IFR
Rin
9 ST(1.5)+HT(1.5) Weibull 2.107 8.27 IFR
ST(1.5)+DLT(1.5) Weibull 2.101 4.90 IFR
Probability Plot (Individual Fits) for Lifetime
Weibull Distribution-ML Estimates-95% CI
Complete Data
n 20
9 ] s 30
1 { // s 50
80 70
70 4
& ]
5 Location Scale AD  FIC

9.5205 23411 2.27 5/0
7.9582 79077 2.31 5/0
10.982 6700 2.31 5/0
6.6633 1106 2.16 5/0

Number of cycle to failure, N¢
Fig 2. Acceleration verification of plug welded joints
(ST(1.5)+ST(1.5))

Probability Plot (Individual Fits) for Lifetime
Weibull Distribution-ML Estimates-95% ClI
Compblete Data

Il = 30
il 70

j Location Scale AD" F/C
“ 10.739 16759 2.12 5/0
L 12.815 21074 2.15 5/0
/i | 7.3649 3937 246 5/0

“J‘ | 71142 1076 215 5/0

1000 10000 100000

Number of cycle to failure, N¢
Fig 3. Acceleration verification of ring welded joints
(ST(1.5)+ST(1.5))
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RLERE [ W
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stRon, FEa SN ¥ & ThENe

Table 3 3} Zo] 45t}

NEzAe FaaEel dlEsE 107 Cycles 9
d23s Z2AS A AHE =9 A4S Ay
AL 70%, 50%, 30%S 7I&Z7HoE 7HY
stlom, FAF A = HolE #4d AEH
A8 T2 TS MINITAB 14.0 & AF8-3i T}

Table 3 Acceleration function and R-square value of plug
and ring gas welded joints

Welding Specimen AF. R-square
Type (Acceleration Function)
ST(1.5)+ST(1.5) y = 3E+11x ~ 45007 97.25%
Plug ST(1.5)+HT(1.5) y = 1E+11X ~4.2565 97.25%
ST(1.5/+DLT(1.5) y = 1E+10x ~ 37548 97.25%
ST(1.5)+ST(1.5) y =2E+10x ~ 39349 97.25%
Ring ST(1.5)+HT(1.5) y = 2E+08X - 28376 97.25%
ST(1.5)+DLT(1.5) y = 3E+08X " 27124 97.25%
Table 4 Chemical composition (%) of material
(& S1 Mn P S Ni Cr N

0.03 1.00 2.00 0.04 | 0.03 6~8 16~18 0.2

Table 5 Mechanical properties of materials

Material | Symbol Yield strength | Tensile STliellgﬂl Elongation
(Mpa) (Mpa) (%)
LT =215.6 = 5488 =44
= 343 = = 39
STS301L DLT 4 686 9
ST =411.6 2 754.6 =34
HT 2 686 = 931 219

3. b8 ol 2R AEPE P

3AEE ¥ AEEX
T2 AYHL Tables 4, 5 ] STS30IL & Fig. 4
o3

(b)o)st & FHOE FFA B olFAL 7t
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Fig. 4 Gas welded joint specimen
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Table 6 Maximum tensile strength of plug and ring gas
welded joints

Max tensile strength

N (Kg,)

Welded joint type
(plate thickness)

ST(L.5)+S8T(1.5) = 18502(1888)

Plug ST(1.5)+HT(1.5) = 19727(2013)

ST(L.5)+DLT(1.5) > 22706(2317)

ST(L.5)1+ST(1.5) > 39102(3990)

Ring ST(L.5+HT(1.5) > 49921 (5094)

ST(L.5y+DLT(1.5) = 36691(3744)
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Table 7 Comparative analysis of /JP-Ngand /P ayr-

N lifetime data for plug welded joints

Car}glru;;:l;fv::&:sejg;nmtens Percentage Of Maximum tensile load Remark
Specimen Items 70% 50% 30% 20% 10%
Fatiguetest (N,) | 709| 4,074 46965 | 251761 | 5417.206
STAS) TaLP.(N,) 974| 4518| 48010| 310079
+
AF. 7,728 1,643 157 u 1
ST(1.5)
Accuracy 73% 89% 98% 81% - 85%
Fatiguetest (N,) | 1,031 | 6,381 73978 221330 5,304,080
ST(S) [aLP(N) 1401 5866 51508 289,845
+
uris) | 3,955 o044 107 19 1
Accuracy 4% 92% 0% 76% - 79%
Fatiguetest (N,) | 1054 | 3714 | 40292 | 125646 | 7829296
STAS) [ALP.(N,) 1180 | 4175 | 28425 130284
+
AF. 90| 421 62 13 1
DLT(1.5)
Accuracy 89% |  89% | 1% 96% . 85%

A.L.P. : Acceleration Lifetime Prediction
AF. :Acceleration Factor

Table 8 Comparative analysis of /JP-Ngand /Py -
Ny lifetime data for ring welded joints

Condition of the specimens . "
for ring welded joint Percentage Of Maximum tensile load Remark
Specimen Items 70% 50% 30% 20% 10%
Fatiguetest (N;) | 1,008 | 3,714 | 20217 | 159,710 | 5,256,817
STAS) [aLp(N,) 1008| 4.128| 30811] 151917 .
Y 2115| 563 75 15 1
ST(1.5)
Accuracy 92% 90% 66% 95% - 88%
Fatiguetest (N,) | 1.067 | 3,146 11.047| 40527 | 4,586,969
ST(5) | ALp(N,) 1162 | 3020 12869| 40,666 -
+
urrs) |AF 250 9 23 7 1
Accuracy 92%|  96% 86% 99% - 89%
Fatiguetest (N,) | 2776 | 6,023 | 26687 | 87,815 5,150,684
ST(15) | ALP.(N,) 2068 | 7303| 20551| 88758 | -
Y 250 9 2 7 1
DLT(15)
Accuracy 94% | 81% 90% 99% : 86%

A.L.P. : Acceleration Lifetime Prediction
AF. : Acceleration Factor
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1.E+00 1,E+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+07
Number of cycles to failure, N¢

Fig 5 Comparison of /IP-Nyand /Parr-N¢ for

plug welded joints
— Ml Tl «R7(ST15+5T15)
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Number of cycles to failure, N¢

Fig 6 Comparison of /P-N; and Parr-Ng

for ring welded joints
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