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A Study on the Fatigue Life Estimation Using Butt Weld Bead Profiles
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Abstract

This study investigates the fatigue life estimation of butt weld specimen for the railway vehicle by examining butt

weld bead profiles. The butt weld beads, which are welded by semi-robot method, have non-uniform bead profiles
described by 8, p and h. The stress concentration factors, K, are changed by different 8, p and h from 1.395 to 2.863.
Hence, the sensitivity of K. is changed by each 8, p and h. As 6 becomes lower and p and h become higher, K,
increases. The fatigue life can be estimated very closely for the AAY specimens without residual stress using only
butt weld bead profiles. But, for ‘the AAN specimens with residual stress, the fatigue life must be estimated by
considering both the weld bead profiles and the residual stress data.
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Table 1. Mechanical properties of SM490A steel

FEC o1 A7} & 1B L% 2=
(kgjmm’) | g | O T T e
33 50 170]4 11 7
Table 2. Weld and heat treatment spec
SEE | GMAW
SEMI-AUTO ROBOT
1 pass 2 pass 3 pass
WA AFA 150 190 180
AV 103 105 105
&5
C/Min 29 10 10
Wire size | Diameter 1.2
Filler metal spec: AS.18
Z
FHAZ | Clasification: AWS ER 708-6
A4ek | Backhand
Holding temp.: 590£20°C
<4 * @ | Holding time : 1 Hour
Heating and cooling rate: 120C/h
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Fig. 1. Profile measurement points
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Fig. 2. 1/8 FEM model of a butt weld specimen
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Fig. 3. Butt weld bead profiles in as-welded with heat treatment
specimens



ST HIC YL OV 8Y AEY 24T AF U7
UAWEYYELH H7H F22 20044 127

Table 4. K; and bead profile data in as-welded with heat treatment

As-welded with heat treatment

A u.'i E jj radius degree height Kt
E 1 4 0064 | 47.002 | 1.863 2472
5 2 8 1671 | 38886 | 1.777 1.449
i 3 5 0.184 | 40592 | 1718 | 1.958
5 8 0384 | 38271 1.925 1.921
6 4 0340 | 44277 | 1953 2.047
7 8 0225 | 59.893 | 2.161 2.171
Fig. 4. Butt weld bead profiles in as-welded without heat treatment 10 4 1.290 57.836 1.869 1.684
specimens T 8 0165 | 39727 | 1850 | 2053
13 6 0251 | 50831 | 2777 | 1935
Table 3. Average and standard deviation results 14 3 0.379 37.775 1.501 1.893
| p h
~ AAY 40.4097 1.68748 2.04002 Table 5. K and bead profile data in as-welded without heat
BT AN | 423652 | 1e0m3 | 2284 treatment
wznA AAY 7.79182 0.92650 032123 As-welded without heat treatment
; AAN | 828479 | 072574 | 049182 A s ;}j radius | degree | height K,
ol GRulel A Abole] BFIZFE fe} wmo] Hae 2 3 1856 | 52143 | 1921 1.487
3 5 1987 | 43.077 | 1815 1.449
Ao WAE p el SV ol hel F3E A% 3, 4 5 1 1.551 | 44.893 | 2245 1.550
o} ol A BaL A} X AEFS AV 8 1491 | 44668 | 208 | 1.539
SHAIRE AAY 9} AAN Al 9 2134 | 42173 | 1867 | 1.847
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7 1.422 47.898 2.965 1.639
11 2 1.846 36.654 1.910 1.447
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0.112 49.641 2.465 2.863
2.113 '30.353 1.485 1.359
1.607 51.065 3.143 1.617
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Fig. 5. Experimental S-N curve and data
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Fig. 6. Estimated S-N curves for the as-welded with heat treatment
specimens
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Fig. 7. Estimated S-N curves for the as-welded without heat
treatment specimens
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ASTM E466, standard test method for conducting constant
amplitude axial fatigue tests of metallic materials.
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