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Influence of UIT on VHCF Performance of SMA490BW Steel Welded Joints
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Abstract: The welded toe surface of SMA490BW steel used to making bogie frame was treated using ultrasonic impact
treatment (UIT) technology. The effect of UIT on the very high cycle fatigue(VHCF) properties of the welded joints were
investigated. The microstructure of treated layer, geometrical morphology of weld toe before and after UIT, and grain
refinement were analyzed by means of metallographic microscope, SEM and TEM. The stress distribution of the welded joint
was calculated using finite element software, and the residual stress of weld toe surface area before and after UIT were
measured and analyzed using X-ray stress tester. Results show that under the condition of 5x10° cycles, the fatigue strength of
treated and as-welded joint is 206 and 153 MPa, respectively. The fatigue strength is increased by 34.6%. Under the condition
of 1x10° cycles, the fatigue strength of treated joint is 195 MPa, and the fatigue strength is increased by 38.3% compared to
141MPa of as-welded joint. Under the stress level of 240 MPa, the fatigue life of treated joint is enhanced to 7 times than that
of as-welded. After UIT, the stress concentration factor of weld toe is decreased by 19.1%, and the residual tensile stress in the
surface of the weld toe is eliminated, and it changes into the beneficial residual compressive stress, the surface microstructure
is refined. The three aspects of stress concentration of the weld toe, residual stress distribution and surface grain refinement
have played a positive contribution to improve the fatigue performance of welded joint.
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Table I Chemical composition of SMA490BW steel — (w/%)

Element C Si Mn P
Content  <0.18 0.15-0.65 <1.40 <0.035
Element S Cu Ni Cr
Content  <0.006  0.30-0.50  0.05-0.30  0.45-0.70

%2 SMA490BW RAY S M &8
Table 2 Mechanical properties of SMA490BW steel

Parameters Values
Modulus of elasticity / MPa 20 6000
Yield strength / MPa =365
Tensile strength / MPa 490-610
Elongation / % =19
AKV /J(~40 C) =27
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Fig.1 Dimensions and real sample of SMA490BW welded butt
joint
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Fig.2 Schematic diagram of ultrasonic impact treatment
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Fig.3 S-N curves of base metal, welded joints and UIT joints
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Fig.4 Geometrical features at weld toe before and after ultrasonic

impact treatment
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Fig.5 Principal stress contours of welded joints
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Table 3 Residual stresses in the weld toe of specimen

. Transverse residual Error/ Longitudinal residual Error/
Specimen

stress / MPa % stress / MPa %
Welded 11.13 13.51 20.32 10.59
specimen
Impact ~40.46 12.53 -23.59 10.78
specimen
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Fig.6 Optical cross-section morphologies of weld toe under different impact parameters



E ] fATFRR, 2. dB7S whab T SMA490BW A9 A5 et 31 8 v R 55 M R 1 5 iy 69

100 nm

(a) 1.5 A/10 min

100 nm

(c)2.0 A/10 min

200 nml

~ 100 nm#

(d) 2.0 A/20 min

K7 R SECT B R B R R ) TEM &

Fig.7 TEM images of the weld toe surface under different impact parameters
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