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Abstract By changing the geometric parameters such as the size, shape ratio and depth of semi-elliptical surface cracks
and elliptical buried cracks in cross-welded joints and oblique welded joints commonly used in high-speed rail bogies, the
influence of the geometric parameters on the type I stress intensity factor K| at the crack front was analyzed by a contour integral
method. A mathematical expression for solving K, was fitted by a multivariate nonlinear regression method, and the sensitivity of
K, to the change of crack size and shape ratio was analyzed by a countour integral method. The results show that K increases with
the increase of crack and gradually diverges or converges according to the difference of joint and crack form. K; decreases and
converges gradually with the increase of the crack shape ratio. The location of the maximum point of K; was determined by crack
size, crack shape ratio and crack location. The error of the fitted mathematical expression for solving K; was within 5%, and the
accuracy is high. Among the four crack forms, the sensitivity of the surface crack K of the cross joint to the crack shape ratio is
obviously lower than that of the other three crack forms, and the sensitivity of the buried crack of the oblique joint to the crack
size is obviously higher than that of the other three crack forms.
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Fig. 1 Schematic diagram of the crack tip nodes
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(a)Schematic diagram of the cross-welded joint model
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(b)Schematic diagram of the oblique-welded joint model
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Fig. 2 Schematic diagram of two types of welded joint models
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Tab.1 Model dimensions data

A/mm B/mm C/mm H/mm L/mm [/mm 6/(°) &/(°)

N
T%‘B{% 12 12 350 194 80 15 45 50
Cross joint
Rk

) 12 12
Oblique joint
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Fig. 3 Countour area of the crack leading edge
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Fig. 4 Overall model of the cross joint
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Tab.2 Comparison of numerical simulation and calculation formula

results for the deepest point K|
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Empirical formula/(MPa*mm
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Numerical simulation/(MPa*mm'?)
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Fig. 6 K, of the surface crack of the oblique joint
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Fig. 7 K, of the buried crack of the cross joint
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Fig. 8 K, of buried crack of the oblique joint
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Tab.3 Simulation data, calculation data and errors of internal cracks of the cross joint

TPk L AL Surface crack of the cross joint

PSR EL Buried crack of the diagonal joint

N N £ sk 5z
Simulation result ~ Calculation result  Error/% Simulation result  Calculation result Error/%

0.8 6 0.136 0.139 2.10 0.7 5 0.654 0.653 0.13
0.8 9 0.300 0.306 2.14 0.6 5 0.695 0.690 0.69
0.8 12 0.543 0.527 2.78 0.5 5 0.739 0.729 1.41
0.8 15 0.797 0.803 0.79 0.4 5 0.777 0.769 0.98
1.25 5 0.079 0.080 1.43 0.8 5 0.613 0.618 0.83
1.875 5 0.065 0.065 0.87 0.8 7 0.700 0.712 1.71
2.5 5 0.055 0.055 0.09 0.8 9 0.759 0.773 1.89
1 5 0.087 0.088 1.45 0.8 11 0.812 0.802 1.15
0.8 5 0.095 0.096 0.98 1.5 5 0.430 0.424 1.32
0.6 5 0.102 0.103 1.42 1.875 5 0.376 0.357 4.99
0.4 5 0.112 0.112 0.11 2.5 5 0.294 0.303 3.05

R4 PXBAABRYHERE GTEBIENRE

Tab. 4 Simulation data, calculation data and errors of internal cracks of the oblique joint

I3k F T 2L Surface crack of the oblique joint

B L HIRT LA Buried crack of the oblique joint

ale ol (UEEAER AR R ole - PrELH AR =
Simulation result ~ Calculation result  Error/% Simulation result  Calculation result Error/%

1 5 0.513 0.514 0.21 0.8 3 0.332 0.332 0.01
0.8 5 0.589 0.598 1.60 0.7 5 0.502 0.515 2.58
0.6 5 0.689 0.693 0.59 0.6 5 0.541 0.548 1.27
0.4 5 0.826 0.800 3.23 0.5 5 0.591 0.582 1.42
0.8 3 0.444 0.461 3.93 0.4 5 0.631 0.619 1.96
0.8 7 0.726 0.724 0.32 0.8 5 0.478 0.483 1.05
0.8 9 0.801 0.839 4.65 0.8 4 0.401 0.401 0.01
0.8 11 0.961 0.943 1.88 0.8 5 0.478 0.483 1.05
1.25 5 0.429 0.424 1.05 1.5 5 0.314 0.313 0.10
1.67 5 0.340 0.314 7.58 1.875 5 0.273 0.257 5.61
2.5 5 0.230 0.238 3.67 2.5 5 0.211 0.218 3.37
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