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Study on Crack Growth and Fatigue Life Prediction of Heavy-Haul
Locomotive Coupler Knuckle
Dai Yunlong, Chang Chao, Ouyang Jianbo, Gao Xueshan, Shi Kaizhi, Zhang Zile
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Abstract: To address fatigue crack propagation and life assessment of coupler knuckles under heavy-haul
conditions, a crack growth life prediction method based on stress intensity factor range (AK) evolution is
proposed. First, statistical analysis of in-service locomotive coupler data is performed to identify crack-prone
regions and spatial distribution. A three-dimensional finite element model of the coupler knuckle is established
to obtain stress field under loading conditions, and key analysis regions are determined with crack initiation
locations. A three-dimensional surface crack model is introduced to evaluate stress intensity factor distribution
along the crack front. Crack growth behavior is described using Paris law, and an incremental integration-based
fatigue life prediction model is developed. Results show that cracks are mainly concentrated at the pin hole
edge and traction lug transition region, consistent with high-stress regions from finite element analysis. The
stress intensity factor range AK shows non-uniform distribution along the crack front, with peak concentration
within about 1 mm beneath the surface. With increasing load eccentricity, the AK distribution is reconfigured,
leading to higher crack growth rate and reduced fatigue life. The proposed method enables fatigue life
prediction from crack initiation to failure. Compared with traditional nominal stress or empirical damage
models, the proposed method describes three-dimensional non-uniform evolution of AK at the crack front and
establishes relation between crack driving force and remaining life under load eccentricity conditions.
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Tab.l1 Crack Damage Distribution of the Coupler Knuckle
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Fig.1 Crack Morphology at the Traction Lug of the Coupler Knuckle
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Fig.2 Crack Morphology at the Pin Hole Region of the Coupler Knuckle

LI IR B2 FLBE AN )« e R 52K Jm B i a3k R o, ARGy ey 1 By — e REALIE
HAAEZ RO BT IMIR, HUILRE AR E %

3) R X SRR SUE B

FEIRI LA DX, R0 E BRI R 5 R RS, AR W] R0 L R i sh IRz, skt 7 9
i Ay 1 PR T B 2

S -

& 3 s EiEEEMX R
Fig.3 Damage Morphology at the Contact Region of the Knuckle Striking Face
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Fig.4 3D reconstructed solid model of the coupler Fig.5 Finite Element Mesh Model of the Type Coupler
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Table.2 Mechanical Properties of Grade E Cast Steel
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Fig.6 Boundary Condition Setup
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Fig.7 Schematic Diagram of Load Application
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Fig.8 Stress Contour Plot of the Coupler under Typical Operating Conditions
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Fig9 Experimental results of fatigue crack growth and Paris law fitting for Grade E cast steel
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Fig.10 Submodel Construction and Crack Introduction Schematic Diagram
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Tab. 2 Coupler Load Spectrum of 20,000-Ton Trains on the Shuohuang Railway
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