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Fatigue Life Analysis of Tractor Steering Drive Axle Housing
Based on Field Measured Loads

ZHAO Xueyan ZHANG Qingyue WEN Changkai YIN Yiyong SONG Zhenghe
( Beijing Key Laboratory of Optimized Design for Modern Agricultural Equipment China Agricultural University Beijing 100083 China)

Abstract: When a tractor is working in the field its key components are usually subjected to harsh
geographical environment and weather conditions moreover the complex and variable loads these make
the key components of the tractor prone to fatigue failure. In order to accurately predict the fatigue life of
large-horsepower tractors and provide theoretical basis for the design of key components of tractors the
stress field intensity method was adopted to analyze the fatigue life of steering drive axle housing of an
88 kW tractor. The fatiguedife influencing factors including stress concentration size effect surface
quality and load characteristics were considered to optimize the traditional stress field intensity method.
Traditional stress field intensity method was optimized from three aspects 1. e. the relative stress
gradient the fatigue damage area and the measured load stress ratio in order to obtain the modified
S — N curve. The modified S — N curve was combined with the field measured load data to perform the
fatigue life analysis of the steering drive axle housing followed by comparing the prediction results of the
optimizing stress field intensity method with the traditional method. The fatigue life of the dangerous point
predicted by the optimizing method was 25 467 h while the fatigue life obtained from the traditional
method was 31 860 h. The comparison results showed that the optimized stress field intensity method was
more accurate since the perdition result was closer to the actual working life (24 000 h) . The research
result provided a more practical method for predicting the fatigue life of the key components of agricultural
machinery equipment.
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Fig.2 Technical roadmap of fatigue life analysis

method based on field measured loads
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Fig.3 Finite element model of steering axle housing
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Tab.1 Statistical value of stress at each measuring

point of steering drive axle

/ / / /
MPa MPa MPa MPa?
1 260. 09 257. 80 258.90 0.23
2 98.07 90. 34 93.63 0.65
3 102.29 96. 35 99. 16 0.77
4 266. 52 262.24 264. 60 0.42
5 72.82 66. 07 69. 60 0.25
6 38.44 35.79 37.16 0.17
7 38.96 35.26 37.58 0.24
8 74.34 66. 90 70.22 0. 60
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Fig.8 Measured load — time curve at measuring point 4
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“5‘! Tab.2 Stress gradient of steering drive axle housing
=2 and U-shaped standard notch specimen
) / /
MPa ( MPa*mm ") /mm !
11 U 254.27 -741.42 2.92
591.43 —1755.21 1.28

Fig. 11 Schematic of U-shaped standard notch specimen
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Tab.3 Comparison of S — N curve correction results of steering drive axle housing structure based on traditional

and optimized stress field intensity methods
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