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Abstract: With the advantages of high automation, wide drilling adaptability, good mobility and high drilling
efficiency, truck-mounted hydraulic drilling rig is widely used in coal bed methane extraction wells, water wells and so
on. As an important component of the drilling rig, the mast supports the power head for rotary drilling. The vibrational
stability of the mast has very important influence on the reliability of the drilling rig. Through modal analysis, the
natural frequency and the modal amplitude of the mast are determined, and the results show that the resonant
phenomenon may occur. Through the topological optimization analysis of the mast and according to the actual functions
of the mast, the optimal model is obtained. The static structural analysis and the modal analysis results show that the
optimization effect is remarkable, which meets the structural strength requirements and avoids the occurrence of
resonance. The finite element analysis of the mast provides theoretical support for the structure design of the mast, and
provides a modern mechanical structure design method.
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Fig.1 Simplified structure of the mast
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Table 1 Performance parameters of the material
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Fig.2 Finite element model of the mast
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Fig.4 Modal vibration of the first six natural

frequencies at free vibration
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Fig.5 Diagram of load and displacement constraint
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Table 3 The first six natural frequencies and

amplitudes at prestress
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Fig.6 The first six modal vibration at prestress
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Fig.7 Result of topology optimization
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Fig.8 Three-dimensional optimized model of the mast
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Table 4 The first six natural frequencies and amplitudes

(148 [ A7 4% /Hz PR IE /mm
1 6.6436 0.9790
2 7.5221 0.9530
3 22.211 1.5958
4 62.406 1.4822
5 68.722 1.3653
6 79.649 3.2573
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Table 5 Comparison of the first six natural frequencies
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5 68.7220 26.0320 62.12
6 79.6490 29.4600 63.01
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