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Transient dynamics and fatigue analysis of the mast of rotary drilling rig
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Abstract; In order to get the change rules of the fatigue life of mast and the cutting thickness when the rotary
drilling rig digs into rock, this paper establishes the mathematical model of loads for the drill bit based on the theory
of short auger bit into the rock, which simulates the load of short auger bit into the composite rock in MATLAB,
then applies the obtained load to the analysis of the transient dynamic response of the masts, and obtains the stress
of a node of mast. The fatigue life of mast is calculated with Miner fatigue damage theory. The results show: in the
range of cutting thickness, the stress of the mast increases with the decrease of cutting thickness. And with the

same decreasing amplitude in cutting thickness, the stress on the mast decreases gradually.
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Fig. 1 The load corresponding to the maximum cutting

thickness of composite rock
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Fig. 2 Rotation speed corresponding to minimum cutting
thickness of composite rock
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Tab.1 Maximum cutting thickness and minimum cutting

thickness of composite rock

Fefihnin B/ MPa s /NTHIEREE /mm Fe K YTHIR B /mm

1 000 16 10
800 22 13
650 18 30
490 40 22
350 52 31
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Tab. 2 Four different cutting thicknesses corresponding to

composite rock
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Fig. 3 Stress-time history of different cutting thickness

of composite rock
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Tab.7 Fatigue life estimation of guyed mast
under working condition 1
RINEE BN JEFRIK
R N N, 4545 D
S./MPa S, /MPa ¥ n
1 6. 388 54. 50 49 7.813 8E7 4.61e7
2 18. 860 68. 16 29 4.442 9E7 4.73e7
3 31. 332 79. 82 29 3.516 9E7 4. 83e7
4 43. 803 91. 47 23 2.063 2E7 1.503e6
5 56. 275 103. 13 5 1.280 1E7 1.56e7
x8 MAEHBHIR2 THESEGHE
Tab. 8 Fatigue life estimation of guyed mast
under 2 working condition 2
R BN PESRIK
K ) i N: 4 D
S./MPa S, /MPa #f n,
1 6. 859 61. 84 55 3.880 4E7 6.96e7
2 20. 546 80. 11 40 2.046 OE7 2.004e6
3 34.232 95. 38 20 1.408 2E7 1.704e6
4 47.919 109. 64 17 9.394 E6 1.171e6
5 61. 605 127.91 7 7.315 E6 2.051e6
x99 MHAEHHEIRI THESEGHE
Tab. 9 Fatigue life estimation of guyed mast
under working condition 3
L NI PRI JEIRIK
HHL N #fiw N; 45 D
S./MPa S, /MPa #f n,
1 7.561 68. 41 63 2.046 2E7 1.906e6
2 23.051 83.28 29 1. 332 8E7 2.101e6
3 39. 540 101. 16 22 8.476E6 1.652¢6
4 54.029 119. 03 8 5.840E6 5.651e6
5 68.519 138. 90 12 4. 146E6 7. 24e 7
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Tab. 10 Fatigue life estimation of guyed mast

under working condition 4

BRSPS PEERK

2B S,/MPa  S./MPa % n, & N B D
1 8.619 73.25 73 1.175 8E7 4.082¢6
2 25.559 91. 26 26 8.407 E6 4.163e6
3 42.499 109. 27 25 5.348 E6 2.992¢6
4 59. 440 127. 28 9 4.558 E6 3.730e-6
5 76. 380 145. 29 10 3.20E 6 4.063¢6
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