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Abstract: The Workbench software was used to establish a parametric finite element model of the
torque shaft. Through modal analysis and comparison with the transfer matrix method, the first six
orders of natural frequency and corresponding limit speed were obtained to verify the rationality of
the structure and speed design. The harmonic response analysis illustrated that resonance
invalidation should consider the first natural frequency. In addition, the response surface design
and Latin superpower square sampling methods were used to realize the sampling analysis of the
structure and material parameters. The BP neural network technology was used to fit the functions
of first order natural frequency, solving the reliability sensitivity of each random parameter. The
first order second moment and Monte-Carlo simulation were used to calculate the reliability at a
specific speed and to find out the biggest influencing factor on the dynamic reliability, thus laying
a foundation for the robust optimization design of shaft.
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Fig. 1 Transmission system of MG750 shearer cutting
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Fig. 2 Structure dimension diagram of torque shaft
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Table 1 The first six order natural frequencies and
speed of torque shaft
BB AL WA/ Hz B/ (r-min”")
1 58.297 3497. 82
2 58. 304 3498.24
3 319. 260 19 155. 60
4 319.310 19 158. 60
5 651. 110 39 066. 66
6 818. 490 49 109. 40
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Table 2 Comparison of natural frequency results
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Table 3 Random parameters

28 M beiEE 28 W R
d,/mm 80 0.4 L,/mm 103 0.051
d,/mm 60 0.3 L,/mm 80.3 0.4015
dy/mm 80 0.4 Ly/mm 147 0.735
d,/mm 452 0.26 L,/mm 1010 5.05
D,/mm 36 0.18 r/mm 8 0.04
D,/mm 25 0. 125 h/mm 5  0.025
L,/mm 200 1 E/GPa 200 10
L,/mm 150 0.515 || p/(kg-m™) 7800 390

1.0
0.5

¥EREE x 10°
S
W (=]

1
—_
(=]

T

I
—_
(9]

pEd LiLgd,D,d L,d, D, L L,L, r h
BEpLAE B
6 HSHXTEFMENM
Influence of each parameter on the natural
frequency
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Fig. 8 Comparison of training results and expected values
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Fig. 9 Sample data fitting error
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Fig. 10 Frequency reliability curve of torque shaft
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Table 4 Reliability comparison
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Fig. 11 Mean sensitivity of FOSM method
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