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Abstract: To identify the vibration characteristics of tie-rods in preloaded tie-bolt rotors with
curvic couplings, a tie-bolt frequency detuning method based on accelerometer-added mass was
proposed. An analysis was carried out to check the sensitivity of the bending natural frequency of
the tie-rod to the position of the accelerometer-added mass. Residual preload identification and
modal impact tests were performed for three different preloading methods: forward-sequence,
cross, and forward-reverse-sequence two-round preloading. A tie-rod beam element model with
added mass was established, and the Kolmogorov-Arnold networks (KAN) were employed to
predict the frequency response function and identify parameters under different preload
conditions. The results indicate that the resonance frequency of the tie-rod increases with the

increase of preload, while the added mass of the sensor reduces the resonance frequency up to
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8%. Forward-reverse-sequence two-round preloading significantly reduces the dispersion of the

tie-rod preload by approximately 10%, outperforming forward-sequence and cross preloading.

The KAN are able to effectively predict the frequency response function of the tie-rod under

different preload states, with a prediction error of less than 4.2% for resonant frequencies.

Moreover, the identified stiffness accurately reflects the vibration modal characteristics of the tie-

rod under preload detuning. Therefore, the experimental method and computational model are

reliable for identifying preloading parameters in practical engineering applications.

Keywords: tie-bolt rotor; modal tests; curvic coupling; Kolmogorov-Arnold neural network; parameter

identification
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Table 1 Bolt loading schemes for tie-bolt rotors with curvic

couplings
Y| =S PIE= 35k
WFm#E  1>2>3>4>5>6>7>8>9>10>11>12
TXME  1>7>4—>10>2—>8—>5—>11>3—>9—>6—>12
ERF  1>2>3>4—>5>6—>7>8—>9—>10—>11—>12
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Fig. 4 Effect of mass position on the first-order modal

frequency of tie-bolt
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Table 4 Original feature data of partial samples

S/ Hz ¢/mm
1005 0.036 0
1010 0.036 5
1015 0.0370
1020 0.0375
1025 0.0380
1030 0.0385
1035 0.039 1
1040 0.039 6
1045 0.040 2
1050 0.040 8
1055 0.0415
1060 0.042 2
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Table 5 Normalized sample feature data

f ¢

0 0.0105
0. 005 0 0.0107
0.010 1 0.0108
0.015 1 0.0109
0.020 1 0.0111
0.025 1 0.0112
0.030 2 0.0114
0.035 2 0.0116
0.040 2 0.0117
0.045 2 0.0119
0.050 3 0.0121
0.055 3 0.0123
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process of the prediction model
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