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Abstract: Based on thermal stability and vibration stability, an ultra stability structure of rigid support is
designed and optimized. Through the finite element modal analysis of ANSYS, the thermal expansion variation and
the characteristic frequency of the support is verified. The support is fixated to the ground by using the method of
concrete grouting and then the characteristic frequency is tested. The test results show that the characteristic frequency
of the support reaches up to 61.9 Hz and the vibration amplitude is less than 30 nm, both of which meet the design
requirements. Finally, the method of dynamic stiffness testing is adopted to obtain the stiffness value of the concrete
grouting, and the accuracy of the optimization results of the support is further verified.
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Table 1 Material parameters

material coefficient of thermal expansion / C™"  Poisson’s ratio modulus of elasticity / GPa density / (kg'm?)
Invar 4732 0.63X10° 0.23 145 8140

SUS 304 1.7X10° 0.31 193 7750

concrete 1.4X107° 0.18 30 2300
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Fig. 6 Schematic diagram of connection modes of BPM support
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Table 2 Simulation results of different fixed modes of BPM support

simulation natural frequency / Hz

1*(longitudinal ) 2"(lateral )
ground bolt 38.7 107.4
part grout 63.8 132.5
full grout 66.7 135.9

0.000 0.450 0.900 m 0.000. 0.450 0.900 m
0.225 0.675 0.225 0.675
(a) 1% vibration mode (b) 2" vibration mode

Fig. 7 Modal simulation results of BPM support
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Table 3 Modal test results and simulation error of BPM support
e BPM support body
fixation experimental natural frequency / Hz simulation error/%
IEPE accelerometer mode 1 2 I 2
(longitudinal ) (lateral ) (longitudinal)  (lateral)
§\ grouting material ground bolt 16.9 48.4 129 122
part grout 55.5 104 15 27
full grout 61.8 107 8 27

Fig. 8 BPM support modal test
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Fig. 9 Modal test results of BPM support
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Table 4 Test and simulation results

stiffness / N-m-rad ™' simulation natural frequency / Hz simulation error/%
1*(longitudinal) ~ 2"(lateral ) 1(longitudinal) 2"(lateral ) 1*(longitudinal) ~ 2"(lateral)
ground bolt 23X10° 2.2X10° 16.8 48.5 0.6 0.2
part grout 9X10° 2.1X107 55.5 103.5 0 0.5
full grout 3.4X107 2.5X107 61.9 107.1 0.2 0.1
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Fig. 13 BPM support longitudinal vibration response curves
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Fig. 14 BPM support transverse vibration response curves
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£S5 EXEERI@EMIKXLER ( RMS 1~100 Hz )
Table 5 BPM support vibration response test ( RMS 1~100 Hz )

measurement simulation
longitudinal lateral longitudinal lateral
ground/ BPM . ground/ BPM . ground/ BPM . ground/ BPM .
ratio ratio ratio ratio
nm support/nm nm support/nm nm support/nm nm support/nm
full grout 19.5 62.8 322 23.7 29.4 1.24 19.5 47.6 2.44 23.7 273 1.15
part grout 22.6 82.49 3.65 233 29.6 1.27 22.6 59.4 2.63 233 273 1.17
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Fig. 16 Modal simulation results of optimized BPM support
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