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Mass center measurement system based on torsional frequency measurement
of five—wire pendulum
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Abstract: The test mass (TM) is a key component of the inertial sensor in the space gravitational wave detection
instrument, which is a cube with a side length of 46mm and a mass of about 2kg. In order to reduce the influence
of the mass center deviation on the accuracy of inertial sensor, it is necessary to measure the mass center deviation
of the TM accurately. Because the deviation of mass center of TM is only 3.75um, the former method of mass
center measurement can’t meet the requirement of measurement precision, it is proposed to measure the deviation
of mass center indirectly by measuring the natural frequency of torsional vibration of five-wire pendulum with
high precision. Firstly, through the dynamic analysis of the five-wire Pendulum, the functional relationship
between the offset of the mass center and the natural frequency of the five-wire pendulum is given. Based on this,
the precision requirement of natural frequency measurement is analyzed. Then, the method of measuring torsional
angular displacement of five wire pendulum with diffraction grating and quadrant detector was introduced. Then
the electromagnetic driver based on electromagnetic coil and permanent magnet was designed by modeling and
electromagnetic simulation. Finally, the torsional vibration natural frequency of the five-wire pendulum was fitted
according to the recorded angular displacement data. The experimental results show that the measurement
accuracy of the natural frequency of the five-wire pendulum is 2.66x10°Hz, under the torsional vibration with an

initial amplitude of 3x10**rad. This system can meet the needs of measuring mass center by five-wire pendulum.
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