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Figure 1 (Color online) Schematic diagram of GRS and TM with its surrounding electrodes. (a) Schematic diagram of GRS; (b) TM with its

surrounding electrodes.
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Figure 2 (Color online) Schematic diagram of the capacitive sensing and electrostatic servo control circuits in LISA program [25,26].
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Figure 3 (Color online) Schematic diagram of the four movements of the torsion pendulum. (a) Torsion; (b) swing; (c) tilting; (d) bouncing. Point P
is the suspension point of the suspension fiber, and point P’ is the connection point between the support shaft and the suspension fiber. Point G is the
center of mass of TM and the support shaft, L is the length of the suspension fiber, and L’ is the length from point G to point P'.
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Figure 4 (Color online) Schematic diagram of single-mass one-level
torsion pendulum [29,30].
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Figure 5 Schematic diagram of single-mass one-level torsion pendu-
lum assembly [29].
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Figure 7 (Color online) Torsion pendulum for charge management
system evaluation [34].
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Figure 8 (Color online) (a) Schematic diagram of the torsional torque conversion of a single-mass one-level torsion pendulum; (b) schematic
diagram of the torsional torque conversion of a four-mass one-level torsion pendulum; (c) schematic diagram of four-mass one-level torsion pendulum
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assembly [38].

HH B
HaR

L

SPEECIERFRR

'L meEesE

fE&1LGRS ERERERGEE

E t'

10 (P8 IR ) ol 21 BRLS OR 2 kol ) D ot o — L4
R

Figure 10 (Color online) Schematic diagram of the four-mass one-
level torsion pendulum assembly developed by the University of Florida
[41].
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Figure 11 (Color online) Schematic diagram of the two-mass two-
level torsion pendulum developed by HUST [47].
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Research progress on torsion pendulum in ground testing of
gravitational reference sensor: a review
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Space gravitational wave detection has become a hotspot in international cosmological research. The European and
American Laser Interferometer Space Antenna space gravitational wave detection program and China’s Taiji and Tianqin
space gravitational wave detection programs are rapidly developing with simultaneous cooperation and competition. As
the core load for space gravitational wave detection, gravitational reference sensors must undergo corresponding ground
testing before being launched into orbits. To understand the research progress of ground testing of gravitational reference
sensors using a torsion pendulum at home and abroad, this article briefly introduces gravitational reference sensors and
their torsion pendulum-based test methods, summarizes the research progress of the use of torsion pendulums at home
and abroad, and provides a review of the use of torsion pendulums to test gravitational reference sensors. The
development trend of gravitational reference sensors for ground testing is proposed to provide a reference for their
development and ground testing for the Taiji space gravitational wave detection program.
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