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Performance test of piezoelectric actuators for space inertial sensors
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Abstract: In order to ensure the normal operation of space inertial sensors in orbit it is necessary to ensure
the test mass is fixed during launch to prevent collision with the surrounding capacitor plate. It must grab the
test mass after reaching its predetermined orbit and precisely release it in its correct position with minimal re—
sidual velocity such that it remains free{loating. In this paper a piezoelectric linear actuator that is used to
grab the test mass is designed customized and tested for performance. The test results show that the custom—
ized piezoelectric actuator can achieve a minimum step size of less than 1 nm but the step length stability er—
ror is large; the maximum driving force at 150 V of input is 72 N; the single stepping drive force is stable;

during the process of fixing the test mass the driving force is stable and the deviation in its stability is

0.16% . These findings meet the needs of the grabbing positioning and release mechanisms.
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Fig.2  Schematic diagram of driving principle and pie—

zoelectric stack packaging
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Fig.5 Prototype of piezoelectric linear actuator
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Fig. 8 Deformation nephogram of flexible sheet

1
Tab.1 Maximum deformation and maximum stress of
flexible sheet under different forces
/ /
N mm MPa

1 10 0.008 428 4.3955
2 20 0.016 855 8.798 1
3 30 0.025 281 13.207
4 40 0.033 704 17.623
5 50 0.042 124 22.045
6 60 0.050 541 26.473
7 70 0.058 953 30.905
8 80 0.067 360 35.343
9 90 0.075 761 39.786
10 100 0.084 154 44.232
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Fig.9 Relationship between maximum deformation and

force for flexible sheet
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(a) Measuring curve of single step under 0.1 V driving voltage
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(b) Measuring curve of single step under 0.01 V driving voltage
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(d) Measuring curve of single step under 0.0002 V driving voltage
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(e) Measuring curve of single step under 0.0001 V driving voltage
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Fig. 10 Measuring curves of step length under various

driving voltages
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Tab.2 Average step length of actuator at different volt—
ages
/V /nm

1 0.1 10.23

2 0.01 3.40

3 0.001 1.60

4 0.0002 0.85

5 0.0001 0.81
1 nm TM ~ o
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Fig. 11 Step length measurement system
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Tab.3 Step stability deviation of actuator under differ— i
ent driving voltages 1
A
v (%) 0 20 40 60 80 Z/SIOO 120 140 160 180
1 0.1 13.48 2
2 0.01 13.09 Fig. 12 Testing curve of maximum driving force
3 0.001 34.06
4 0.0002 58.68
5 0.0001 49.38
3
0 50%
13
Fig. 13 Driving force testing system
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