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Abstract: On the basis of requirements of the closed-loop driving system in a liquid suspended rotor
gyroscope for measurement of rotor speeds, a Back-electromotive Force (EMF) rotating speed detec-
tion method is proposed for the suspended rotor gyroscope. As induction coils work on Lenzs law, the
rotating speed of rotor can be measured by detecting the back-EMF generated by a permanent magnet-
ism (p-m) rotor. Because the detecting coil and driving coil share the same stator core, this method
reduces the complexity of the stator, but also introduces a burr interference from the driving rectangu-
lar wave. The interference signal is then attenuated by an analog low-pass filter and sampled by an A/
D converter. Finally, the rotating speed of rotor can be calculated automatically by using a Micro-con-

troller Unit (MCU) and the zero crossing detection algorithm. The test results show that the relative
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error of detected value can be within 0. 3%, and the nonlinear error is 0. 41% when a refresh frequen-

cy is 4 Hz and the rotating speed reaches 5 000 r/min. The performance meets the requirement of ro-

tating speed detection.

Key words: micro gyroscope;suspended rotor;rotating speed measurement; back Electromative Force

(EMF); embedded algorithm
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Fig.1 Driving system of liquid-suspended rotor gyroscope
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Fig. 2 Mechanical structure of liquid-suspended rotor

gyroscope
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Fig.3 Connection among the stator coils
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Fig. 4 Shaping of back-EMF signal
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Fig.5 Block chart of gyro driving and detecting system
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Fig. 6  Amplitude of back-EMF signal ws rotating speed
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Fig. 7 Measured rotating speed ws real rotating speed
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Tab. 1 Test results of back-EMF detection system
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R/(r * min ) f/Hz E/mV R../(remin ') /(r+ min ') /%
1 1 000 16. 8 19. 88 15 —985 —98. 50
2 1 500 25.0 24.54 15 — 1485 —99. 00
3 2 000 33.2 29. 31 1 965 —35 —1.75
4 2 500 41.8 33. 94 2520 20 0. 80
5 3 000 50.0 38.91 3015 15 0. 50
6 3 500 58.4 42,77 3510 10 0.29
7 4 000 66. 6 47.82 3 990 —10 —0.25
8 4 500 74.8 54. 20 4 515 15 0.33
9 5 000 83.2 58. 36 4 995 -5 —0.10
10 5 500 91.8 63.13 5 505 5 0.09
11 6 000 100. 2 68. 21 5 985 —15 —0.25
12 6 500 108. 2 71. 89 6 495 —5 —0.08
13 7 000 116. 8 77.22 7 005 5 0.07
14 7 500 125.0 81.48 7 500 0 0. 00
15 8 000 133.4 85. 04 7 995 —5 —0.06
16 8 500 141.6 89. 74 8 505 5 0. 06
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