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Dynamic Torque Measurement Technique Using Laser Doppler Effect
and Two-Section Speed Fluctuation
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Abstract Based on laser Doppler effect and principle of rotational dynamics, a novel approach to dynamic torque
measurement is proposed. Mathematical model of measurement method is deduced. Four highly coherent laser
beams irradiate four points of two sections of rotating shaft by designed optical measurement system. Backscattered
lights with Doppler frequency shift are mixed onto the surface of photo-detectors, heterodyning takes place, and the
output current is modulated. The photocurrent frequency difference is proportional to rotational velocity. Speed
fluctuation values of rotating shaft segment and relative speed fluctuation values of between sections are obtained
directly by measuring instantaneous rotational velocity of double sections in two successive times, and then dynamic
torque values are obtained. Experimental results indicate that the identification values of dynamic torque are
improved 5% ~ 10%, which reflects the dynamic characteristic of torque fluctuation. Compared to conventional
measurement approaches, this approach can promote the dynamic measurement range, and is more real-time,
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Fig. 1 Optical monitoring system
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Fig. 2 Experiment table
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Table 1 Experiment data N+'m
Rotational Serial Laser JN338-A Absolute Relative
speed /(r/m) number measurement measurement difference error § / %

1 | —131. 74| | —125. 81} 5.93 4,71

2 81. 46 77.43 4,03 5.20

3 109. 16 101. 09 8. 07 7.98

4 | —181. 21] | —172.55] 8. 66 5.02

5 75.03 71. 36 3. 67 5.14

300 6 | —138.91] | —129. 81| 9.10 7.01

7 179. 85 168. 84 11,01 6.52

8 | —98. 16 | —92.01] 6.15 6. 68

9 | —124. 43| | —117. 25| 7.18 6.12

10 191. 62 180. 48 11.14 6.17

1 148. 36 137. 26 11. 10 8.09

2 | —193. 29| | —181.03] 12. 26 6. 77

3 | —155. 73] | —145.17] 10. 56 7.27

4 158. 61 146. 40 12,21 8.34

5 186. 32 176. 16 10. 16 5.77

600 6 | —144. 80| | —135. 78] 9.02 6. 64

7 | —146.56] | —134.06] 12. 50 9.32

8 95.13 91. 25 3. 88 4,25

9 172. 39 161. 34 11. 05 6. 85

10 | —128. 21} | —120.17] 8.04 6. 69
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