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Abstract: Using the spoke structure as the elastic element, an adjustable range fiber grating torque sensor is de-
signed. Two fiber Bragg gratings with different central wavelengths are symmetrically bonded on the upper and lower
surfaces of the elastic plate parallel to the axial direction, respectively, as sensing elements and reference elements.
By calibrating the relationship between the torque values and the central wavelength difference between the two re-
flecting elements, the influence of ambient temperature can be eliminated, and the self compensation function of
temperature can be realized. The elastic plate is connected with the inner wheel hub and the outer wheel hub by a
bayonet, and is fixed by bolts, and the structure is easy to be disassembled so the range of the sensor can be ad-
justed by replacing the elastic plate. The dimension of spoke structure is optimized by using the finite element sim-
ulation software. The finite element simulation and experimental results show that the strain of the elastic element
has a linear relationship with the central wavelength difference of two fiber gratings. When the range is 80 Nm, the
average sensitivity of the sensor is 27.1 pm/Nm, the correlation coefficient is 0.997, the repeat ability error is 3.23%
FS, and the hysteresis error is 1.03% FS.
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Fig. 1 Force condition of sensor. (a) Without force. (b) Affected by torque M.
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Fig. 2 One cross-section of elastic plate.
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Fig. 3 Diagram of spoke size.
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Fig. 4 Schematic diagram of double return groove elastic plate.
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Table 1 The finite element analysis results of different spoke size.

Inside hub outer Outer hub inner  Radial thickness Axial Stress intensity Maximum
Number diameter/mm diameter/mm /mm width/mm /MPa strain/pe
1 50 170 4 13 297 1934
2 50 170 4 15 266 1734
3 50 170 6 13 147 960
4 50 170 6 15 128 832

Unit mmimm
t i Time:1

Ty 2017-3-22 1507

M17-3-20 18:58
0.0023773 Max
00021132
0.001849
0.0015849
0.0013208
0.0010567 00021706
0.00079256 00014472
0.00052845 000072367
000026433 1754367 Min
2002307 Min

X z
0.00 100.00 (i
% — X
100.00 (mm) 50.00

50.00
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Fig. 5 Simulation results map. (a) Simulation results map of original spoke. (b) Simulation results map of new spoke.
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Table 2 Finite element analysis results of spoke structure.

Parameter

Double grooved spoke

Original spoke

Inside hub outer diameter/mm
Outer hub inner diameter/mm
Radial thickness/mm
Axial width/mm
Minimum axial width/mm
Stress intensity/MPa

Maximum strain/pe

45 45
235 235
4 4
15 15
7.5 15
1001 365
6511 2377

Coupling type spoke

A wire rope
/ Pulley and support seat

Breadboard

Farmar I

7
Spring dynamometer f)

H6 ZREILMTEA.
Fig. 6 Structure diagram of the experimental apparatus.

12.0 T T T T T T T T T T
1| = Average value of 160 Nm

1144 | 4 Average value of 80 Nm B
E 1 Fitting curve of 160 Nm
E 10.8+ ——Fitting curve of 80 Nm T
g ]
g 10.2 y=0.0271x+7.8569 g
E r
2 961 _
= 1 y=0.0112x+8.6078
Io) 9.0+ B
[} 4
g
= 8.4 b

7.8

M T T T T T M T T T T M T T T T M T
0 16 32 48 64 80 96 112 128 144 160
Torque/Nm

B 7 RO SRR AL b

Fig. 7 Fitting curve of fiber grating center wavelength.
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Table 3 Standard deviation of each torque gradient in the same stroke.

Standard deviation of

Standard deviation of reverse

Torque/Nm
positive stroke/nm stroke/nm
0 0.0005 0.0005
8 0.0235 0.0058
16 0.0126 0.0047
24 0.0120 0.0026
32 0.0120 0.0037
40 0.0120 0.0042
48 0.0162 0.0042
56 0.0141 0.0110
64 0.0094 0.0099
72 0.0251 0.0115
80 0.0251 0.0251

k4 E. BRATAFHEEEB AR EAL.

Table 4 The average calibration points and deviation values.

Positive stroke average

Reverse stroke average

Positive and reverse

Torque/Nm
calibration point/nm calibration point/nm deviation/nm

0 7.821 7.819 0.002
8 8.031 8.053 0.022
16 8.261 8.267 0.006
24 8.520 8.526 0.006
32 8.779 8.777 0.002
40 8.990 8.988 0.002
48 9.187 9.193 0.006
56 9.397 9.406 0.009
64 9.607 9.591 0.016
72 9.788 9.791 0.003
80 9.966 9.966 0
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