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Development of Multi-Degree of Freedom Carbon Fiber Plate Force/Torque Sensor
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A force/ftorque sensor using carbon fiber plate was designed and developed to make the sensor
be able to measure a wide range of multi degree of force and torque. Using carbon fiber plate of
0.3 mm thickness, the sensor was designed and developed, which has a uN level order of
resolution and about 0.01 N ~ 390 N of wide measurement range. The elastic deformation part
has a tripod plate structure and strain gauges are attached on the part to detect the force/torque.
The coefficient of determination for the sensor is over 0.955 by the calibration experiment so that
the linearity of the sensor is confirmed to be good. Also, experiments on applying 0.005 ~ 40 kg
(0.05 ~ 390 N) to each axis were implemented and the sensor is proved to be safe under a high
load. Finally, to verify the function calculating the direction of load vector, the directions of various
load vectors which have the same magnitude but different directions and the directions of the
calculated load vectors are compared and analyzed to accord well.

Key Words: Force/Torque Sensor (&2/£3 M Af), Carbon Fiber (Et2 4 F), Prepreg (22| =8| 1), Coordinate Measuring
Machine (CMM) Touch Probe (3 A2 £&7| E{XZZ2E)
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Fig. 1 The strain-stress curve of carbon fiber prepreg and
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Table 1 Mechanical properties for materials

. . | Aluminum | Stainless | Caron fiber prepreg
Material
(2024) | steel (304) (3K, woven)
Y 9
OUES 71 GPa | 189.6 GPa 240 GPa
modulus
Yield
€ | 76 MPa | 241 MPa -
strength
Tensile
0.179 GPa | 0.586 GPa 4.4 GPa
strength
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Upper spring holder

Upper tip holder

Lower tip holder

Lower spring holder

Fig. 2 Structure of the Carbon Fiber based force/torque

z

sensor

Fig. 3 Schematic of carbon fiber prepreg spring

Table 2 Specification of carbon fiber prepreg spring

Spring material Carbon fiber prePreg
(3K woven plain)
T 11 mm
I, 22 mm
b 10 mm
Thickness 0.3 mm
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Fig. 4 Results of FEM analysis for the sensing element

under force in Z-direction
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Fig. 5 Prototype of carbon fiber plate force/torque sensor
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Fig. 6 Concept of force/torque calibration
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Fig. 8 Sensitivity results of the force calibration
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Td3 AYs YAt a1 A, 2HAdd Table 4 Comparison between the arbitrary load vectors
292 BAANY A9E xysto], 2ol o and the calculated load vectors.
oy o o HA4E 4 AUk 2E, BAAH Load Carbon fiber plate
gz o] Afoe AEHoE FHo] JHs3t force/torque  sensor
. Force 1] o Force 2] ¢
Table 3 & 7B JV/EA AA S FEiHd et (mN) | (© ©) (mN) ©) ©)
= Yegar Qa, Ho A3 A= 2.87 %ol 0.00 0.00 521.45 -2.01 4.17
vlele. ezl 4&skd v /= A 4 120.00| 0.00 | 520.14 | 121.02 | 525
SA LAt wSEt e sles Wk 240.00| 0.00 | 51134 | 237.51 | 4.15
13 R = 3o ugk FISARG RS 513.98
zx%e:],]‘_ _}ji 29 T]/]—E}L]—“Q]N—Lj}-j—a] :I-ng}“ 60.00 | 30.00 | 521.11 58.42 27.90
ol Cor 60.00 | 60.00 | 532.15 | 57.94 | 62.14
el A7t SFetAl vEd o=
AR, = AN E o) /\Eﬂﬂ?_]ﬂlol 60.00 | 90.00 | 531.61 61.02 93.13
Ao] BAOI SO PaA W, g 928 A
%]g e ;sz; 7]1—41%]:} e | ° Table 4 = Fig. 70 LFEIH A3 gubatel 3

Stainless steel

dber prepreg

Fig. 10 Comparison between stainless steel and carbon
fiber prepreg

Table 3 Interference error of each sensor

Sensor Interference error (%)
FM Mx My Fz
Mx=1.22 Nm - 0.09 -0.41
My=1.22 Nm 0.12 - 0.34
Fz=49.00 N 2.11 2.87 -

. ZzHol A g ¢“"?ﬂ=°i A 758 AaE 9
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A& W WEA M 4" 549 Fx, Fy,

2 230 jl“‘r(end effecter)‘ﬂ] Z—}%OP“— o,
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28 F J& Aotk g} o] AFA, gol
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A48 4 g7 WEd Aoz Ayz7bE.
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ek o AW FE FARE AFAN AAE
43 S QU sted, 7
= WA Feol ald & A st

Fig. 11 A test for wide measurement range of the carbon
fiber plate force/torque sensor
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Table 5 Test for errors of the carbon fiber plate
force/torque sensor with various standard

masses
Carbon fiber plate

Test Mass | Force(N) or | force / torque sensor
(kg) |Torque(Nm)| Output | Accuracy

) (%)

0.00501 | 0.00123 0.00118 4.06
0.05203 | 0.01275 0.01248 2.09
0.23201 | 0.05684 0.05486 3.48

Mx 0.51502| 0.12617 0.12478 1.10
1.002 0.245 0.243 1.13
N TS 00s | 1226 1.187 3.18
10.002 2.450 2.479 1.17
20.002 4.900 4.953 1.08
40.002 9.800 9.861 0.63
0.00501 | 0.00123 0.00120 2.23
0.05203 | 0.01275 0.01255 1.58
0.23201 | 0.05684 0.05493 3.36

My 0.51502| 0.12617 0.12437 1.43
1.002 0.245 0.244 0.67

N TS 00a | 1226 1239 1.06
10.002 2.450 2.504 2.18
20.002 4.900 4.998 1.99
40.002 9.800 9.850 0.51
0.00501 | 0.04910 0.04710 4.06
0.05203 | 0.50986 0.48610 4.66
0.23201 | 2.27357 2.20270 3.12

Fz 0.51502 | 5.04691 4.87500 3.41
™) 1.002 9.819 9.457 3.69
5.004 49.036 47.156 3.84
10.002 98.014 94.196 3.90
20.002 196.008 193.479 1.29
40.002 391.997 390.164 0.47
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