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A multi—component force sensor has been developed to measure force and moment components in high—speed flow media for
submerged models, The size of the test model is determined based on the Reynolds number of the model at the test speed and
expected blockage effect, A two—component force sensor unit has been created by assembling pairs of column elements arranged
symmetrically under an eccentric load, The six—component force sensor is constructed with symmetric arrangements of two—
component force sensor units in a rectangular plane, The signals generated from the strain gauges attached to the surface of
the elements can be converted into force signals, The performance of the waterproof six—component force sensor has been evaluated
through calibration, A simplified interference decomposition procedure has been introduced to increase the accuracy of measurement,

Keywords : Multi-component force sensor(CHEE4A)), Sensing element(ZX|R24), Eccentric load(EAIGES), Waterproof type(2i4-S),
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Table 1 Estimated von Mises stress of six-component sensor
Fx Fy Fz Mx My Mz
MPa MPa MPa MPa MPa MPa

von
Mises | 254.03 | 247.54 | 40.79 | 86.35 | 88.06 | 190.97
stress
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Table 2 Estimated strains of multi-component sensor

Fx Fy Fz Mx My Mz

um/m | um/m | um/m | um/m | um/m | um/m
SFx | -444.9 0.1 -0.2 0.2 10.4 -0.2
SFy 0.4 |-424.4 -0.2 10.9 -0.4 -0.2
SFz -0.7 1.7 |-168.5 1.0 2.7 | -24.6
SMx 1.6 |-222.9 0.2 |-358.0 0.5 1.4
SMy 479.6 2.5 0.1 2.1 |-359.2 -2.1
SMz 0.3 -0.1 -0.1 0.2 -0.1| 255.6
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SFy 0.001 | -0.849 | 0.000 | 0.022 |-0.001 0.000
SFz [ -0.001 0.003 | -0.337 | 0.002 |-0.005 |-0.049
SMx 0.003 | -0.446 | 0.000 |-0.716 | 0.001 0.003
SMy 0.959 | 0.005| 0.000 | 0.004 |-0.718 |-0.004
SMz 0.001 0.000 | 0.000 | 0.000 | 0.000 | 0.511
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Fig. 10 Fx Loading and compensation of eccentric moment

Table 4 Calibrated voltage output of multi-component sensor

kzgf_fﬁn Fx Fy Fz | Mx | My | Mz

SFx 1300.00{308.66| -0.73| -0.58| -0.41| -6.68| 3.73
SFy [300.00f 1,53|301.28| 0.67| -8.19| —-2.30| -2.01
SFz [300.00f 8.81| 7.59|301.64| -4.12| -3.57| 12.33
SMx | 15.00| -0.37| -4.48| -0.13| 14.91| -0.13] 0.02
SMy | 15.00| -5.31| -0.25| -0.11| 0.12] 15.05| 0.02

Fig. 9 Photo of calibrator SMz | 15.00| -0.12| -0.40| 0.24| -0.11| -0.10| 15.08
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Table 5 Normalized interference between forces and moments

Fx Fy Fz Mx My Mz
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Table 6 Influence coefficients between forces and moments

Fx Fy Fz Mx My Mz
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UCE 047 2x} 0|2ZHE FASIH i=;0[H o, =10|22 4]
(7)2 A (9)2f Zo| ZAIE &= qlct Al (9)9] stz BHEE
2iekst AL (10)e] AL UL ¢, =—a,,, G, =—a, 2 AT}
SElsict
SFr = Fx
SFy=
SFz=F2

SMx = a, Fy+ Mz
SMy= ay, Frr + My

SMz = Mz
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Fxr=SFx

Fy=SFy

Fz=SF~z

Mz = G, SFy+ SMz

My= G, SFr+5My

Me= SM (10)
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Table 7 Decomposed interference coefficients

Fx Fy Fz Mx My Mz
SFx 1.00000 | -0.00005 | —0.00004 | -0.00004 | -0.00054 | 0.00028
SFy  |-0.00003| 1.00000{ 0.00000|-0.00029|-0.00000| 0.00001
SFz |-0.00058| 0.00007| 1.00000|-0.00015|-0.00001 | -0.00000

Table 9 Simply decomposed interference coefficients

Fx Fy Fz Mx My Mz

SFx 1.00000-0.00055-0.00203-0.00116/-0.00038 0.01219
SFy |-0.00347 1.00000 0.00199-0.00029-0.00792-0.00670
SFz |-0.01009 0.02515 1.00000-0.01364-0.01182 0.04086
SMx  [-0.02564 0.00323-0.00812 1.00000-0.01079 0.00103
SMy 0.01184{-0.01705-0.00805 0.00722 1.00000/ 0.00577
SMz  |-0.00766|-0.02646/ 0.01558-0.00696—0.00663 1.00000

M HW 2 Table 42| 7K40] 5% olstel BE A4S
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Table 10 Decomposition of interference induced by Fx and My
Fx Fy Fz Mx My Mz

SMx 0.00094| 0.00322| 0.00010| 1.00000| 0.00006 | -0.00000

actual loading 50 0 0 0 3.9 0

SMy 0.00903 | -0.00003| -0.00000| 0.00005| 1.00000| 0.00010

output signal [ 47.18 | -0.36 | 0.46 |-0.03| 3.00 | -0.08

SMz 0.00028 | -0.00001 | 0.00000 | -0.00009 | -0.00002| 1.00000

Table 8 Selectively decomposed interference coefficients

Fx Fy Fz Mx My Mz

SFx 1.00000—-0.00054{-0.00203-0.00116{-0.00054 0.01219
SFy [-0.00347| 1.00000 0.00199-0.00029-0.00792-0.00670
SFz |-0.01009 0.02515 1.00000/-0.01364{-0.01182 0.04086
SMx |-0.02564 0.00323-0.00812 1.00000-0.01079-0.00103
SMy 0.00904{-0.01704-0.00805| 0.00722 1.00000f 0.00574

full decomposition| 48.86 | 0.02 [-0.01| 0.07 | 3.86 |-0.03
selective decomp.|48.85|-0.37 | 0.46 | -0.03| 3.86 |-0.08
simple decomp. | 48.48 | -0.37| 0.46 |-0.03| 3.84 | -0.08

Table 11 Decomposition of interference induced by Fy and Mx
Fx Fy Fz Mx My Mz

actual loading 0 100 0 -7.8 0 0
output signal 1.52 |103.70| 2.06 | -9.33|-0.02|-0.68
full decomposition| 1.76 | 99.38 | -2.11 | -7.84| 0.15 | -0.60

selective decomp.| 1.52 | 99.44| 2.06 |-7.84| 0.00 | -0.68

SMz  |-0.00766/-0.02646| 0.01558-0.00696/-0.00663 1.00000

simple decomp. | 1.51 [ 98.59| 2.06 |-7.76| 0.00 | -0.68
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