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ARTICLE INFO ABSTRACT

Article history:

A wheel dynamometer was installed between the rim and axle hub to measure the

Received 17 July 2017 forces and moments applied to a vehicle. The wheel dynamometer was composed

Revised 1 August 2017 of sensing and signal processing components. Because the sensing component

Accepted 1 August 2017 contained a complex structure to sense the six components of the forces and

moments and the wheel rotated along with the vehicle movement, sophisticated

Keywor ds: signal processing hardware and a software algorithm were used. The strains and

Vehicle the calibration matrices of the wheel dynamometer along the wheel rotation angle

Wh?el (‘1ynamorrhleter were investigated using FEM. From the analysis, the calibration matrices were

Calibration matrix simplified using a spline interpolation. Based upon these results, the signal

Spline interpolation processing component could be effectively designed and the firmware software
could be simplified.
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Table 1 Wheatstone bridge output at 22.5 deg (unit: 1m/m)

Fx = 10 kN Fy = 10 kN Fz = 15 kN Mx = 5 kNm My = 5 kNm Mz = 5 kNm
ErB1 8.046 -10.496 0.000 0.000 0.000 -140.603
Err 0.000 0.000 27.580 94.751 -115.275 0.000
erp3 -5.061 -12.218 0.000 0.000 0.000 -140.611
EIR3 0.000 0.000 27.576 -62.502 -125.245 0.000
erps -13.111 -1.732 0.000 0.000 0.000 -140.603
€IRrs 0.000 0.000 27.580 -128.725 -21.900 0.000
erpt -8.046 10.496 0.000 0.000 0.000 -140.603
ELR7 0.000 0.000 27.580 -94.751 115.275 0.000
B9 5.061 12.218 0.000 0.000 0.000 -140.611
ELR9 0.000 0.000 27.576 62.502 125.245 0.000
erp 13.111 1.732 0.000 0.000 0.000 -140.603
Err11 0.000 0.000 27.580 128.725 21.900 0.000
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Table 2 Calibration matrix at 22.5 deg (unit: force; N/(um/m), moment; Nm/(j1m/m))

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

1.5347E+02 | -4.9312E-13 | -9.6410E+01 | 5.4283E-13 | -2.4996E+02 | -4.8200E-14 | -1.5347E+02 | -4.3926E-13 | 9.6410E+01 | 4.5093E-13 | 2.4996E+02 | 4.8779E-14
2.0002E+02 | -1.3692E-12 | -2.3274E+02 | 1.4316E-12 | -3.2900E+01 | -3.3231E-13 | 2.0002E+02 | -9.8396E-13 | 2.3274E+02 | 1.0023E-12 | 3.2909E+01 | 1.5458E-13
37150E-14 | 9.0654E+01 | -3.5844E-14 | 9.0641E+01 | 1.4625E-13 | 9.0654E+01 | 12568E-14 | 9.0654E+01 | -3.5057E-14 | 9.0641E+01 | -5.0747E-14 | 9.0654E+01
1.O69IE-13 | 7.9514E+00 | -4.1628E-14 | -5.4048E+00 | -14554E-13 | -1.0944E+01 | -1.OSI7E-13 | -7.9514E+00 | 4.0441E-14 | 5.4048E+00| 1.4800E-13 | 1.0944E+01
“1.8931E-13 | -9.7099E+00 | -1.3838E-13 |-1.0681E+01 | 5.4416E-14 | -1.9611E+00 | 1.8770E-13 | 9.7099E+00 | 1.3655E-13 | 1.0681E+01 | -5.0083E-14 | 1.9611E+00
-5.9266E+00 | 5.1115E-15 | -5.9270E+00 | 4.6717E-15 | -5.9266E+00 | 4.1390E-15 | -5.9266E+00 | 3.7962E-15 | -5.9270E+00 | 4.2344E-15 | -5.9266E+00 | 4.7685E-15
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Table 3 Coefficients of the spline curve for X°(4,2)

a(l) a(2) a(3) a(4)
fi(z) 0.00000689363805 -0.00206085841057 -0.06152477549141 10.30052821000000
fo(z) -0.00001058491574 -0.00159553784223 -0.14379369117938 7.95143403700000
f3 (x) 0.00005558327356 -0.00231001965459 -0.23166873485773 3.78776614700000
fi(z) 0.00000834504736 0.00144185131094 -0.25120252258969 -1.96109961200000
f5(x) -0.00000262070526 0.00200514200785 -0.17364517291684 -6.78816383900000
fo(x) -0.00001083225633 0.00182824440284 -0.08739397867629 -9.70992855900000
f(z) -0.00001228711052 0.00109706710079 -0.02157446984467 -10.87413052000000
fs(@) 0.00002656550029 0.00026768714068 0.00913250058832 -10.94412374000000
fo (x) -0.00000689363805 0.00206085841057 0.06152477549141 -10.30052821000000
fio (x) 0.00001058491574 0.00159553784223 0.14379369117938 -7.95143403700000
fu(@) -0.00005558327356 0.00231001965459 0.23166873485773 -3.78776614700000
fro(@) -0.00000834504736 -0.00144185131094 0.25120252258969 1.96109961200000
fis(@) 0.00000262070526 -0.00200514200785 0.17364517291684 6.78816383900000
fu(z) 0.00001083225633 -0.00182824440284 0.08739397867629 9.70992855900000
fi5(@) 0.00001228711052 -0.00109706710079 0.02157446984467 10.87413052000000
fi6(@) -0.00002656550029 -0.00026768714068 -0.00913250058832 10.94412374000000
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