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Generation and characteristic analysis of high accuracy
electromagnetic calibration force
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Abstract: The generation of high accuracy calibration force is one of the key factors for high precision measurement of micro thrust. With
the advantages of non-contact, structure simplicity, control easiness and etc. , electromagnetic force has become an effective method to
generate calibration force in micro thrust measurement system. Aimed at the performance requirements of electromagnetic calibration
force in micro thrust measurement, the effect of relative position changes between the magnet and the coil on the magnitude of the
electromagnetic force is focused. The output characteristics of the electromagnetic force with vertical distance, radial deviation, relative
angle changes are obtained by simulation: the electromagnetic force is symmetric along the central axis of the magnet and will become
larger when the relative angle and the radial deviation are not zero; the electromagnetic force increases first and then decreases when
axial distance increases. Based on the balance weighing method, a 3-D adjustable electromagnetic force measurement device is designed
and a zero adjustment method of axial distance, radial deviation and relative angle is proposed. Relatively complete mechanical
properties are obtained by the piecewise fitting method, the problem of large relative error in small calibration force output is solved. The
control relationship between the electromagnetic force and the current is obtained, and the relative position variation range is specified.
The new concepts such as insensitive angle, insensitive radial deviation, insensitive axial distance section and etc. are put forward,
which provide specific parameters for performance characterization of the electromagnetic force generating device.
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Fig.1 Top view of torsional pendulum calibrated

by electromagnetic force
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Table 3 Calibration force’s relative error at

d,=1.5~3 mm
HL I/ A HL 1 1/ mN AHXT 522/ %
0.004 0.117 705 13.674 607
0.044 1.223 417 1.315 638
0.084 2.329 129 0.691 063
0.124 3.434 841 0.468 602
0.164 4.540 553 0.354 489
0.204 5.646 265 0.285 069
0.244 6.751 977 0.238 386
0.284 7.857 689 0.204 841
0.324 8.963 401 0.179 572
0.364 10.069 113 0. 159 853
0.404 11.174 825 0. 144 036

LI/ A HLf S/ mN AR REE/ %
0.004 0.107 627 0.518 847
0.008 0.220 600 0.417 246
0.012 0.333 573 0.348 920
0.016 0.446 546 0.299 823
0.020 0.559 519 0.262 839
0.024 0.672 492 0.229 393
0.028 0.785 465 0.173 565
0.032 0.898 438 0.139 592
0.036 1.011 411 0.116 741
0.040 1.124 384 0. 153 646
0.044 1.237 357 0.116 741
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Table 5 Calibration force’s relative error at
1=0.044 ~0.404 A

L/ A HLf S/ mN AR REE/ %
0.044 1.232 278 0.769 314
0.084 2.330 480 0.736 679
0.124 3.435 895 0.499 670
0.164 4.541 311 0.378 044
0.204 5.646 727 0.304 037
0.244 6.752 142 0.254 262
0.284 7.857 558 0.218 492
0.324 8.962 974 0.191 545
0.364 10. 068 389 0.170 515
0.404 11.173 805 0.153 646
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