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Abstract In order to achieve the accurate measurement and control of grinding force in the blade
grinding process a new measurement method of three-dimensional and orthogonal grinding force
with mutual orthogonal and independent elastic elements was put forward and a three-dimensional
grinding force measurement platform of resistance strain was designed based on the high dynamic
characteristics of grinding force. The performance of the measurement platform was verified
through the mathematical derivation with the related formulas of material mechanics the finite
element simulation with Workbench and the actual testing experiments. The results showed that
the above methods can effectively alleviate the dynamometer’ s inherent contradiction between its
natural frequency and sensitivity and significantly reduce the measurement platform’ s coupling
degree among the grinding force measurements in different directions which may provide
technical support for achieving the real-time accurate detection of high frequency grinding force.
Key words blade grinding grinding force dynamometer -elastic element modal testing
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: Fig. 1 Three-dimensional dynamic grinding force
80 m/s measurement platform
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Table 1 Performance index of the three-dimensional
dynamic grinding force measurement platform 3
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Fig.2 Mathematical model of the measurement platform
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Fig. 3 Meshing figure of the measurement platform
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Fig. 4 Modal figure of the measurement platform
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Table 2 Natural frequency table of the measurement Workbench
platform
/Hz
1 4274
4.3.1 Z
2 4292
Z
3 7127
F=1N 5
4 7137
A /mm A5 /mm
13037 x 10° Max 1.3037 x 10°° Max
[ 11589 % 10° [ 11589 x 10°
[ 10140x 10° [ 10140 10°
[ 86915 % 107 7 86915 107
72429 x 107 7.2429 x 107
r 5.7943 x 107 r 57943 x 10”7
[]43457 107 [ 43457 107
2.8972 x 10”7 2.8972 x 107
1.4486 x 107 1.4486 x 10”7
0 Min 0 Min
50 100
5 Z
Fig. 5 Deformation nephogram in Z direction load
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Fig. 6 Deformation nephogram in X direction load
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Fig. 7 Coupling figure in Y direction load 9
Fig. 9 Experimental facility of modal testing
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Fig. 8  Coupling figure in Z direction load Table 3 Modal information of the measurement
platform
X /Hz /%
0.71% .
1 3834.09 1.42
5 2 4414.77 1.24
3 4709. 09 1.07
4 6176. 14 1.47
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Fig. 11 Modal shape of the measurement platform
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Fig. 12 Datagram of three-directional cutting force
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