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Model of Grinding Force Based on Stress Concentration Theory
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Abstract

Stress concentration theory was introduced into study of grinding, and the stress concentration
phenomenon in grinding process was analyzed. A single-grit model of grinding force was established based
on stress concentration theory. The influence mechanism of grit-wear-area rate on cutting force was
clarified with the model. Functions between grinding force and grit-wear-area rate was established. The
functions showed the quadratic function relationship between grinding force and grit-wear-area rate, and
the increase of the cumulative residual-grinding-thickness results in the rapid increase of normal grinding
force. Furthermore, by taking the feature of the grinding wheel in use into consideration, functions of
grinding force for multi-grit grinding wheel was established. The validity of the model was verified by the
experimental data.
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Fig.2  Simplified model of stress concentration in grinding
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Fig.3  Curves of grinding force in plunge surface grinding
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Fig.4 Curves of grinding force vs wear-area rate of grits
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Tab.2 Radial grinding force vs wear-area rate of grits

WK BHRmBE A% HEE/N iR g B /N
1 4.959 1 868. 1 1868.3
2 5.152 1945.8 1945.8
3 5.737 2200.6 1785.8
4 5.503 2095.3 2196.0
5 6.089 2366.7 2434.6
6 6.397 2520.3 3231.0
7 6. 381 2512.3 2936.7
8 6.463 2554.0 2907.6
9 6. 450 2547.7 2514.2
10 6.342 2492.2 3248.6
11 6.762 2712.2 2897.2
12 6.725 2692.3 2689.0
13 6.521 2584.5 2290.4
14 6.679 2 667.6 2690.5
15 6.751 2706.2 2710.6
16 6. 691 2674.2 2775.8
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Tab.3 Tangential force vs wear-area rate of grits

WA BRI A% HRAE/N W /N
1 4.959 169.9 179.2
2 5.152 182.7 185.8
3 5.737 221.3 179.2
4 5.503 205.9 201.3
5 6. 089 244.6 229.9
6 6.397 264.9 312.6
7 6. 381 263.8 298.5
8 6.463 269. 2 282.8
9 6. 450 268. 4 266. 8
10 6. 342 261.3 289.3
11 6.762 289.0 284.8
12 6.725 286.5 264. 1
13 6.521 273. 1 233.8
14 6.679 283.5 256.7
15 6.751 288.3 250. 4
16 6.691 284.3 341.5
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Fig.5 Curves of sawing force vs sawing area
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