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Hydrodynamic grinding theory of fixed abrasive processing
Lin Bin, Wang Bo, Liu Pengfei, Zhang Xiaofeng
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Abstract: Mixed contact fixed abrasive processing was proposed in this paper for controlling the grinding
depth of a definitive tool and decreasing the tool switches frequency for the first time. Thus the
machining efficiency can be significantly improved. The transient isotherm hydrodynamic lubrication
equations of the liquid membrane between the tool and workpiece were established. Then explicit
difference algorithm was adopted. The numerical simulation was conducted to analyze the hydrodynamic
pressure and its distribution. The feasibility of controlling the grinding depth by the liquid membrane’s
hydrodynamic pressure was confirmed by the results. Because the hydrodynamic pressure increases with
decreasing maximum grinding depth and its distribution becomes flat. The hydrodynamic pressure
obviously increases with the inlet pressure, while its distribution becomes uneven. The influence of the
rotational speed is inconspicuous, because of the grinding tool surface topography and the processing
quality demand.
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Fig.2 Diagram of the contact of tool and workpiece
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Fig.3 Diagram of the calculation flow
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Tab.1 Parameters in the formulas

Parameters Value
Range of particle size [dgmin, dgra]/tm [50,63]
Value of abrasive flow rate Vy/% 55
External radius of the pad R,/mm 15
Inner radius of the pad R,/mm 5
Sector angle 6/rad 0.14
Radial grid spacing dr/pm 12.5
Circumferential grid spacing d6/rad 0.000 7
Pressure in the export area po./Pa 0
Viscosity under normal pressure mo/Pa-s 0.001
Density under normal pressure py/kg-m- 1000
Viscosity and pressure constant Z 0.68
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Fig.4 Tool topography approximation model and sampling result
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Tab.2 Relationship between hydrodynamic pressure
and maximum grinding depth

Maximum . Dynamic Peak of
rindin Film ressure in Total dynamic
g g thickness p. . dynamic d
depth h/um simulation ressure/N pressure
he/ pum » area/N P /MPa
30 3.82 0.010 0.446 0.657
25 8.82 0.024 1.074 0.155
20 13.82 0.059 2.668 0.103
15 18.82 0.191 8.549 0.297
10 23.82 0.351 15.763 0.586
5 28.82 0.713 32.003 0.134
1 32.82 0.737 33.087 0.167
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Fig.6 Relationship between hydrodynamic pressure distribution and

maximum grinding depth
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Tab.3 Relationship between hydrodynamic pressure

and inlet pressure

Pressure in the Dynamll? . Peak of
pressure in Total dynamic .
export area . - dynamic
simulation area pressure/N

pi/kPa N pressure/ MPa
100 0.059 2.668 0.103
200 0.119 5.335 0.205
300 0.178 8.001 0.308
400 0.238 10.667 0.410
500 0.297 13.333 0.513
600 0.357 15.998 0.615
700 0.416 18.663 0.718
800 0.475 21.327 0.820
900 0.535 23.990 0.923
1000 0.594 26.654 1.025
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Fig.7 Relationship between hydrodynamic pressure distribution and

inlet pressure
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Tab.4 Relationship between hydrodynamic pressure
and rotational speed

Angular Dynaml? . Peak of
. pressure in Total dynamic ]

velocity . - dynamic

simulation area pressure/N
wlrpm pressure/ MPa
IN

100 0.007 22 0.324 0.223
150 0.007 23 0.324 0.223
200 0.007 27 0.326 0.223
250 0.007 27 0.326 0.224
300 0.007 33 0.328 0.224
350 0.007 32 0.329 0.224
400 0.007 37 0.330 0.224
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Fig.8 Relationship between hydrodynamic pressure distribution and

rotational speed
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