In-process measurement of wear of grinding wheel
by hydrodynamic pressure
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1. Introduction

Wet grinding is one of the major ways of high-
precision machining. An error factor in grinding is
wear of a grinding wheel. In order to reduce machining
error, in-process measurement of grinding wheel wear
is required. A number of methods for the in-process
measurement of the wear of a grinding wheel have
been studied:

(1) contact measurement with an AE sensor [1] for dry
and wet grinding,

(2) noncontact measurement

a) with a triangular sensor [2] for dry grinding,

b) with an air micrometer [3] for dry grinding,

¢) with an ultrasonic sensor [4] for wet grinding.

Grinding fluid usually causes difficulty in the wear

measurement of the grinding wheel.

On the other hand, a grinding wheel drags grinding
fluid into a small gap between a grinding wheel and a
workpiece during wet grinding so that hydrodynamic
pressure is generated in the gap [5]. Hence, the
hydrodynamic pressure has been studied to investigate
effects on machining accuracy in precision grinding or
grinding performance [6].

In this paper, an in-process measurement method
for the wear amount of a grinding wheel in wet
condition is proposed. Grinding fluid is actively used
to measure the wear in this method. The measurement
principle is investigated by using a metallic disk for a
trial. Then, accuracy in measurement of actual grinding
wheels is discussed.
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Fig. 1 Simplified model of slider and plane

2. Principle of measurement

A plane and a slider are arranged face to face with a
small angle as shown in Fig. 1. The gap between the
plane and the slider gradually narrows towards the
moving direction of the plane. The gap is filled with
viscous fluid. The plane moves in parallel with itself.
Because the plane drags the viscous fluid into the gap,
the hydrodynamic pressure is generated. Since the
hydrodynamic pressure changes by the distance of the
plane and the slider, the gap can be measured by
measuring the hydrodynamic pressure.

Fig. 2 shows the measurement principle in the case
of applying to a surface grinding process. A pressure
sensor is set around a grinding wheel. Hydrodynamic
pressure generated in the gap is measured with the
pressure sensor. After we calibrate a relationship
between the gap and the hydrodynamic pressure, the
gap can be measured. Because the electromagnetic
properties of the grinding wheel, a workpiece and
grinding fluid do not affect the hydrodynamic pressure,
the measurement process by this method becomes
easier and more accurate than the measurement
process with other noncontact sensors. Because the
grinding fluid is actively used, other additional devices
are not needed.

Suppose Fig. 1 to simplify a model of the system to
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Fig. 2 Measurement principle
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Fig. 7 Pressure distribution along x axis
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Fig. 8 Influence of mesh size

Fig. 7 shows an example of a pressure distribution
along the x-axis. Minimum gap is changed to 0, 10 and
20 mm. The hydrodynamic pressure becomes
maximum at x = +1.5 mm. Hereafter, we measure the
hydrodynamic pressure at x = +1.5 mm.

Fig. 8 shows a relationship between an average of a
hydrodynamic pressure and a minimum gap length.
The minimum gap length is changed from 0 to 100
mm. Grinding wheels are rotated at 28.7 m/s. The
hydrodynamic pressure on actual grinding wheels
changes in the same way as that on the disk. When a
grain size is large or a bond has many pores, the
average gap length becomes large so that the
hydrodynamic pressure decreases.

Repeatability of the hydrodynamic pressure is
investigated by using D#400 and WA#800. Fig. 9
shows a relationship between a hydrodynamic pressure
and a minimum gap length, and a difference between
the maximum and minimum pressure at each gap by
using D#400. Results of 5 repetitive measurement are
displayed in the figure. The maximum difference
among measured pressure and an average pressures is
equivalent to a gap error of 0.7 mm. Repeatability for
WA#800 is almost the same as the repeatability for
D#400.

5. Conclusions
An in-process measurement method for wear of a
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Fig. 9 Repeatability of measured pressure

grinding wheel in wet condition is proposed in this
paper. Conclusions can be drawn as follows:
(1) As a gap length increases, the hydrodynamic
pressure is decreased.
(2) Repeatability of the hydrodynamic pressure is less
than 1 %.
We will investigate influence of dressing, dulling or
loading on the hydrodynamic pressure in actual
grinding process.
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