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Abstract. Fused silica glass is widely used in many important area as optical component, such
as aerospace, biomedicine and chemical production. However, the rupture and smash during
the machining process caused by low fracture toughness of the material limited its machining
efficiency. In this paper, the grinding force and surface topography of fused silica glass was
studied by single grain scratching test. It was found that the smash and exfoliation happened on
low grinding speed and caused wide scratch while smooth surface generated at high grinding
speed.
Introduction
With the high transparency, optical homogeneity and chemical stability, the fused silica glass
was applied in many important area such and used as the material for large aperture optical
component. However, traditional machining method could not meet with the high surface
quality requirement because of the high hardness and fracture fragility and low facture
toughness of the material. At the same time, the material strength are close to its elastic limit, so
the component will breaking easily when the load excess its own elastic limit, the crack and the
pit made from the machining process would influence the quality of the component
significantly. Therefore, it is important to study the grinding mechanism of fused silica[1-3].
Griffith studied the mechanism of crack growth and gave out the criterion for it[4]. Mott and
Roberts investigated the kinetic equation of dynamic fracture problem[5-8]. Kirchner reported
that the movement of grinding particle in real grinding process and simulated the normal
tangential component of the surface elastic stress field[9,10]. Warnecke found the grinding
result was closely related to the removal mechanism of the material[11]. Thonggoom found the
brittle fracture happened after serval times of scratching[12]. Keep in view of the previous
work reviewed above, it is important to study the grinding mechanism for optical glass to
improve the surface quality and processing efficiency. In our research, the cup wheel grinding
model of hard and brittle material was built, the grinding process of fused silica glass was
analyzed by finite element simulation. The grinding force and surface topography of fused
silica glass was studied by single grain scratching test. It was found that the smash and
exfoliation happened on low grinding speed and caused wide scratch while smooth surface
generated at high grinding speed. The grinding force by experiment meets well with the result
from grinding model.

Experimental section
The diamond tool for single grain grinding test was designed and shown in Fig. 1. The tool
arbor was made by 40 Cr and the tool bit is made by aluminum alloy. Four abrasive particles
were added and the rotating diameter is 18mm. Kistler 9257B three-dimensional dynamometer
was used in the experiment and the grinding force was recorded in x, y and z direction. The
fused silica tested in the experiment has the diameter of 200 mm, the density is 2530kg/m3, the
shear modulus is 0.15 GPa and the extension strength is 150 MPa. In order to simulate the liner
velocity of the single grain on grinding wheel, the rotating speed was set between 5000-20000
r/min

Fig. 1 The diamond tool for single grain grinding test: a) the picture of the diamond tool, b) the
component diagram of the diamond tool.
The Kistler dynamometer was fixed on the platform of the machine tool and the fused silica
glass was fixed on the dynamometer. The planeness was adjusted to less than 1 μm before the
experiment. The rotating speed was set at 5000, 8000, 12000, 15000 and 18000 r/min and the
grinding depth was set at 2, 5, 8, 10 and 15 μm. The fused silica glass was examined by
NANOVEA-ST400 three dimensional non-contact surface profilometer and HPCCD30 ultra
depth field optical microscope after the experiment.

Fig.2 The experimental device
Result and discussion
The normal force and tangential force of the grinding test was recorded and shown in Fig. 3. It
could be found that both the normal force and tangential force decreased with the increase of
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the rotating speed, with the larger grinding depth, the normal force and the tangential force
increased dramatically. When the rotating speed exceed 12000r/min, the influence of grinding
depth and rotating speed on the grinding force became weak, which meets well with the high
speed grinding theory.
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Fig. 3 The Normal and tangential force of the grinding experiment with different rotating speed
The surface of fused silica glass after grinding was characterized by NANOVEA ST300 3D
topography with the area of 1mm*1mm, the scanning frequency was set at 1000 Hz and the step
was 5 μm. It could be found that when rotating speed is at 5000r/min, lot of cracking and
breaking happened at the edge of the scratch. With the increase of the rotating speed, the edge
of the scratch became smooth and the surface quality became much better than that of low
speed. That could be due to the higher energy and higher grinding force that lead to cracking
and breaking when rotating speed is at lower state.
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Fig. 4 The 3D topography of fused silica glass surface with different grinding wheel speeds

Fig. 5 showed the surface of fused silica glass when grinding with different grinding depth. It
could be found that the grinding depth didn’t show strong influence on the surface quality.
When increasing the grinding depth, the increase of the grinding force is mainly due to the
increase of the cutting layer thickness.
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Fig.5 The 3D topography of fused silica glass surface with different grinding depth
Conclusions
In this paper, the fused silica glass was tested by single grain grinding experiment. The
grinding force was recorded and the grinding surface of fused silica glass was examined. It was
found that with the increase of the rotating speed and grinding depth of the single grain, both
the normal force and the tangential force increased dramatically. When the rotating speed is
higher than 12000r/min, the influence of rotating speed on grinding force became weak. More
cracking and breaking happened with lower rotating speed, which maybe due to the higher
energy and grinding force at low speed. The grinding depth didn’t effect the surface quality of
fused silica glass significantly.
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