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Properties of ELID Mirror-Surface Grinding for Single Crystal Sapphire Optics
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This study has been focused on application of ELID mirror-surface grinding technology for
manufacturing single crystal optic sapphire. Single crystal sapphire is a superior material with
optic properties of high performance as light transmission, thermal conductivity, hardness and so
on. Mirror-surface machining technology is necessary to use sapphire as optic parts. The ELID
grinding system has been set up for machining of the sapphire material. According to the ELID
experimental results, it shows that the surface of sapphire can be eliminated by metal bonded
wheel with micron abrasives and the surface roughness of 60nmRa can be gotten using grinding
wheel of 2,000 mesh in 4.5um, depth of cut. In this study, the chemical experiments after ELID
grinding also has been conducted to check chemical reaction between workpiece and grinding
wheel on ELID grinding process. It shows that the chemical reaction has not happened as the
results of the chemical experiments.
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Fig. 1 Molecular structure and crystal structure of
sapphire material
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Table 1 Specification of experimental equipments
YGS-63A SANSEI
#170,#2000 | #400,#1200
Diamond

Machine
Mesh No.

Abrasive

Bonding ]
material Cast iron

Power Supply ED-910
Grinding Fluid CG-7
Workpiece Sapphire

Grinding
Wheel

Bronze
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Fig. 2 Experimental setup for ELID grinding system
using reciprocal surface grinding machine
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Fig. 3 Experimental setup for ELID grinding system

using surface grinding machine with rotary table
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Fig. 4 Pictures of Measurement devices for evaluate of
DIAVITE DH-6, Mobile
surface roughness tester, b. Mitutoyo SJ-400,
surface roughness tester, c. Microscope, d. JSM-
5600LV, SEM )

ground  surface(a.

Table 2 ELID Grinding Condition

Wheel | Mesh | Depth |Grinding| ELID Condition
Binder No. of cut time IP(A) |Voltage
#170 Sum 60min
Cast Iron -
#2000 2um | 240min
" 10 120
#400 3um 90min
Bronze :
#1200 Sum 180min
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Fig. 5 Results of height measurement using #400
grinding wheel
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Fig. 6 Results of height measurement using #1200
grinding wheel
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Fig. 7 Pictures of workpiece and magnified ground
surface by microscope using #1200 grinding

wheel
0.6
o
2 L
§ 05
2
L 0.4y
=
=]
2 0.3
fo “+ #4400 #1200
® L
g 02
5
@ gy A
l// ""'-x_._i_,_—l
0 1 1 1
Up Down Right Left

Measurement Point

Fig. 8 Results of surface roughness measurement on
ground surface of section A
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Fig. 9 Results of surface roughness measurement on
ground surface of section B
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Fig. 10 Results of SEM and EDS analysis of ground
surface using #2000 grinding wheel

Table 3 Elements on ground surface after ELID grinding
using #170 grinding wheel
Weight | Weight | Atomic
(%) (%) (%)
Sigma

Element| App | Intensity

Conc. | Corrn.

CK 8.47 | 0.4088 | 20.71 0.45 15.68

OK | 14349 | 12746 | 112.57 | 043 63.97

AlK | 57.58 | 0.9535 | 60.39 0.18 20.35
Totals 193.68

Table 4 Elements on ground surface after ELID grinding

using #1200 grinding wheel
Element| App |Intensity Weight | Weight | Atomic
(%) (%) (%)
Conc. | Corrn. Sigma
CK 7.81 | 0.3931 | 19.86 0.46 15.58
OK |133.20 | 1.2519 | 106.40 | 0.42 62.66
AlK | 59.78 | 0.9626 | 62.11 0.18 21.69
PK 0.26 | 1.1093 | 0.23 0.04 0.07
Totals 191.87
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