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Fast grinding of large SiC off-axis aspheric surface
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Abstract: A fast ultrasonic grinding for SiC off-axis large aspheres used in space remote sensors was
researched. The principle of grinding, the selection of diamond grinding wheel bond, the selection of
machine tool, and setting grinding parameters were analyzed, and the grinding process was designed.
A high precise model of off-axis aspheric surfaces was established on the basis of the principle of
reverse engineering, and the online testing method in fine grinding state for a large off-axis aspheric

mirror by a laser tracker was established. Combination with an engineering example, the model of a
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large SiC off-axis asphere with the aperture of 700 mm X 700 mm was established by the reverse

engineering principle, and it was grinded by ultrasonic method and measured by the laser tracker.
After 3 cycles (4 hours per cycle of grinding) , the PV value(45. 986 pm) and RMS value(7. 949 pm)

of the surface error are reduced to 12. 181 pm and 2. 131 pum, respectively. As compared with three

coordinate testing results, the errors of PV value and RMS value are 0. 892 3 pm and 0. 312 8 pm,

respectively. It concludes that the grinding technology realizes fast and high precise grinding for the

SiC off-axis large asphere and improves its machining precision, efficiency, and surface quality.
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Fig. 1 Principle of traditional ultrasonic fabricating method
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Fig. 2 Principle of ultrasonic grinding
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Fig. 3 Flow chart of SiC mirror grinding
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Tab. 1 Specifications of ULTRASONIC100-5 machine

Travel Resolution  Positioning
X axis 1 000 mm 1 pm 8 pm
Y axis 1 000 mm 1 pm 8 pm
Z axis 1 000 mm 1 pm 8§ pm
B axis —30~180° 0.001° 4"
Rotary C axis 360° 0.001° 4"
+Z
+Y’
+B

Kl 4 ULTRASONIC100-5 4544 fif 4]
Fig. 4 Schematic diagram of ULTRASONIC100-5
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Fig. 5 Relation between off-axis aspheric mirror and its

parent mirror
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Fig. 6 Off-axis asphere obtainned by converse strategy
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Tab. 2 Grinding parameters

Feed rate/

deep/mm (mm ¢ min~ ) (remin~ ") (r*min ")

Grinding Tool speed/Mirror speed/

Grinding stage

Coarse grinding  0.5~0, 8 800 5000 20
Semi finish grinding0. 1~0. 15 1000 6 000 25
Finish grinding 0.02~0,08 1200 6 500 30
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Fig. 8 Optimized tool path
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