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The Characteristics of Ultra Precision Machining of Si and Ge
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ABSTRACT

Single point diamond turning technique for optical crystals is reported in this paper. The main factors influencing the
machined surface quality are discovered and regularities of machining process are drawn. Optical crystals have found more
and more important applications in the field of modern optics. Optical crystals are mostly brittle materials of poor
machinability. The traditional machining method is polishing which has many shortcomings such as low production
efficiency, poor ability to be automatically controlled and edge effect of the workpiece. SPDT has been widely used in
manufacturing optical reflectors of non-ferrous metals such as aluminum and copper which are easy to be machined for their
proper ductility. But optical crystals being discussed here are characterized by their high brittleness which makes it difficult
to obtain high quality optical surfaces on them.

The purpose of cur research is to find the optimum machining conditions for ductile cutting of optical crystals and apply
the SPDT technique to the manufacturing of ultra precision optical components of brittle materials. As a result, the cutting
force is steady, the cutting force range is 0.05-0.08N. The surface roughness is good when spindle is above 1400rpm, and
feed rate is small. The influence of depth of cut is very small.

Key Words : Brittle materials(F]/d A1 8), SPDT(2 23 tho]obZ = Auh), Non-ferrous metal(®] M A &), Cutting
force(2 21 #), Surface roughness(¥ # A A 7])
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Fig. 1 Diagram of set up for measuring force
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Table 1. Cutting condition

Item

Cutting speed(rpm)

Cutting condition
800, 1000, 1200, 1400,
1600,1800, 2000,2200, 2400
1,2,4,6,8, 10
0.1,0.5,1,2,4,6,8,10
20 kg fieo’
Air+EDM oil

Feed rate(mm/min)
Depth of cut(zan)

Vacuum pressure

Cutting fluid
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Fig. 2. Dynamic cuiting force versus spindle speed
(depth of cut: 5 m, Feed : 5mm/min)
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Fig. 5 Surface roughness versus spindle speed
(depth of cut: 5 ¢m, Feed : Smm/min)
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Fig. 6 Surface roughness versus depth of cut
(spindle speed: 1400rpm, Feed: Smm/min)

323 OlEHT Yo e EHAHAY

Fig. 7& F%3 A+ 1400rpm, Atz o] 1 moll
A old&x WHaldl WE Si% Ged EW A
€ JEH A Ged A9 olgEm whal
AA AMAo]l EW A7 WA Sie AL
Gedl B3] 23] TRAAZIA U= AL B

7 Ut olAL Sivt Gedl v FHAlo] sl

gEolzty waEth Sit dmm/min o]t
3molste) Fe P EW ALE 2 5 e

RS A Az AN Fe o]$ 8o F
gelts 482 4€ + A% A FAE 24 o
A9 o] WA A uHTFEY Wyl
dFE vl FH Adxeke Zlol 3o BH
kY gteF 3 A7 Ze goz @Y A
A 999 o] FFHE FEL FopA mA7

< o] AFIA] RE otk FT ML wa
YA FFA 7k SASEE, © w9 FYM =
vl Ede] datsts 9 BASAT, t (e 9 ¥
HollMs FFEo] 7 glol 24U o) A
A maty AG7EEE oled WM $3
g0k a2iu, o AXE dEE 7 ol$Efo
AEF 7F FAF wat JTA 19N Fa
. Aol F&go] AP B AAHE o
AL AFEY R FF olFgo] FojHgd 7}
¥ Wl ke AHelA dAIEAl 2 atd]
duse HHS 48 Uk

AR A=Y =2

.
\__

=778~

E
£
Z
o
o
e s
£
o>
:
M
3 /
]
e [
5 —
w21 e
e
[ —

1 . —

T N T
8 2 3 8 10

4
Feed rate(mmimin)

Fig. 7 Surface roughness versus feed
(Spindle speed: 1400rpm, Depth of cut: 5Sum)
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