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Micro-Crack Analysis from Ultra-Precision Diamond Turning of IR Optic Material
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Infrared (IR) optic lens can be fabricated by a single point diamond turning (SPDT) machine
without subsequent polishing process. However, this machining process often leaves micro-
cracks that deteriorate the surface quality. In this work, we propose an experimental design to
remove micro-cracks on IR lens. The proposed design gathered data between cutting process
condition and Rt surface roughness. This is of great importance because the scale of micro-
cracks is a few micrometer. Rt surface roughness is suitable for analyzing maximum peak height
signals of the profile. The experimental results indicate that feed per revolution variable is one of
the most dominant variable, affecting the generation micro-cracks on IR lens surfaces.
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diamond
(Nanotech 450 UPL, Moore technology)

Fig. 1 Ultra-Precision turning  machine

W AA7e gL gRE 9% staxd
Ao Mg gl

Al FE A 2 A2rEA A 53
of 7hd & A4S vAE 8L JtEaHd
Aste wAlgEeltt. AT ES TTY viEE
Ak Ft vl Hal, AT AAY 44 9
g2 A%k 3, 7t He AAguFe] o U
iAWy Fo] 9o A&EH1 o

2 AT = Ge, ZnS F oA A s %
A A27rEE JAdste] 7HE Q1A uwhE xd
Ad7] B4E Feotstn S4ATE EdZ 1A
TEY A #Eo] e HAY e s
Hep A7E FAs9
2. AEEA Y HY
2.1 AEFA
2.1.1 EFYUI37|

Fig. 12 2 H3A A& 24E7a7]=
MooreA}2] Nanotech 450 UPL Tlo]olE= X 2L7] A

Ol Holohte {1 X33zl

AmE o] Fr] o|FHTh XFL TV FH &
Aol 25 s, FEU 3 o
o A4gd z5e elsies $TE A4 £
2l @

o} B 5&7] A= JJEH 0 450 mm77]-7<] 7}g-o] 7}

s, 3% FA| Aol 7F 7Hs 3 CNC 7bE g o] )

e 0.01 nmo|t}. =AY 7h&
HF5 35+5%9 AUFo|H.

Fig 20 TW ALY 24 AwEA 9

Fig. 3 Diamond stylus surface roughness measurement
instrument (Form talysurf series 2, Taylor
hobson)

FHE3547] WYKO AM NT2000E A}-8-3F31
719l 54 Wsle FEgEes Hd 100
0 mm, =°] #eo 2= 0.1 nm - 150 nm©]
3l 5 0 1 nm©| o},
< OE x5Y A7 54 dEA
Talyer Hobson AF2] Form Talysurf Series 25 A}-8-3}
Atk tolotrs ® HEA Y SAH7IE 54
WHeE= 120 mmol ™, 352 0.86 nmT}.
Sl vE 7 Fo SAEHE AH8ete]
A Rt opye Al g wAd

MEHE BNT 5 ARS sl

Aol A }% } Table 13} 2ol
7bEZA e W A7) (Ra, Rt #hS ¥ ws}
Atk

Ge, ZnS AAlE AWl vdFE Ve &



ok

IS LSS5 X| A 337 M 11 = pp. 905-910

November 2016 / 907

Table 1 Experimental conditions

Item Cutting condition
Workpiece Ge, ZnS
RPM (rev/min) 1000, 1200, 1500
Feed rate (mm/min) 2,5,10
Depth of cut (um) 0.1,0.5, 1
Tool rake angle (deg) -25°
Nose radius (mm) 1.0
Cutting fluid Mist

(b) Result of machining ZnS by SPDT

Fig. 4 Result of machining samples by SPDT
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Fig. 5 Surface roughness versus RPM
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Fig. 6 Surface roughness versus feed rate
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Fig. 7 Surface Roughness versus depth of cut
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Table 2 Results of Single Correlation Test

Variable Coefficients of correlation
Feed 0.615
RPM -0.318
Cutting depth -0.160
Feed / Revolution 0.724
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Fig. 8 Rt surface roughness versus feed/rev
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(a) 3D Surface Profile of Machined Ge Surface with
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(b) 3D Surface profile of machined Ge surface with no
micro-cracks

Fig. 9 Surface measurement of Ge samples
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