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Mechanical Machining of Prism Pattern
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Abstract
In recent, various shapes of pattern in micron or nano scale are adapted in many applications due to their good

mechanical or optical properties. Light guide panel (LGP) of the LCD is one of important applications for micro pattern

and micro prism shape is one of the typical patterns. The size of the surface patterns in most applications is decreasing to

the order of micron or even under micron. On the other hand, the area to be patterned keeps enlarging. These two trends in

patterned products require tooling micro patterns on large surface, which has still many technical problems to be solved

mainly due to pattern size and the tooling area. In this study, we fabricated prism shape of patterns using diamond cutting

tool on some metal core and plastic core like PMMA. Some cutting conditions were investigated including cutting force,

cutting depth and speed for different core materials.
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Fig. 1 Micro fabrication system for experiments
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Fig. 3 Diamond tool of 90°angle

Table 1 Specification of the micro machining system

Item Unit Specification
Moving Stroke mm 200x200
Feeding Sbeed | mmws | 0.005-22
XY Axisors Incrfmental
Stage Move nm |5 (200000cts/mm)
Position
Repeatability m 0.05-0.25
Moving Stroke mm | 100 (LS1mm/rev)
Feeding Speed | e | 0.005-22
. Range
Z Axis M1 al
Slide - neremental |- pm 140 (25000cts/mm)
Move
Position
Repeatability - 0.3-05
Table Size mm 220 x220
Allowable Weight[ N 890
Straicht X Axis (m H<0.5, V<0.6
e Y Axis gm_| H<0.5, V<0.6
Z Axis /m H,V : 0.0025
Repeated Precision (X/Y/Z
Axis) - <0l
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Fig. 4 Photo of materials setting
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Fig. 5 Cutting mechanism of prism pattern

Table 2 Mechanical properties of materials
Property | Tensile Elongation | Hardness
. strength %) (HB)
Materials (kg/mr)
6:4 Brass 25 55 46
Copper 22~25 49~60 35~40
Al 6061 18~25 10~14 40~60
PC 6~7 90~140 700~900
PMMA 4.5 47 590

Table 3 Machining conditions of prism pattern

Cutting tool 90° Diamond tool

Cutting speed | 1200 mm/min

Cutting depth | Rough Finishing cutting
cutting : 3,2,1,0.5,0.1 um/pass
S pm/pass

Workpiece Brass, copper, Al6061, PC, PMMA

Cutting oil Spindle oil
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(a) Cross-section  (b) 6:4 Brass (c) Al6061

(d) Copper (e) Polycarbonate  (f) PMMA
Fig. 6 SEM of machined V-groove
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Fig. 7 Cutting force for materials character
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Fig. 8 Machining prism pattern with 6:4 brass
(a) Cutting depth : S ym
(b) Cntting depth : 2 ym
(c¢) Cutting depth : 0.5 ym
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Fig. 9 Machining prism pattern with A16061
(a) Cutting depth : 5 /m
(b) Cutting depth : 2 tm
(¢) Cutting depth : 0.1 /m

(@ (b) (©)

Fig.10 Machining prism pattern with PMMA
(a) Cutting depth : 5 tm
(b) Cutting depth : 2 /m
(c) Cutting depth : 0.1 (m
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Fig.11 Cutting force vs. cutting depth(cutting speed:
1200mm/min, material: 6:4 Brass)
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Fig.12 Cutting force vs. time(cutting speed: 1200mm
/min, material: 6:4 Brass)
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