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Micro-groove Cutting Experiments using Micro-Machining System
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ABSTRACT
The needs for precision machining of micro to
milli parts have been increased as the industry
require high quality products, especially for the
of IT The

ultra-precision machining system is essential

micro~machining products.
for the micro machining of fine structures,
which

systematic and random error and repeatability.

insures machining accuracy, low
In this study, we developed micro machining
system, which is equipped with air bearing
stage for ultra precision machining and also
the results of V-grooving
conducted by the developed
system, to verify the performance of system.
The that the
V-grooving had good accuracy with repeatable

stability.

we  present

experiments,
machined

results show
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Fig 2.1 Schematic of experimental equipment

Fig 2.2 Photograph of micro-machining system

Table 2.1 Specification of micro-machining system

{ftom Unk Speoifications
Distance XI/Z wxis mm 200x200 x100
Mating main Tuming speed Rom Max 60,000
spindle Tool mm 0.1 ~6.0
Turning speed Rpm Max 6,000
Tuming main
: <0.05, +<0.
apindie Tuming rate - 05, Axis:<0.05
Strength Nm Radius: 190, Axis:520
Size mm 220 x220
Table Allowable
N 200
weight
XY axds mm /roin Max. 45,000 mm/min
Feed rate
Z axis mm /min Max. 45,000 mm/min
X axis m Hortzontal: <0.5, Vertical:<0.6
Straightness Y axis - Hortzontal : <0.5, Vertical :<0.6
Z axis [ Horizontal :0.0025, Vertical :0.0025
Strength XIY/Z axis m/rom Hortzontal : <120, Vertical :250
Repeated
XIY/Z axis - <0.1
pracision z

£ systeme X-Y-Z3%9 71¥ 353 H4YFo
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X-YZ¢ 7% position error &°} Aol 20nm,
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Fig 2.3 System setup for micro
groove machining
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Fig 2.4 Tool dimensions
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Table 2.2 Mechanical properties and
chemical compositions of workpiece Al-6061

Tensile strengh | Yield strength

Composition(%) State (paix109) (palx109

Q45 Annealing 18 8 )
Si08
M08 | 15 heat treatment 25 ) %
Mo 0.5
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Table 2.3 Cutting conditions

Cutting tool | Single crystal natural diamond(130°)
Feed rate 22mm/sec
Pitch 50/, 20/, 10/m, 5/m, 2/m
Depth 10/m, 5/m
Work plece Aluminum
Cutting oll Kerosene

olelgt 4dol Aol T+ HaAd HEXF
e AL o9 oAfgE dojth, B HFAA

A A& 47l Astd 2] 10me] A
7teR2E 23 Y3 FA(F), 38 (@ 2hHAL 7}
F dolHE 7|1Fog duE nFso

KX
=

p=—%
—

3. 494+ 2 ug

31 713 EWFg FHAA7
Fig 31& micro V-groove 7}F4EL E3ly
71E2E dFuEAHY ARES el

Fig 3.1 Workpiece

Fig 32& 7I3829e AA7 @& A3 19

o},

oA 4

0.3 4

0.4 4

00 WWWMM
0.t

-02

024

‘o4 T T T T T T T
08 o0 o7 os 09 1.0 1. 12 13

Milimetres

(a) Depth 10m

266

T T T T T Y u -
05 op 07 os [ 10 [X} 12 1.3
Millimetres

(b) Depth 5um

Fig 3.2 Surface roughness vs. depth(pitch 50/m)
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Fig 3.4 Cutting force vs. pitch (depth 10m)
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Fig 3.7 Cutting force vs. depth (pitch 50;m)
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