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Recently, with the development of the space, mobility, semiconductor, and precision machinery industries, the processing of
precision mechanical parts has been recognized as an important and a high value-added technology. Research on ultra-
precision processing is actively underway to produce such products. In addition, eco-friendliness and 0% carbon are
emerging as key keywords in modern industrial society, and the need for this is also increasing in the ultra-precision
processing field. As the industry advances, environmental issues are becoming a major concern, and in the processing
technology field, environmental destruction caused by cutting oil is becoming an issue. To solve this problem, this study
measured the movement precision of the global feed system and instaled a Fine Servo that corrects the nm-level
movement of the feed system in real time, using a piezoelectric actuator, to finely drive the cutting tool to control the
movement necessary for machining. We intended to control variables for ultra-precision machining and measure cutting
heat generation in real time to establish a dry cooling method using thermoelectric elements without using cutting oil.

CONVENTIONS

Fm = Main Cutting Force
Fr = Radial/thrust Cutting Force
Fa = Feed Cutting Force

N = Shape Function

a = Parameter

B = Deformation Rate Matrix
E = Young’s Modulus

v = Poisson Ratio

c;; = Stress

g = Deformation Rate

f° = Applied Force

K® = Element Rigidity Matrix
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Table 1 Material properties of flexure hinge

Material Young’s modulus Stiffness Poisson’s Mass density Limit stress [N/mm?’]
[N/mm?’] [N/um] ratio [kg/mm’] Tension Compression
18(1)457 71,800 32.877 0.336 2.8610°¢ 482.5 403.5
1 0 0 0 07
11
X 0 E 5 0 0 Xp
y 1 11|V
000 =z =
M=|z|= 2 2|V ©
17
1 0 ! 0 0|2
) dd
2 Z,
11
00 0gal
ANk A(8), A(9)EFE YHH U Fine Servo & ZT 9

---|_Global Servo System f---|

Desired
Position

Desired
Position

Main
Controller

Position Feedback
(Laser Encoder or
Capacitiver Snesor)
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Fig. 5 Dry cooling system schematic

Table 2 FLIR T640 specifications

List Specification
IR resolution [pixel] 320 x 256
Temperature range [°C] -25~135, -40~550
Thermal sensitivity/NETD 50 mK @+30°C
Focus Fixed

Data communication interfaces Gigabit Ethernet, control and image
Size (L x W x H) [mm] 104 x 49.6 x 46.6
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IR Camera shooting images and Video storage and dlsp[agymg
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Table 3 Spindle speed control machining condition

Spindle speed Feed speed Depth of cut Tool R
[RPM] [mm/min] [um] [mm]
600
800
75 20 0.5
1,000
1,200

Fig. 15 Diamond tools of fine servo

IR Image
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Fig. 16 IR camera image
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Fig. 17 Non-application of cooling cutting heat and surface
roughness
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Fig. 18 Application of dry cooling system cutting heat and surface

roughness

Table 4 Cutting heat and surface roughness by spindle speed when

dry cooling system is not used

Spindle speed Cutting heat Surface roughness
[RPM] ["C] [um]
600 53.32 0.6691
800 48.68 0.3707
1,000 47.34 0.2052
1,200 46.88 0.1841

Table 5 Cutting heat and surface roughness by spindle speed when

dry cooling system

Spindle speed Cutting heat Surface roughness
[RPM] ["C] (um]
600 40.68 0.0912
800 39.08 0.0801
1,000 28.72 0.0671
1,200 16.24 0.0565

~

Global Servo System
Processing Test piece

Dry cooling system
Processing Test piece

Dual Servo System
Processing Test piece

Fig. 19 Acrylic processing test piece
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