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A micro end mill is one of the precise tools used in machining ultra-precision products

Received 4 February 2016 such as microchannel and micropatterned mold. To achieve the required precision of
Revised 17 March 2016 these products, several studies investigated the cutting force, burr formation, and burr
Accepted 28 March 2016 generation mechanism of micro end mills; however, there are few studies on the
alignment of micro tools, which is the foundation of machining. Hence, in this
Keywor ds: _ investigation, relation expressions were derived to determine the relation between the
Micro e.nd .mlll misalignment parameters and the machining accuracy. At the same time, the effect of
Tool .m.lsahgnm ent the machining parameters was analyzed using a multiple linear regression analysis
Mz.lchmlng error and the analysis of variance. The results indicate that the tilting angle of a micro tool
Micro channel has more influence on the machining accuracy than other parameters.
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Fig. 3 3D model and photography of micro end mill (¢ 300 11m)

Table 1 Simulation parameters

Value
100, 300
0, 0.2, 04, 0.6, 0.8, 1.0

Parameters

Tool diameter, d (um)

Tilting angle, 6 (°)

Depth, ¢ (um)
Overhang, 4 (mm)

10, 30, 50
10.0, 12.5, 15.0
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Fig. 5 Depth emror (H,..) according to angle
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Fig. 6 Depth error (H,i,) according to angle
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45 0 7h S7Fel met wiAdgA o s Sk, Ao eake
2} 21017} 10 um, ZLJH 4 mo] o= oF 49%0lth. o]
Fig. 404 &91& 5= Sl= 2| Ha Zol, & 7184 €9
Fol7h At Ax ZAghe ovdith =3 A Zo] exe3} 2
o] 2t Zlojofl me A3} el Aol glont AAAR] 2zl
Fe FARH dehhe 2le 898 < Sl 22aL AT
€ ol 7Rl Aol 2ak= Ak ek miAF A wAlE
7S & A3l Aol Zlolst Ha ol A7t 4 (6)°lA
BRI A} o] A4 ot Zolut ool wstol dAle] &
AT #e TS AT F Tk

Fig. 72 A= 27401 300 um, &4t 21017} 50 um¥ w, 84

7hEo] tig E 048-S 7ts Wsle] whE} ekl Aolt), A
AT NX Dy 0.06~1.60 pmE FEX] BT} oz} 24

146

600

—0— d=100 pm, h=15.0 mm
—0— d=100 pm, h=10.0 mm
[|—®— d=300 pm, h=15.0 mm
—&— d=300 pm, h=10.0 mm

500

400

300

200

Width error, D, (%)

0.0 0.2 0.4 0.6

Tilting angle (°)

0.8

Fig. 8 Width error according to end mill diameter and overhang
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Table 2 ANOVA of regression

Source DF SS MS F P
Regression 3 1262721 420907 | 657.8 | 0.000
Residual error | 50 31994 640
Total 53 1294715
180
I |—O— Analytical width (h=10.0 mm)
160 -|—e— Predicted width (h=11.0 mm)
[ |—o— Analytical width (h=15.0 mm)
140 | _u predicted width (h=14.0 mm)
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a7 100 -
=
S 80}
5
= 60f
=
Z 40t
20
0 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Tilting angle, 6 (°)
Fig. 9 Comparison between simulated and calculated width

Table 3 Predicted tilting angle for desired width

Desired Predicted tilting angle (°)

Dyax (1) h=10.0 mm | h=125 mm | A=15.0 mm
350 0.21 0.11 0.01
400 0.33 0.23 0.13
450 0.44 0.34 0.24

QA= emdde] 10,0, 12.5, 15.0 mm¥ w, 27} 0.4, 0.34,
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