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Realization of 3D Image on Metal Plate by Optimizing Machining Conditions of Ultra-

Precision End-Milling
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3D images are generally manufactured by complex production processes. We suggested a
simple method to make 3D images based on a mechanical machining technology in this study.
We designed a tetrahedron consisted of many arcs having the depth of 100 ym and the pitch of
500 ym, and machined them on an aluminum plate using end-milling under several conditions of
feed-rate and depth of cut. The area of undeformed chip including depth of cut and feed-rate can
predict quality of the machined arcs more precisely than the undeformed chip thickness including
only feed rate. Moreover, a diamond tool can improve the quality than a CBN tool when many
arcs are machined. Based on the analysis, the designed tetrahedron having many arcs was
machined with no burr, and it showed different images when observed from the left and right
directions. Therefore, it is verified that a 3D image can be designed and manufactured on a metal
plate by end-milling under optimized machining conditions.

KEYWORDS: End-Milling (21 =2 &), 3D image (3 Ak 0| A[X]), Aluminum (& 50| =), Undeformed chip area (A|HE & HA)
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s = Light source (Subscript)

¢ = Center of the arc (Subscript)
r = Right eye (Subscript)

1 = Left eye (Subscript)

k = Position of object (Subscript)
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Fig. 2 A CBN end-mill tool for machining the arcs

Fig. 3 An end-milling process of arcs for a 3D image on

a aluminum plate

Table 1 Detailed specifications of an end-milling system

Table 2 Detailed specifications of experimental conditions

Item Specifications

X-axis stroke (mm) 900
Y-axis stroke (mm) 900
Z-axis stroke (mm) 100
Stroke resolution (nm) <5

Maximum rotation speed (rpm) 50,000
Maximum feed rate (mm/sec) 500
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Case Feed DOC U.ndef.ormed
rate (Depth of cut) chip thickness
1 5 mm/s 10 m 1.66 nm
2 5 mm/s 5 um 1.66 nm
3 5 mm/s 1 m 1.66 nm
4 2.5 mm/s 10 m 0.83 nm
5 1 mm/s 5 pm 0.33 nm
. feed rate
chip max = number of edge X rpm (1)
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Fig. 4 Top views of machined arcs of (a) case 1(feed-rate:
Smm/s DOC: 10 m), (b) case 2(feed-rate: Smm/s
DOC: 5 m), (c) case 3(feed-rate: Smm/s DOC: 1
(m), (d) case 4(feed-rate: 2.5mm/s DOC: 10 £m) and

(e) case 5(feed-rate: 1mm/s DOC: 5 ;/m)
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Fig. 8 Shape of (a) the machined tetrahedron consisting
of mane arcs, (b) a single machined arc and (c)
crossed machined arcs
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