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Fig. 1 Flow chart of the three-dimensional

Table 1 Machining parameters

Name Symbol Value
Retreat position 1 h1 5mm
Retreat position 2 h2 100 mm

Maximum Z position Zn 0mm

Minimum Z position ZL 0.1 mm
Pick feed P 0.1 mm
Step size St 255

HINCAT 9 e, LAFIRZEI O R — L i U~D AR A ERF
FHC R ST HAE SN D970, (LEE Y 7 21T, Z
BAEERRE <BHLELT, K#EES5), K—ih
CA~DEMHPDRL 2% K9 NCT —2 2 ) T S
REBATIN L7, Bl 21F, RIBICARTMI SR, LiLoFIE
(IR > THERR L 72X T ERMIN TONCT —Z DA A —
VT, hISEFE RO IRBES S, h23 KIRBEO R S, iR
EIHIRE Y, FRARE ) CTESBE LT okEE =T

(3) #/b L

BRI, I ERKACRT LS bR e R DIBRE
BV, 2oL ERERHSEREBIC RS20 T A &2 T
THIET, ADAEIZLIVZNTNOTFA U2 RED.
ARFFECIX, EBRMO LR ERDZORIREM/INL, N
Ll I CAMIC A L BB OMME I T35 Z & & T
YA EOIMT & EFET S.

MAITRT & 5 IEMmAnD = FIATNIT5Z L

(nrl) (nvz) (nv3) (nv4) “““““““ (n,m
20122)23)| 24| s = s s & s = (2,m
@l a3 @y « ¢ « o o o (Lm

(a) Pixel

| — Zn
*" machining ° — —Z
direction
(b) NC data

Fig.2 Three-dimensional method

workpiece
zero point

machining = ~~-._
direction -

Fig.3 Machining path

workpiece

zero point 01 w
—>
d X tan(01/2)

Fig.4 Design of the trapezoid micro-mountain
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Table 2 Micro-mountain parameters

Name Symbol Value
End mill tip angle 1 01 120°
End mill tip angle 2 02 60 °
Groove depth d 0.133 mm

Length of flat part w 0mm
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Fig.5 Machining image by 5-axis machining center

Fig. 6 Schematic of the five-axis machining center
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Fig.8 Startup screen of CAM system for 5-axis machining
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Table3 Machining conditions of latent-image

Micro mountain Latent-image

Spindle speed 8000 min? 8000 min?

Feed rate 400 mm/min 160 mm/min

Pick feed 0.462 mm 0.400 mm
Cutting depth 0.133 mm 0.1 mm (Max)
Work material A5052

Tool End mill of tip angle End mill of tip angle
120° 60 °

2

d; R

(a) Author’s photograph (b) Onsenken-Oita logo
Fig.9 Picture images
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(2) View from left

(b) View from right
Fig. 10 Latent-image machining result by 5-axis machining center
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Fig. 12 Machining image by 3-axis machining center
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(@) View from left (b) View from right
Fig. 14 Latent-image machining result by 3-axis machining center
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