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A Study On Prediction Model of Cutting Conditions for Draft Angle Control
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Abstract

It is very difficult to determine suitable cutting conditions in order to obtain accurate cutting profiles because machining
errors caused by tool deflection depend upon cutting conditions. In this study the relationship between real cutting profiles
(inclined shapes and machining errors) and cutting conditions was modeled in order to fabricate draft angle on micro molds.
CCD (Central Composite Design) of DOE (Design Of Experiment) and RSM (Response Surface Method) were applied
in order to model the relationship between cutting conditions and machining errors. In order to use CCD the range of
radial depth of cut was chosen by 10-90um and the range of feedrate was chosen by 200-300mm/min, and 9 points of
cutting conditions were chosen inside determined ranges. Then, actual cutting processes were carried out as respect to 9
points of cutting conditions, draft angles and real cutting profiles were measured on cutting profiles, each response surface
function was determined by conducting response surface analysis and the functions were represented by 3-dimensional
graphs, contour lines and 101x101 matrices. Consequently it is possible to determine suitable cutting conditions in order
to obtain arbitrary given draft angles and cutting profiles by using modeling. To validate proposed approach in this study
suitable cutting conditions were determined by modeling in order to obtain arbitrary given draft angle and cutting profile,
and actual cutting processes were carried out. About 95% of good agreement between predicted and measured values was

obtained.
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Fig. 1 Draft angle and machining errors

5-Axis CNC Machine
Ball End-mill

3-Axis CNC Machine
Flat End-mill

3-Axis CNC Machine
Ball End-mill

Fig. 2 Fabrication method of draft angles
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Fig. 3 Flowchart of modeling and experimental works

389

o Ao g dFeht RYRg AXsa S A4
9l BT Flg 30] AAE AT

e S 9Jste] 7 2ASAA ADE 300m=E 114
i, RDE 1 0~90um, FD+= 200~300mm/min®] ¥ ¢S 4174
o o
M

R

VisualDOCE ©]-&a}3itt.
4. A9 A

4.1 Nzﬂxm] A 4 z7

sl Aol ola 7hgwe] Zesjele $A5] 913t
o] vholz WA A2HE o] §3tol A AGE £URY

THFig. 4, Table 1).

7o) RS BAsl] flete] 7] HATE-Y
AAZ A ZolE A4 o] Al dA K (Real Cut,
o|3} RO)Z A <stal 7} 9] 42N (Draft Angle, ¢35} DA)
7} o] AT 7] S4-2 SEM(Scanning Electron
Microscope)S ©]-&38lo] &4 o|uAE F3lo] ZA433T).
d=me] 44 03mme] A7 =S AHEEl

=]
24

o
AR S

v/

Fig. 4 Micro machining system

Table 1 Specification of micro machining system

Traveling Range X, Y, Z-axis : 600x600x200mm
Resolution X, Y, Z-axis : 0.1pm

Accuracy X, Y-axis : 10¢m, Z-axis : 5/¢m
Repeatability X, Y, Z-axis : 0.2um

Max. Velocity X, Y-axis : 200mm/s, Z-axis : 100mm/s
Rotational Speed Max. 100,000rpm

Spindle Run-out Max. 0.6¢m

Static Radial Load |Min. 6kgf

Workpiece Weight |Max. 45kgf
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Fig. 5 Used micro end-mill

Table 2 Cutting conditions

Micro Cutting Shape |Side Cutting

Axial Depth(m) 300

Radial Depth(tm) 10~90 (10, 22, 50, 78, 90)
Feedrate(mm/min) 200~300 (200, 215, 250, 285, 300)
Tool 300um 2 Flute Flat End-mill
Workpiece STAVAX (HRc 54)

Cutting Speed 40,000 rpm

Cutting Mode Down Milling

Lubrication Wet Cutting
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Fig. 6 Machined profile (FD=250mm/min, RD=50/m)

Table 4 Average of experiment real cut (um)

FD (mm/min)
200 215 250 285 300
10 22238
RD | 22 30.781 29.532
(um) | 50 | 52.724 66.582 63.669
78 89.376 101.530
90 116.174
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Table 5 Average of experiment draft angle(’, deg)

FD (mm/min)
215 250
2.920

200 300

(em) 0.829 3.118 2.568

6.538

4.4 VisualDOCE o8¢+ whg-3Hd
WS EW A4S 918 CCDell ¢

VisualDOC ZZ I3 x] vk g™ 3
78 RCH DALY 97 A8AS 4
S Yekd Aolt}. VisualDOCOA WH3H s

ER Desion Points Table

Index | Use| DOpt Lock Feedrate Radial Depth | Analyze Rsal Cut
N [ Il 250.00 10.00 = 2223783 =]
z g (i 215.00 2200 = 30.78063
3 [ I} 285.00 22.00 = 29.53224
4 [g il 200.00 50.00 = 5272364 i
5 ] ] 250.00 50.00 = 66.58266
6| [k il 300.00 50.00 = 5366938 |
T ¥ ] 215.00 78.00 = 8937556
B [ il 28500 78.00 = 101,53039
a8 ] T 250.00 90.00 = 118173867
=] m|
= |
] m|
ol |
=] | ~|

B Decion Points Table

Index | Use| DOpt Lock Feedrate Radial Depth | Analyze | Draft Angle
N = 150} 250,00 10.00 = 281952 =]
2 = [ 215.00 2200 ] 268842
3 ¥ i} 285.00 22.00 = 332671
4 [ il 200.00 50.00 ] 0.82885 T
5 [ E 250.00 50.00 =] 3.41845
5 [ il 300.00 50.00 ] 256758 |
T [ E 215.00 78.00 =] 3.15208
B [ (i 285.00 78.00 = 443138
a8 [ i 250.00 90.00 =] 653825
=y =
R =
=y =
R =
=y = .
| oK || Cancel || Help |

Fig. 7 Design points of real cut(top) and draft angle(bottom)
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Fig. 13 Cross points of two contour line in excel
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