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Selection of Machining Condition in High Speed Machining of STD11

Choon Man Lee®, Chi Hyuk Choi’, Tae Jo Ko™, Jong Yun Jung”", Won Jee Chung™™"

ABSTRACT

High-speed machining is one of the most effective technology to enhance productivity especially for hardened
die material. High-speed machining can give great advantages for machining of dies and molds. But selection of
machining condition is very difficult because of complicated machining mechanism. This paper presents the
selection of machining condition in high-speed machining of STD11. Depth of cut, feed rate and spindle revolution
are control factors. The effect of the control factors on surface roughness and machining error in Z-direction is

discussed to improve machining accuracy,

Key Words : High-speed machining (34 7}-8"), Machining Error in Z-direction(ZZ 7}-& 2 2}), Surface roughness
(X9 AZ7]), STD11
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Vertical Machining Centers
(ACE-M500, DAEWOO Heavy
Industries & Machinery Ltd)

10000, 12000, 14000

Machine Tool

Spindle Speed(rpm)

Feedrate(mm/min) 3200, 6400, 9600
Depth of Cut(mm) 0.1, 0.15, 0.2
Pick-Feed(mm) 0.15
Cusp Height(mm) 0.001
Tool HSM 2 Ball Endmill
Diameter : ¢ 6
Workpiece STD!11(HxC45)

Fig. 1 Modeling of sample
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Table 2 Factors and levels for first experimental

machining ( RPM : 14000rpm ) auf = & = = = = = lea
Factor Level * n jasginpaisen|sns|/sus|anas|ann| » »
Sign{  Factor Unit 1 2 3 it h g f e d ¢ b a
~f—
A |Depth of cut| mm 01 | 015 | 02 Feed direction

B Feed rate |mm/min| 3200 | 6400 | 9600

Fig. 2 Measuring point

Table 3 Factors and levels for second experimental

0 Feed 320 A Feed 6400 O Feed 9600
machining ( Depth of cut : 0.1mm ) — 28zel 04 e gl 015 oo mAEol 02
Factor Level o
Sign Factor Unit 1 2 3
A RPM rpm 10000 | 12000 | 14000
B Feed rate |mm/min| 3200 | 6400 | 9600

Table 4 Factors and levels for third experimental
machining ( Depth of cut : 0.lmm )

Machining error in Z-direction ( mm )

Factor Level
Sign Factor Unit 1 2 3 .
A RPM rpm 10000 12900 14000 Measuring point
B [Feed per tooth| mm/min| 0.06 | 0.08 | 0.1

Fig. 3 Machining Error in Z-direction according to
Cutting Condition (Linear Part)
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Fig. 5 Surface roughness according to measuring point
(Linear Part)
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Fig. 6 Surface roughness according to measuring point
(Curve Part)

Table 5 Surface Roughness Analysis of Variance

Table
F F F
Source| S @ \" FO
(0.10) { (0.05) [ (0.01)

A |0.01234} 2 {0.00617|1.62149| 432 | 694 | 180

B |0.00903| 2 [0.00451(1.18651} 4.32 | 694 | 18.0

E [0.01522| 4 |0.00381

T ]0.03659{ 8
¥ - A : Depth of Cut - B : Feed rate

E : Error -T : Sum - S : Variation

-V : Mean squared - ¢ : Degree of freedom
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Fig. 7 Machining Error in Z-direction according to
Cutting Condition (Linear Part)
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Fig. 8 Machining Error in Z-direction according to
Cutting Condition (Curve Part)
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Fig. 9 Surface roughness according to measuring point
(Linear Part)
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Fig. 10 Surface roughness according to measuring
point (Curve Part)

Table 6 Surface Roughness Analysis of Variance

Table
Source| S ] v FO F F F
(0.10) { (0.05) | (0.01)

A |0.00175| 2 [0.00087]|0.12408| 432 | 694 | 18.0
B [0.01249| 2 10.00625]0.88736| 4.32 | 694 | 18.0
E [0.02816{ 4 [0.00704
T 10.04240| 8

- A : RPM - B : Feed rate

-E : Error - T : Sum - S : Variation

+V : Mean squared - ¢ : Degree of freedom
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Fig. 11 Surface roughness according to measuring
point (Linear part)

O RPM 10000 A RPM 12000
~—=- Feed per tooth 0.06 --— Feed per tooth 0.08
3.0

O RPM 14000
Feed per tooth 0.1

8 7

| iy
A, \ /[Z .
Y VTN 7
Vi iy ‘;\ oy
\\ Ay N -
A\t i /
s
]

b
n

g
=

-
<

Lo

Surface roughness(Ra , y210)]
i

4 .
e i
b =5
) Fic.g g =
05 == =¥ ‘g—_iﬂs-—i
0.0 . S
i k [3 f ] d ¢ b a
Measuring point

Fig. 12 Surface roughness according to measuring
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Table 7 Surface roughness analysis of variance table
(all section)

Source S @ \" FO F F F
(0.10)1(0.05) 1 (0.01)

A 009721 2 [0.04361{069130] 432 [ 694 | 180
B 10.18842] 2 [0.09421{1.49349! 432 | 694 | 180
E {0.25232| 4 {0.06308
T 0.52795( 8

% +«A : RPM - B : Feed per tooth
E : Error - T : Sum - § : Variation
-V : Mean squared - ¢ : Degree of freedom

Table 8 Surface roughness analysis of variance table
(slope section)

Source S [ \" FO F F F
(0.10) { (0.05) { (0.01)

A [0.01083! 2 ]0.00541)1.47485) 432 | 694 | 180
B [0.03001| 2 {0.01501{4.08812| 432 | 694 | 18.0
E 0.01468| 4 [0.00367
T (005552 8

¥ - A : RPM - B : Feed per tooth
«E : Error - T : Sum - S : Variation

-V : Mean squared - ¢ : Degree of freedom
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