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Simulation and Prediction of Micro-Milling Force of M2 High-Speed
Steel Based on AdvantEdge Machining

YE Wenjun, QIAN Wei
(School of Mechanical Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract ; Laser machining, which is commonly used in micro-texture milling, cannot be produced on a large scale due
to the high cost of the equipment. Therefore, mature machining center is used to mill high-speed steel. The micro-
groove milling of M2 high-speed steel was carried out by CNC machining center with a 0.3 mm carbide micro-diameter
milling cutter. Due to the fact that in micro-milling, the excessive milling force will cause the milling cutter to wear too
quickly and affect the processing quality, the simulation software AdvantkEdge was adopted to simulate micro-milling
machining. Since micro-milling is different from traditional milling, the influence of the tool angle and the radius of the
cutting edge arc on the milling force was analyzed. Using the method of orthogonal experiments, the influence of process
parameters and tool geomelry parameters on milling force was studied. MATLAB multivariate linear regression was used
to predict the milling force, and finally a set of experiments were carried out to verify the prediction model. The results
show that the built model can predict the milling force accurately with an error less than 10% . The research method is
beneficial for selecting the suitable cutting amount more efficiently and conveniently in practical machining.
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Table 1  Chemical composition of M2 high-speed steel
Yo
C Mn Si Cr
0.80 ~0.90 0.15~0.40 0.20 ~0.45 0.38 ~0.44
v W Mo
1.75~2.20 5.50 ~6.75 4.50 ~5.50

K2 M2 HRMAFHR
Table 2 Mechanical properties of M2 high-speed steel

PR E/GPa MEL/N A% B p/ (kg + cm -3)
200 0.33 7 870
WA C,/ SHFH A/
UL memE T
(J-kg™' ¢ (Wem™ -C)
0.477 44.5 1520
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Table 3 J-C constitutive equation parameters

A/GPa B/GPa t c m

375 000 552 000 0.457 0.014 1.03
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Cutter Diameter [) 0.300 mm

Core Diameter ), 0.200 mm
Number of Flutes 2
Radial Rake Angle (7 5 ) -~
Helix Angle ¢ 20 °)
Radial Relief Angle /) 30 )
Edge Radius /* 0.003 | mm
Flute Radius R 0.010 | mm
Width of Land JJ/ 0.020 | mm
Tool Length /. 0.100 | mm
(a) W1 B %

Down Milling Process Parameters

Down Milling Process Parameters

spindle speed 7 7/min 16 000

Feedpenoomf: mm 0.002

Radial width of cut J//. mm 0.150
|Axial depth of cut dc mm 1.000
initial temperature 77 C 20
/Angle of Rotation (o) 360
(b) LRI H

A1 4l ARSEE

Figure 1 Milling simulation parameter settings
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Table 4  Statistical table of orthogonal

experimental results

EheE mEEE LI 11K JJRET B BEEL

Vf (r+min~') #/mm  E/mm  2pFE/mm f/(°) F/NOF /N
7 A B c D E
1 12 000 0.001 0.01 0.001 5 0.50 0.40
2 12 000 0.002  0.02 0.002 6 0.54 0.50
3 12 000 0.003 0.03 0.003 7 0.68 0.55
4 12 000 0.004 0.04 0.004 8 0.8 0.77
5 14 000 0.001 0.02 0.003 8 0.47 0.39
6 14 000 0.002  0.01 0.004 7 0.51 0.46
7 14 000 0.003 0.04 0.001 6 0.60 0.57
8 14 000 0.004 0.03 0.002 5 0.72  0.67
9 16 000 0.001 0.03 0.004 6 0.47 0.38
10 16 000 0.002  0.04 0.003 5 0.71  0.56
11 16 000 0.003 0.01 0.002 8 0.44 0.42
12 16 000 0.004 0.02 0.001 7 0.61 0.47
13 18 000 0.001 0.04 0.002 7 0.62 0.46
14 18 000 0.002  0.03 0.001 8 0.63 0.52
15 18 000 0.003 0.02 0.004 5 0.48 0.42
16 18 000 0.004 0.01 0.003 6 0.44 0.39
£S5 HliaEk
Table 5 Mean Response Table
Wi 17
K
A B C D E

1 0.5988 0.4612 0.4450 0.5375 0.5575

2 0.548 8 0.553 7 0.4850 0.546 3 0.486 3

3 0.5075 0.5200 0.5775 0.5237 0.5450

4 0.4950 0.6150 0.6425 0.5425 0.561 3

6 0.1038 0.1537 0.1975 0.0225 0.0750
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Table 6  Multi-response projections
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Table 7 Table of model statistics

HFR R? F 14 P{H K
BEHI) F, 0.75 6.11 0.007 6 0.015
BEHI S F, 0.82 9.13 0.001 7 0.011
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Figure 2 Experimental equipment
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Table 8 Comparison of experimental data with simulation prediction data
L/ (a3l UL JI 71 R JI BT F/N F,/N
TR %
(r+min~") 45/ mm JE£/mm 47/ mm /(%) Sl By T ELA Sy
18 000 0.003 0.02 0.004 5 0.48 0.43 0.42 0.45 9.14
18 000 0.001 0.01 0.004 5 0.27 0.31 0.28 0.29 8.17
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