HSFEA T A E 0] 7] &8t E] A Allsd A4z (2016E 129)
Journal of the Semiconductor & Display Technology, Vol. 15, No. 4. December 2016.

STME ME A=Y 132 MAIEHN 2t SAH =l A
Flary’
Tt osta frtez Y sty

Statistical Analysis of Cutting Force for End Milling with
Different Cutting Tool Materials
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School of Mechatronics Engineering, Korea University of Technology and Education

ABSTRACT

End milling is an important and common machining operation because of its versatility and capability to produce

various profiles and curved surfaces. This paper presents an experimental study of the cutting force variations in the
end milling of SM25C with HSS(high speed steel) and carbide tool. This paper involves a study of the Taguchi
design application to optimize cutting force in a end milling operation. The Taguchi design is an efficient and
effective experimental method in which a response variable can be optimized, given various control and noise factors,
using fewer resources than a factorial design. This study included feed rate, spindle speed and depth of cut as control
factors, and the noise factors were different cutting tool in the same specification. An orthogonal array of Lo(3%) of

ANOVA analyses were carried out to identify the significant factors affecting cutting force, and the optimal cutting

combination was determined by seeking the best cutting force and signal-to-noise ratio. Finally, confirmation tests

verified that the Taguchi design was successful in optimizing end milling parameters for cutting force.
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Table 1. Specification of used device
Name Model Co. Ltd
Milling M/C HMV-F HWACHEON
Dynamic strain amp. N9354 SHOWA
TOKYO
Tool dynamometer FKM2000 .
testing M/C
Data acquisition sys. T3831-G Data translation
Surface roughness SURF 5000 MAHR
measurement device
Used cutting tools | End mills (helix 30%) YG-1
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Fig. 1. Machmlng setup of the end milling process.
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Fig. 2. Specification of cutting tool.
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Table 2. Mechanical properties of SM25C
Tensile strength Elongation Hardness
[N/mm’] [%] [HB]
45 o]% 27 oA 123~183
Table 3. Chemical composition of SM25C
C Mn Si
0.22~0.28 0.30~0.60 0.15~0.35

Table 4. Codes, parameters, and level values used for orthogonal

array
Parameter Code | Level 1 Level2 | Level 3
Depth of cut A 0.3 0.6 0.9
Feed rate B 127 187 267
Cutting 3.0 4.7 6.0
C 2 &) 2
speed x10 x10 x10
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Table 5. Experiment results for cutting force Fy and their
responding SN ratio for high speed steel tool

Inner control Outer noise factor array
factor array
Run
Fx[Kei )
A B C SN ratio
N1 N2
1 1 1 1 30.32 | 21.46 -28.39
2 1 2 2 3524 | 34.03 | -30.79
3 1 3 3 42.10 | 33.11 | -31.57
4 2 1 2 51.16 | 61.03 | -35.01
5 2 2 3 5042 | 29.71 | -32.34
6 2 3 1 48.02 | 46.96 -33.53
7 3 1 3 3573 | 3796 | -31.33
8 3 2 1 40.26 | 39.12 -31.97
9 3 3 2 | 4589 | 54.10 | -34.01
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Table 6. ANOVA analysis for cutting force Fx for high
speed steel tool

Source | df Seq. SS | Adj. MS F p
A 2 17.622 8.811 6.65 | 0.131
B 2 3.924 1.962 1.48 | 0.403
C 2 6.417 3.208 242 | 0.292
Error 2 2.652 1.326
Total 8 30.615
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Fig. 3. Response for data means with control parameters.
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Fig. 4. Main effects plot for SN ratios.
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Table 7. Experiment results for cutting force Fx and their
responding SN ratio for carbide tool

Run Inner control Outer noise array
factor array
Fx[Kei .
A B C SN ratio
N1 N2

1 1 1 1 28.09 | 30.58 -29.36

2 1 2 2 13058 16.96 -27.86

3 1 3 3 13217 1595 -28.09

4 2 1 2 12026 21.84 -26.47

5 2 2 3 13042 32.65 -29.98

6 2 3 1 45.09 | 4243 -32.83

7 3 1 3 13634 | 41.52 -31.82

8 3 2 1 [2942| 5236 -32.56

9 3 3 2 14026 3048 -31.05
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Table 8. ANOVA analysis for cutting force Fy for carbide tool

Main effects for SN ratio
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