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A Study on the Vibration Parameters for High Speed Face Milling
Machining
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Abstract High speed machining for higher cutting speed and feedrate lead to a increase of surface quality and
material removal rate. This paper presents a study of the influence of cutting conditions on the vibration
characteristics obtained by machining with face milling cutter for high speed machining. In this paper, Taguchi
experimental design method which is based on orthogonal array table was applied to study vibration
characteristics with high speed face milling cutter. The experimental conditions used orthogonal array of
L, (3"). In this work, design and analysis of experiments is conducted to study the effects of these parameters
on the vibration by using the S/N ratio, analysis of variance. Four cutting parameters namely, feed rate,
champer length, cutting speed, and depth of cut were optimized with consideration of vibration characteristics.
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[Fig. 1] Relationship between cutting technology and
machine tools for high speed machining
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[Table 1] Tool geometry for high speed milling

Cutting conditions Parameters
Cutter diameter 780
Axial rake angle 15°
Radial rake angle -3°
Approach angle 45°

[Table 2] Experiment apparatus

Name Specification

Piezo type accelero- meter sensor| B&K 4507 Delta Tran Acc

B&K 3560C

Portable pulse
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[Table 3] Levels of independent variables

Levels
Symbol Cutting parameters
1 2 3
A Feed rate(mm/min) 60 120 240
B Champer length(mm) 0.9 1.5 25
C Cutting velocity(m/min) | 503 1,005 |2,011
D Depth of cut(mm) 0.15 0.3 0.6

champer length \ \

[Fig. 4] Tool geometry for champer length
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[Table 4] Experiment result of vibration characteristics
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(acceleration response) and S/N ratio

Test | Acceleration response | S/N ratio for acceleration
No (mm/s) response(dB)
X Y Z X Y V4
1 29.74 | 13.59 | 33.76 | -29.47 | -22.67 | -30.57
2 107.35 | 66.78 | 19.33 | -40.62 | -36.49 | -25.73
3 112.08 | 78.69 | 15.47 | -40.99 | -37.92 | -23.79
4 30.21 | 13.24 | 25.30 | -29.60 | -22.44 | -28.06
5 98.12 | 63.99 | 22.17 | -39.84 | -36.12 | -26.91
6 102.47 | 66.43 | 14.43 | -40.21 | -36.45 | -23.19
7 29.62 | 15.15 | 23.80 | -29.43 | -23.61 | -27.53
8 10491 | 69.71 | 19.43 | -40.42 | -36.87 | -25.77
9 96.45 | 81.61 | 13.56 | -39.69 | -38.24 | -22.65
10 31.22 | 15.21 | 31.95 | -29.89 | -23.64 | -30.09
11 106.26 | 76.28 | 20.19 | -40.53 | -37.65 | -26.10
12 131.73 | 79.79 | 15.66 | -42.39 | -38.04 | -23.89
13 3145 | 1541 | 21.87 | -29.95 | -23.76 | -26.79
14 105.16 | 66.91 | 18.58 | -40.44 | -36.51 | -25.38
15 136.96 | 89.25 | 16.68 | -42.73 | -39.01 | -24.44
16 30.48 | 1491 | 23.15 | -29.68 | -23.47 | -27.29
17 111.67 | 71.13 | 19.48 | -40.96 | -37.04 | -25.79
18 131.51 | 90.30 | 16.39 | -42.38 | -39.11 | -24.29
19 32.86 | 18.19 | 28.21 | -30.33 | -25.19 | -29.01
20 107.05 | 70.01 | 20.18 | -40.59 | -36.90 | -26.09
21 140.69 | 79.86 | 16.97 | -42.97 | -38.05 | -24.59
22 31.25 | 15.39 | 20.25 | -29.89 | -23.75 | -26.13
23 106.99 | 67.28 | 18.59 | -40.59 | -36.56 | -25.39
24 159.89 | 76.92 | 17.86 | -44.08 | -37.72 | -25.04
25 31.83 | 16.98 | 27.37 | -30.06 | -24.59 | -28.74
26 11522 | 76.96 | 1947 | -41.23 | -37.73 | -25.79
27 153.09 | 73.48 | 18.34 | -43.69 | -37.32 | -25.27
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[Fig. 5] S/N ratio response graphs for feed rate(Symbol A)
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[Fig 6] S/N ratio response graphs for champer length
(Symbol B)
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0 : torsional angle of shaft(deg)

T : torsional moment of shaft(kg-mm)

[ : length of shaft(mm)

G : modulus of transverse elasticity of shaft(kg/mm’)

d : diameter of shaft(mm)
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[Fig. 71 S/N ratio response graphs for cutting velocity
(Symbol C)
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[Fig. 8] S/N ratio response graphs for factor depth of
cut(Symbol D)
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[Table 5] ANOVA for X direction vibration

Source g:TarZ: DOF g:ﬁ:fe Fo (0.1:)5)
A 9.98 2 4989 | 3255 | 4.10
B 0.01 2 | 00054 | 0035 | 4.10
C 809.76 2 | 40488 | 26413 | 4.10
D 025 2 | 01248 | 0814 | 4.10

AxB 0.70 4 | 01747 | 1140 | 3.48
AXC 7.78 4 | 19459 | 1269 | 3.48
Error 1.53 10 0.1533

Total | 83001 | 26
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[Table 6] ANOVA for Y direction vibration

Source Zzumari DOF Sl\: E:; Fo ( 0.1(:)5)
A 3.88 2 1.9404 | 36.18 | 4.10
B 1.94 2 0.9679 | 18.01 | 4.10
C 1139.7 2 569.87 | 10607 | 4.10
D 2.63 2 13135 | 2445 | 4.10
A%B 1.20 4 03011 | 5.605 | 3.48
AXC 3.16 4 0.7898 | 14.70 | 3.48
Error 0.54 10 | 0.0537
Total | 1153.05 | 26
[Table 7] ANOVA for Z direction vibration
Source ::Lr;r: DOF shc;[s:?e Fo (0.1(:)5)
A 0.27 2 0.1361 | 0.118 | 4.10
B 4.50 2 22511 | 1.956 | 4.10
C 76.91 2 38452 | 3341 | 4.10
D 0.24 2 0.1205 | 0.105 | 4.10
A%B 2.84 4 0.7089 | 0.616 | 3.48
AXC 5.71 4 14275 | 1.240 | 3.48
Error 11.51 10 1.1509
Total 101.98 26
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