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A Study on the improvement of Machining Accuracy in High Speed
Machining using Design of Experiments
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ABSTRACT

High-speed machining is one of the most effective technologies to improve productivity. Because of the high
speed and high feed rate, high-speed machining can give great advantages for the machining of dies and molds.
This paper describes on the improvement of machining accuracy in high-speed machining. Depth of cut, feed rate
and spindle revolution are control factors. The effect of the control factors on machining accuracy is investigated
using two-way factorial design.
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Table 1 Factors and levels for experimental Table 3 Factors and levels for experimental
machining according to depth of cut and machining according to feed rate and
feed rate (RPM : 16000rpm) spindle RPM (Depth of cut : 0.1lmm)
Factor Level Factor Level
Sign Factor Unit 1 2 3 Sign| Factor Unit 1 2 3 4
A |Depth of cut| mm 0.1 02 | 03 A RPM rpm | 12000 | 14000 [ 18000 | 20000
B Feed rate |mm/min| 3200 | 6400 | 9600 B (Feed rate{ mm/min | 3200 | 6400 | 9600
Table 2 Machining sequence for experimental Table 4 Machining sequence for experimental
machining according to depth of cut and machining according to feed rate and
feed rate (A : Depth of cut (mm), B : Feed rate spindle RPM (A : RPM (rpm) , B : Feed
(mnymin)) rate (mm/min))
B1(3200) | B2(6400) | B3(9600) B1(3200) | B2(6400) | B3(9600)
A1(0.1) 1 8 3 A1(12000) 6 2 7
A2(0.2) 9 6 2 A2(14000) 1 10 3
A3(03) > 7 4 A3(18000) i 8 4
2 29 A48 F % G2y WE BT A4(20000) 5 12 9
2 247t 2 ¢ 6-Bd=doln, AEAAALS
2y 6OXXA DL A}%o}giq. ]t Hatel g ABEEHB AV FHPCC)E A3t 71EE
HAasA P oaN n&7F 7] Fo) gk EAS o gelld AEF ZF 2A A A EE 33
v} AgtalA ghebatr] 9s)A o)) qaqcako A =4 ](PRISMO 7, ZEISS)E ©]&3td 7t &
0.15mm, Cusp %°] 0.00lmmZ 3} CAMTOOLS e ZAR8Y 1, MEEAS FTHZEET(Surftest
o] &3l NC-codeZ A 3H3ATh SV-600, Mltutoyo) o]-& o}o% FAAEAEAAZ
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Fig. 3 Measuring point
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Fig. 4 Surface roughness according to measuring
point (Linear interpolation)
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Fig. 5 Surface roughness according to measuring
point (NURBS interpolation)
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Table 5 Surface roughness analysis of variance table

(slope = 15°, 30°, 45°)

Source S 0] \ Fo | F(0.05)| F(0.01)
A ]0.03073] 2 {0.01537|1.38148| 6.94 18.0
B [0.24334( 2 [0.12167(10.9385] 6.94 | 18.0
E ]0.04449| 4 10.01112
T 1(0.31856] 8

% - A : Depth of cut - B : Feed rate - E : Error
- T : Sum - S : Variation
- @ : Degree of freedom

*V 1 Mean squared
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point (Linear interpolation)
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point (NURBS interpolation)
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cutting condition (Linear interpolation)
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Fig. 13 Machining error in Z-direction according to
cutting condition (NURBS interpolation)
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Fig. 14 Machining error in Z-direction according to
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