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Optimum Working Condition of Al 2024 Alloy

Do-Kwan Hong*, Chan-Woo Ahn*, Jin-Woo Park**, Hwang-Soon Baek**

in Side Wall End Milling

ABSTRACT
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Working condition is one of the most important factors in precision working. In this study, we optimized the

vibration acceleration level(VAL) of Al 2024 alloy to select optimum working condition of side wall end-milling
using RSM(Response Surface Methodology). RSM was well adapted to make analytic model for minimizing
vibration acceleration, created the objective function and saved a great deal of computational time. Therefore, it
is expected that the proposed optimization procedure using RSM can be easily utilized to solve the optimization
problem of working condition. The experimental results of the surface roughness and VAL showed the validity
of the proposed working condition of side wall end-milling as it can be observed.

Key Words : SResponse Surface Methodology(t-&-3£ 1), Side Wall End Mill(Z 8 dl=4), Optimum Design
(B2 A2A), Vibration Acceleration Level(Z-5 715 =#4)
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Table 2 Design variables and levels

Level 1 ’ 3 Table 3 Table of mixed orthogonal array(Z,z2' x 37)
Design variable Ae (mm) A, (mm) N (rpm) Vi (mm/min)
Radial depth of cut (mm, Ac) 0.4 0.8 1.2 1 0.4 3 2,915 852.5
Axial depth of cut (mm, Ap) 3 7 11 2 0.4 7 4,770 1,395
Spindle speed (rpm, N) 2,915 4,770 6,625 3 0.4 11 6,625 1,938
Feed rate (mm/min, Vi) 8525 1,395 1,938 4 0.8 3 2,915 1,395
5 08 7 4,770 1,938
6 08 11 6,625 852.5
7 12 3 4,770 852.5
8 12 7 6,625 1,395
9 12 11 2,915 1,938
10 04 3 6,625 1,938
Y% 11 04 7 2,915 852.5
x> 12 04 11 4,770 1,395
T 13 08 3 4,770 1,938
A"’I N o 14 08 7 6,625 8525
24 ~N Y 15 08 11 2,915 1,395
< 6 12 3 6,625 1,395
17 12 7 2,915 1,938
18 12 11 4,770 852.5
Fig. 2 Design variable
Table 4 Experimental result of tri-axis VAL
e Woking -t ot FT vz — Tri-axis Vibration Surface
300m Level Acceleration (dB) roughness
200m VALx VALy VAL, (um)
o ‘ ‘ ‘ 1 120749 124761  126.888 0.13
oL Wbl b Lo DT w 2 123522 128399 128595 0.14
e T 3 126,021  130.021  125.756 0.15
[m/s"2] Autospectrumiy_codiy - Input 4 125933 129.686 135.461 0.14
Horking it nput PP Arelzer - 5 128943  136.060  132.889 0.15
Gull 6 123918 128.097  124.19 0.14
- 7 129036  137.219  134.066 0.14
1 L il TA 8 13589  139.991  134.807 0.15
W e, 9 124082 128881  128.974 0.15
e 10 127.458 133405  129.6 0.15
frves Worling 1t - FET Analyzen S 11 123637 128266  129.855 0.14
' 12 117685 12419  121.038 0.14
S 13 130.021  139.209  135.792 0.13
o 14 131246 135446  131.434 0.14
SR | TR N O T e e 15 119.046  122.86  122.798 0.13
aeoanE0mn B 16 129036 135133  131.102 0.14
Fig. 3 Tri-Axis vibration acceleration autospectrum 17 133497 138137 141584 0.12
18 122411  130.881  126.966 0.12

of 1st experiment
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Table 5 ANOVA for X axis VAL

Design variable S vV Fo P
Radial depth of

cut (mm, Ac) 102.143 2 51.072 15.27 0.001
Axial depth of
cut (mm, Ap) 164.101 2 82.051 24.54 0.000
Spindle speed
(rpm, N) 67.360 2 33.680 10.07 0.005
Feed rate
(mm/min, V) 39981 2 19.991 5.98 0.022
Error 30.092 9 3344
Total 404.184 17

Table 6 ANOVA for Z axis VAL

Design variable S vV Fo P
Radial depth of

cut (mm, A) 101.998 2 50.999 8.95 0.007
Axial depth of
cut (mm. Ay) 232419 2 116.210 20.39 0.000
Spindle speed
(rom. N) 6.370 2 3.185 0.56 0.591
Feed rate
(mm/min. V) 47037 2 23518 4.13 0.053
Error 51.304 9 5.700
Total 439.128 17
Ol%QENf)—t— X, 2% 7?*‘231]‘334011/‘1

44 F
2ol(A)sh 1%@3@@—;— el
Fhe st A
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Table 7 Optimum solution and result
Model

Optimum  Experiment
Design variable (predict)  (Validation)

Radial depth of cut(mm,A;) 0.4

Axial depth of cut(mm,Ap) 10.95
Spindle speed(rpm,N) 2,915
Feed rate(mm/min,Vy) 1,335
X-axis VAL(dB, VAL ) 116.079 116.79
Y-axis VAL(AB, VAL, ) 121191 121.14
Z-axis VAL(AB, VAL, )  120.572 120.26
Surface roughness(pm) 0.12
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