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ABSTRACT

This study investigated the characteristics and relationship between surface roughness and vibration
according to the cutting conditions in the slot milling of AL7075-T6. The spindle speed, feed, and depth of
cut were selected as independent variables and the amplitude of acceleration and surface roughness as
dependent variables. Feed affected the surface roughness. As the spindle speed increased, the amplitude of
vibration increased in the direction perpendicular to the feed direction. In addition, the amplitude of vibration
and surface roughness showed a negative correlation. Under a given feed, the surface roughness improved as

the vibration increased.
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Table 1 Cutting conditions for experiment

Factor Level
actors 0 B 1
Spindle Speed | | 5 5
(rpm) »500 ,000 ,500
Feed
(mm/reethy | B | 005 0.13 0.21
Depth of Cut C 05 10 s
(mm)

Table 2 Experiment design

Order No. A B
1" 0 0 0
2" 0 0 0
3 1 -1 -1
4 0 0 0
5 -1 -1 -1
6 1 1 1
7 -1 1 -1
8" 0 0 0
9 -1 1
10 -1 1 1
11 -1 -1 1
12" 0 0 0
13 1 -1
14" 0 0 0

*center point

Table 2= A QQldAe o APAY-S e}
WA APeEA ] 729 3H(Randomization)E 53l
NS SPHF Qo R QAL Aol 7A=
Fae AT =3 6719 FYH- (Center Point)
< Fo] FHA(Curvature) BA9F HEo] 4, 1

— 62 —



AL7075-T62] €&718 A EWAA7 9} MFY Faz

D FETIAFEE A A2l AsE

o,
k1
)
o
I
ttlo
olN

N =S BT,

22 ME ¥ BEHAHEY EH

Fig. 1ol4E 3&E, 379 7187 Z(Toolpath),
a8 JAFAAY AXE YA FFES
A=l o] Wak(x-direction) o2 & ZHES 1F
(Clamping)3l== 3SIHT}E 3 Axis MEMS 7}&5%Al
/(ADXL335, Analog Device, Inc)E H|o]E ol
Axeta fgAE AEE 539t a8l 4¥
HA1(T4000™, Doosan Machine Tools)oll 2178 10mm,
2 H|ZH Jd="(DAE2100M DC210, Duracarb)<
2 & AR AYe FIsdnh ="
EZ%7Z0](Overhang Length)ye A ATMNE a1
o] AM|71](Slenderness Ratio) 3.2 A 3}5th.

o~

o fo oy

128

Feed

Endmill
DAEZ2100M DC210

Buiduwejy
e
Gte

Workpiece Accelerometer

(AL7075-T6) (ADXL335

i

Fig. 1 Experimental setup for vibration measurement

Table 3 Specification of measuring instrument

Item Specification
Parameter Ra(um)
Filter Gauss
Measuring speed 0.5mm/s
Number of sampling length 5
Ae 0.8mm
Cutoff value
As 2.5um

y-direction
x-direction
y-direction
x-direction

Order No.3 1
Spindle speed: 2,500rpm

Amplitude(m/s?)
o
o

Order No.5
Spindle speed: 1,500rpm

| ‘ v In
50 55 60 65 70 75 80 85
Frequency(Hz)

(a) Acceleration spectrum(Order No. 3 vs 5)

0.01

7y-directio‘n
—x-direction Order No.7
—y-direction | Feed: 0.21mm/teeth
« x-direction i
€ L
8
2
=
£
< Order No.5 _
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S S R

0 -
47 48 49 50 51 52 53

Frequency(Hz)

(b) Acceleration spectrum(Order No. 5 vs 7)

0.01

—y-direction

7x-d!rect!on | Order No.11

—y-direction ; Depth of cut: 1.5mm
x-direction i -

Amplitude(m/s?)

Order No.5 ]
Depth of cut: 0.5mm| ™.
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Frequency(Hz)

(c) Acceleration spectrum(Order No. 5 vs 11)

Fig. 2 Acceleration spectrum analysis
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Fig. 4 Main effects plots for vibration amplitude
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Table 4 Analysis of variance(Alpha=0.05)

Source DF SS MS F P
Main Effects | 3 | 0.00359778 | 0.00119926 | 549.00 | 0.000
2-Way Trteractions | 3 | 0.0003298 | 0.00010995 | 50.34 | 0.000
3Way Interactions | 1 | 0.0000767 | 0.00007676 | 35.14 | 0.002

Curvature 1 | 0.00004500 | 0.00004500 | 20.60 | 0.006
Residual Error | 5 | 0.00001092 | 0.00000218

Pure Error | 5 | 0.00001092 | 0.00000218

Total 13 | 0.00406033
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Fig. 6 Main effects plots for surface roughness

Table 5 Analysis of variance(Alpha=0.05)

Source DF SS MS F P
Main Effects | 3 | 152292 507638 | 351.19 | 0.000
2Way Interactions | 3 0.0390 0.01301 090 | 0.503
3Way Interactions | 1 0.0001 0.00008 001 | 0944
Curvature 1 0.1432 0.14321 991 | 0.025
Residual Error | 5 0.0723 0.01445
Pure Emor | 5 0.0723 0.01445
Total 13| 154837
Table 6 Pearson correlation analysis
Level Correlations
(Ra and Vibration Amplitude)
1 -0.989
p-value=0.011
Feed 0 -0.826
(mm/teeth) p-value=0.043
-0.918

p-value=0.082
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