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Excessive vibration and noise in thin aluminum sheet milling reduce machining
stability, tool life, and surface quality; however, systematic studies remain limited.
To address this gap, this study investigated acoustic emissions during skin milling
using spectrogram analysis and finite-element model analysis performed with
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Ansys. Experiments were conducted on 2 mm aluminum sheets, with acoustic
signals continuously recorded under varying spindle speeds. At 2500 rpm, forced
vibration and self-excited chatter dominated the response. At 5000 rpm, excitation
frequencies approached the natural modes, producing resonance and position-
dependent variations in vibration intensity. At higher speeds (7500-8000 rpm),
harmonic components of forced vibration prevailed, reflecting the increasing
influence of tool rotation on dynamic behavior. The results confirm that vibration
characteristics are governed by spindle speed, machining position, and structural
stiffness, and they can be effectively and reliably utilized for real-time monitoring
to enhance process stability, extend tool life, and improve surface quality.
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z: number of tooth

al

Kl

. dn

3.1 2E o4 %I'_I-

ARG o) A|ARg
oﬂ e}t oF 40 Hz Yol e
ol A FA Ak A
2 QIs) X)X WA HApt

o= @% %6}7] Sfat, A|x|5e] f& 74

o 32 242 2o
H}-O]/\Q} .F]OH

4g Zd_xiLl T 450l B s} TRUEA 566 HiZ
HEEQIIL, ol Aol BHE 28 U Fao] 71 24
3 ol

ANBE 37 7 Fakeo] AeulolN ZANES Ssto],
71 F3k4-9] 40,500 M = AHAE(AE o] AR 4 9

ol Qe A A

Zolle #34 Hz 919 =3 4 A=
ZFuk4> A 8ol ZAlo] UE} FEM 2E(866~6,478 Hz) %t

N

FHEC. Wepd et 7Y 1 FagwoR 34 g
B 4 glon], 713 JAgt BT Jo] DA of 2o wet 5



Dong-Geon Kim et al.

Mode 1 Mode 2 Mode 3

Mode 4

1061Hz 1901Hz

2388Hz

Mode 5 Mode 6 Mode 7 Mode 8

2664Hz

> 3633Hz
Mode 10

3689Hz
Mode 11

467THz

Mode 9 Mode 12

o 4979Hz

Fig. 2 Natural modes of aluminum sheet

st

Fig. 2= Y205 ¥PRo] 1ARE 124712]9] 2E F4at o
S NEAZSE UERATH A MR LE(866 Hz)= vl 2obr
7} otz 253t 7Hg 7141 Fefold 1, 4, 8 WA BEs
3T °l% WEFE lllﬂ} 2 =F(nodal line)o] YERHTE & 3=

ol e} B4 mert A 7RI AL
AAE 5 °‘E} BE 12 390l ¢l =9 R](anti nodal line)
o] Qo] FUE 7t wl 7FE A 7RIE, BE 4 = 9=
of rgf k=g ZRRI0] Jlof 25 52 7T ol 7IE & ok
vz Eo] =9 2R1g et o] Fshd R1Zo] A9} vehA| o
=0 gt Fd2 éfﬁl—E—EJE‘*OHH 7Hs A ST Aolg
Aol 27171 Eo, Tt Fake ) vlart ofyet RE @i
I E AR JeAge

2 WA BE(1061 Hz)=
HE(1901 Hz)= AS S0l e =5
A ) 2l%go] Fotx|aL, QHE] =

= O =

}L’Iﬂ— JFOolEE

AES ol ZQES

o 2150l AR 4 Stk aA BE AA] 7 Fate Gl g
9 XE Fde MEststol HojEeh

IR RE A2 gk 7t Al ofE 23iolA] FRlo] WAysk

L, of= fIAelN FYol FEHEAIE AFell 5T 4 Sle

2AE AT
3.2 2500 rpm 7t

7Hg AlA of 1.5% Zofl vehbs Al 7Hef 21t ARG 24

Z2)9] A=o 2 QI3 WS HiAl AS(white noise)o|H, 7}50]
AAEH 5ol tigshe Fate RS0 HEsHA HaE.
2500 tpm RZ0A f = nx 2/600] QJsto] T & 7171 Fuk
83.3 HzZ AAIEIQ3, Fig. 3(a)~(c) AHEZ I sloA &
o] 7k Fats 489 83.3 Hzzt 718 34 et athge
2 875 Hz, 417 Hz, 1125 Hz £22 73t A &o] gRlL]jch

62

Spectrogram

+0dB

-10dB

-20 dB

dB

-30dB

-40 dB

-50 dB

Spectrogram +0dB

-10dB

-20 dB

dB

-30dB

Frequency (Hz)

-40 dB

-50 dB

6.0 7.5 9.0 10.5
Time

(b) Left

Spectrogram +0dB
-10 dB

-20 dB

dB

-30dB

-40 dB

-50 dB

7.5 9.0 10.512.
Time

(c) Right
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Table 1 Vibration characteristics of aluminum sheet under different
spindle speeds

Spindle speed | Tooth pass Self exited Frequency
(rpm) frequency (Hz)| chatter (Hz) |pred. error (%)
2500 83.3 875, 1125 1.04, 6.03
5000 166 2251 -5.74
7500 250 None -

8000 266.7 None -
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