Modeling and Simulation ZE#51{5#, 2025, 14(4), 429-440 Hans X0
Published Online April 2025 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2025.144299

ETVMDK B ZE R # R B 7 iR A

WA, FREK, &K
TR AR, i

Weks H . 20254F3H 150 FHER: 20254F4A8H; KA H: 20254F4H17H

wm B

BiRZVURGHIN L aoc i, ERRNLAERS THRE, FEENTRENEAEER L.
A0 H — P E TR RSB S D REEE S BHIBIRIRA TS, SNBSS Bk
R, RAREEREESR/MEEERE G BENULER, SASHERIMN: EToRESHR
BHHRAEES B, EMFESUERERETM; SIADIRBEEATIRRMN R, R ESE
MEFHSEBHRR SRR . STRAERERHN, T ERBHE R TRRTS.

Xiid
Hilk, ZABSHR, WERRHEDR, DEREH

Simulation Identification of Milling Chatter
Based on Improved VMD Algorithm

Junfei Xu, Weidong Li, Jinhuan Su

School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai

Received: Mar. 15t, 2025; accepted: Apr. 8, 2025; published: Apr. 17t, 2025

Abstract

Chatter is a critical issue in machine tool milling, seriously affecting machining efficiency and work-
piece quality, so early chatter detection is of great significance. This paper proposes a milling chat-
ter identification method based on optimized variational mode decomposition (VMD) and power
spectrum entropy (PSE). To address the challenge of VMD parameters selection, an adaptive opti-
mization strategy combining sparrow search algorithm (SSA) and minimum envelope entropy (EE)
is adopted to achieve efficient parameters optimization. Based on the energy ratio of the decom-
posed signals, intrinsic mode functions (IMFs) are selected to reconstruct the signals and eliminate
noise interference. PSE is introduced as a chatter identification index to extract characteristics of
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simulated signal and achieve accurate identification of chatter states. Experimental results demon-
strate that the proposed method can effectively detect chatter.
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WER A, B RZE K FIEST T o WEHRIE 5 MR AR, 56 HIEESH, MiReE
4% 595 (Sparrow Search Algorithm, SSA) RS i 13 B LR -

DRI, 10 S BRI A o ARG, e A0 75 TR0 VMDD S0 345 o) i, A SCHEH — it T SSA-
EE-VMD %5 & Ih % 38 (Power Spectrum Entropy, PSE) SR IR A 7772, DL vE A 2 B B R A 1E
2. AR

AL T il R R N L SE R R AR S IE S 5, AT FRT 04715 5 BR A 1)
BEEMREIE. SRR SSA 4 & 48 (Envelope Entropy, EE)XS VMD 7 i 2 Kuidt AT S FFIH]
RS HHAT VMD 73l TR ECRE S & EL e I AE R ZS 73 & (Intrinsic Mode Functions, IMFs)i#4T{5 5 &
FILLTE BRI S T . S 3REUE 5 i) PSE /E AR IR FE R -

2.1. BHESSRIRE

VMD {ERE M BIERAE 5 B 7E, B AEAE 5 MR RS A M B e i 2, DT PR = 28 32
WAEPRE S BRHE. VMD L EMD B A 54 4% I IR B, AR o 2 A A SR A 4% 7 ) i [8]

VMD [ BAR T i R U T

DOI: 10.12677/mo0s.2025.144299 430 RS R


https://doi.org/10.12677/mos.2025.144299
http://creativecommons.org/licenses/by/4.0/

mRK %

AR L WIERIGES X (1) D, A Q)FR, HER L AR,

min :{; 6, Kg(t)+”lt]uk (t)}e“"‘*t 2} o
s.t.zk:uk =X(t) O]

A, kN ERRIBSECH, u (1) N RREE K MRS R, o IETHRI RO, o IRES X (t)
KT tIRSEL 5(t) AIKRL TR AL
YR 2. RSB HIRT p (t) M XTI T o #iE A X3 Rk B H g, A XE)Ps.

Lo o) =a 6{(5(t)+ﬂltuk (t)ﬂe‘j“’kt 2 X(0)-Zu, (1)
+(7/(t), X()-Xu (t)j

A PR 3 FIRE8 5 e RN 2 2 (B)IB AR i«
AP 4. BEDR IR, HRLGRWELAN(E), MW u (t) BARRES & .

2
+

2

? @)

LY @)

X 2 DR 3 IARIEL, & MURSRZE
22. RERRBEETH

221 WERREERE

SSA HE R — MR AT AN A KA, BA SRR E. GRS WSO
PSR BE i S5 25 [9]

SSA KRRERI 7 R I . I SEME, ALE 5 man A (5) (6) ().

RIEANE -

X i (t)-exp[Q_—_iTJ, R, <ST

X (t)+M-W, R, >ST

X (t+1)= (5)

AR, CASEEAYEL T AR X () W5 45 T FUREIGIE, Q A[0.1] ruBBHLLL.
M OHIEAAGHBENLE, W REZ N L MSEHE, R, AT, ST Michfd.

PN EDACR
M ~exp[wj, i>0.5¢

X (t+1)+[x;; (1) =%, (t+1)- A"-W, i <0.5g

X (t+1)= (6)

Ao x, (1) N DOERIBENLE, X, (t+1) A+ LUGE IR E, ATAITER 1 -1 IR,
g AMERE .
N ENLE

DOI: 10.12677/mo0s.2025.144299 431 5 1 A


https://doi.org/10.12677/mos.2025.144299

TR & %

X, (t)+ﬂ|xi'j (t)— %, (t)| fi > f,
X, (t+1)= X (t)+D{|Xi’j(t)_XW(t)|J, f=f Y

(fi—f,)+e

X, pASKIRESE, D NEMRITHIIBENE, e NPiILSREA 0 B f RS SEHIE M
FEME, £, £, 2300 R SN e AR AN R 223 N FE 1
222, BRERBEMCLE

SSA FiF T MR IE N B R BUE 10 KN RE IR 8. 1 EE AT LU BUR NS SR s R, i1
N R R R, ARG T TP I BURAS S E /2 [10]. [RItk, DL EE /E2A SSA (P& R %, Hit&

RN A K (8).
E, :_ipj Iog(pj)
j=1
a(j)
Pi==3 ; (8)
> A00)
a(j)=yx"(i)+% (i)

A, B, N p, B, I NES ML pyva()) A ERER, a(j) vEBHEES, x(j) vE
259, X(J) Hx(J) AR AR RIS S .

T R R B VMD SHIEARE, DL IMFs 173 .25 4% (Average Envelope Entropy, AEE) & /NN
AR B AR, AEE EMTHE IR A X (Q)FTR.

A
minAEE=min%ZEpi 9
i=1

X, ANARMERGS BN, E, NS ARMERS 2 B 2R E .

SSA flitt. VMD S 2K i B AL BN -

AYR 1 YIS SH IS H K o FBUETER . KB AVERE I EHE] . B RE . RESE.
ESANVE /& T

PR 2. TG DU R A3 5 PR K R T 44 £ 2 O 5

YR 3. THETHEAE I R IE . I B E

PR A AR WS B (1038 N EE B HUELR 17 5 PR E BRI o L

ARG AW IR, PR VMD MRIESHALG .

2.3. ThERIBME

PSE & & AR5 B ESE T iy R, RATE (S S5 5NE / AR 4R FR[11]. HEETE SESHE L)
oA R ERE, RPN
YR L IFRAE SR ST RENN MESB s =[5(1),5(2),-,s(N)], HIFETRRAA
3(20)-
1

Ps(Wi)=27[—N s(w, )|2 (10)

A, s(w) AET KA FRT, w A% MR

DOI: 10.12677/mo0s.2025.144299 432 5 1 A


https://doi.org/10.12677/mos.2025.144299

wRK 4%

AR 2: PR SR K5 S DRI ORI A, R R s B 2 A Fror .

i=12,---,N (11)

v, PP (w) R EE.
B 3 HEIIFRERE . R E AR (12)1H 5 PSE HIMEH .
H= —ZN:Pi InP (12)
i=1
s LT InN #4773 — 1 ab 3, AR A3)FTr.
_H _-X'RInPR
“InN  InN
JA—ALJ5 1 PSE M E /27E [0,1] I —MRAH BANINE b, JHERGL T 1 RoR 5 S50 11 25 51 HLE
B, BEET 0 Rt /A 42 b FLAAE .

3. SRR
3.1. #EHIMMIscH

3.1.1. BEHISSIEEE

BRHIN TS R4 1 poR, FEBBEEHUR. T T UIHI )R SRR
RAEDCFT R . B 925606 7E — 4 FANUC ROBODRILL $i% 8k Eik47; S2i6 TR H K 55 9 140
x 130 mm. =Y 62~70 mm £ 4R A 4 7085 R T A% S8 77 0k F DU A S A4 5T 4 4 7K R
Wit 7], FHMSEUNE 1 Fn. BEAISERSE RO R AR IR T, SR T .

(13)

Table 1. Experimental tool parameters
%1 ZHITESH

JIRVi% JIH B4 (mm) JIHALEZ (mm) HRTEHA () JI B (mm)

(@) FERBA T AR ©) AT R (c) LIRS R 435

Figure 1. Milling experiment system
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Table 2. Experimental machining parameter
F2 FEMISH

75 T HhFEIE (rpm) A 1R (mm) ZRYIR(mm) HELA T3 (mm/min)
1 6000 0~8 2 600
2 8000 0~8 2 600
3 10,000 0~8 2 600

3.2. BRIRSHR

3.2.1. mIWRER9
BEHREE 2 AN A S oG HEAT 04T o MR L TR AR s B 45 5 AR Hef 3l il T A8 ARG ) 43 B IR 265
mnE 2 frws.
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Figure 2. Original acceleration signal
B2 RIamMEEES

K2, adlor b TRERHIMRE, b # 4 TREMBIRRE, ¢t T mERRRE. NX=
TP A BEHLE A — B 0.2 s 9T SREATX B AT, S5 5R WK 3 Fro.
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Figure 3. Time domain diagram of stable milling, slight flutter and severe flutter

E 3. REGH, BHER. mESRKSHFREE

3@)~(c) A RE LM BMER . ™ BRI I 75 S A, e RS T I A5
SIREBNHAP R BRI T E S IR ER EEON P22, ™ EERIE T KE S IEE SR 2,
HERARENE AP ERHE .

3.2.2. SRS
NEAER SRR O HERETE, B 3 FIRS I TE 5 0 BB T FFT 20071, 45 R a4 Fios.

3 T 1
G, 11f i
£* of 15¢
g
0 A 9, h I A
0 500 1000 1500 2000 2500
i [Hz]
(a) e HhHl
15 T T T T
ol 1f 1575Hz 152 -
a 5l i
=
o A PR A A A
0 500 1000 1500 2000 2500
5% [He)
(b) 5 BB
15
< 1575Hz 19750
TR N
£" d \| 15
o o5 -
=
0 LA ,\_M An,
0 500 1000 1500 2000 2500
5% [Hz]
(o) ™ il

Figure 4. Frequency domain diagram of stable milling, slight flutter and severe flutter
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Figure 5. SSA optimization process for VMD parameters
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Figure 6. Time domain and frequency domain diagrams of SSA-EE-VMD
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Figure 8. Reconstruct simulation signal and original signal
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Figure 9. Normalized power spectral entropy of simulation signal
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Figure 10. The original signal, reconstructed signal, and normalized power spectral entropy
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