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Fig.1 Schematic diagram of the tool-workpiece system
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Fig.2 Change of cutting thickness by the transverse vibration

of the cutting tool
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Fig.3 Conditions of stable periodic chatter for piecewise smooth system
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Fig.4 Critical conditions between parameters () and w, u,

ZH Qo BT SEIR(Q,0) 53 AP
Ry s i A BT DX T R AR g 1, 7 X T O
R R, T IR X — 4518, TESHU (Q,
) PHEERCT PR AL A R B, A TR T O
DR I, 5 B A Tl 4 b 05 DI 13 24 B,
AFAE SR — B BE (B 5 (b)), it T34 A
FHRE AR 25 [ AN SR S E (P 5(a) ).

o 15
0.02 10
001 5

Y,

Y !
0 [
001 5
-0.02 10
EY 15

003 002 001 0 001 002 003 -10 5 [) 5 10

X, X

(b) A B XTREAIAHE
(b) Phase portrait for point B

(2) A X RIHE
(a) Phase portrait for point A

K5 FER 4(a) X8 T AT E g i A

Fig.5 Phase portrait of points in regions I and Il'in figure 4(a)

ZHQ Mp, HIGRLWESET(Q,un,) R
SANER A bR DX TR RS A, P X T A
EARFERL N T I — 4518, fE S HBIR(Q,u,)
I T =45 A B A1 C, 5 B Frpla X I,
A A C I T IXER AN [ X T35 B, #§
PR AR GE (B 6 (a) ), X TS50 A AN
ZHL C AR A AR 2 TR AE e R B (& 6 (b) Al
(¢)).

04
15 03
10 02
5 y‘
N 0.1
o
0
5
10 -0.1
15 02
- 03
-30 -20 -10 0 10 03 02 0.1 o 0.1 0.2 03

x, X

(a) i B XN ARIATE (b) £ AXREfAARE
(a) Phase portrait for point B (b) Phase portrait for point A

-20
-40 -30 =20 -10 o 10 20
X]
(©) i C XM AR P
() Phase portrait for point C

Ko TP 4(b) Xk I E 5007 (4R ) A0 et 14
Fig.6 Phase portrait and Poincaré map of points in

regions [ Il I in figure 4(h)
3 EZRERSIHHERL

N T E Ty HrEiRis sh AN R 2R, AR 3
T B S B T BRI IR I R e R NS
g Q0 280 il B R SR 0 2
AR S S P R IR PR e A 250 Q X R GEgh T
FAT BRI,
x3 BSHOUIMNIRESH

Table 3  System parameters except parameter )

M Mo M Ui R L w
0.05 0.12 0.10 0.08 30.0 50.0 2.0

st Q WA E N 7 Bios, NER AT A
BEE o3 7 SEON R, RS R R —i2 3, 45 A 1)
Oy EI s s b Q FReRi ok A R
4325 B E UAZ B AE E T (b)) SRl R 1R A g
A

12
e

o Al g

8
2 4 6 8 10 12 u 138 139 14 141 142 143 144
Q Q

(a) ZRQMERHEH
(a) Global bifurcation diagram of parameter Q

(b) SRS 2

(b) Local amplification bifurcation diagram

E 7 S8 QRnERE

Fig.7 Bifurcation diagram of )



354 g % 5 & 6 ¥ W

2018 4E55 16 4

& 8 iR A e Q=0.7 I py g & Hod
SCIRAS Fn T VTR | -2 BRFE AR XA
() Al B T A BRI 2 A B A T2
B K B 2377 4 hopf 4370, 8 9 BRI Y Q
=2 B, RGP A T — DA BRIR. B 9 J&AHF1fT (),
y,) BIAHIEL

0.04

0.03
0.02
0.01

Yi o

-0.01

-0.02

-0.03

-0.04
0

t x10*

E8 0=0.7 4bimtialA
Fig.8 Time-domain figure when =0.7

-20 -1‘5 -1‘0 \‘5 (‘) é 10
X
K9 Q=2 4pytHE
Fig.9 Phase portrait when =2
M QHRE] 10 B, REEEL TR i3k

A Q MABHE R, RGOR 2 A 22, 5
EeabS)i b ivaveysil

-40 -30 -20 -10 0 10 20 30 6 8 10 12 14 16 18 20 22

1 X,

(a) HIE (b) Wi
(a) Phase portrait (b) Poincaré map

B 10 Q=16 440 E B
Fig.10  Phase portrait and Poincaré map when =16

TEFEL 10 25 B AH R 2 m REEBE] T
RIS SRS R, Q 8 RF] T 16, dtknl WL, U]

HlizZh MFEPIRZS , 28 )52 SRS, 2 A 15 1Y)
PAx i I piil 1N {=AL O SBIEN 2.3

4 #ig

ARSI T TTIA ) Ik 3l 5 T A e Ik s A
AR A i BB AR ) ) oo e ) B R s
3y, ISR T ER & A A AR e B (A
Xl St 2 EEAT T SRR, eSS AR T A A1
- B IR DT T H ) 1 22 2 00 D) IR 2
FEHEREE SO R BT T i T RE A S B R
XF RGBT AT 9 W R . 25 S R N, &
el REPRIFARE A DT HIIRZ 5 24 2 Al B 1o A
Il S, R GEHs T RE A L BRI AR

2 £ X W

1 Tobias S A, Fishwick W. Theory of regenerative machine
tool chatter. The Engineer, 1958,205(7) :199~203

2 Tobias S A. Machine tool vibration research. International
Journal of Machine Tool Design Research, 1961,1(1-2) .
1~14

3 Tlusty J, M. Polacek. The stability of machine tools a-
gainst self-excited vibrations in machining. ASME Interna-
tional Research in Production Engineering, 1963,1(1) .
465~474

4 FuZT, Zhang, X M, Wang X L, et al. Analytical mod-
eling of chatter vibration in orthogonal cutting using a pre-
dictive force model. International Journal of Mechanical
Sciences, 2014 ,88.145~153

5 Ahmadi K. Analytical investigation of machining chatter by
considering the nonlinearity of process damping. Journal of
Sound and Vibration, 2017,393.252~264

6  Tamdas G, Molnar, TamasInsperger, et al. State-dependent
distributed-delay model of orthogonal cutting. Nonlinear
Dynamics, 2016,84(3) . 1147~ 1156

7  Moradi H, Vossoughi G, Movahhedy M R. Bifurcation a-
nalysis of nonlinear milling process with tool wear and
process damping: Sub-harmonic resonance under regener-
ative chatter. International Journal of Mechanical Sciences,
2014,85:1~19

8  Wagg D J. Rising phenomena and the multi-sliding bifur-
cation in a two-degree of freedom impact oscillator. Chaos,
Solitons & Fractals, 2004 ,22(3) :541~548

9  Souza S LT D, Caldas I L. Calculation of Lyapunov expo-



5 4 1]

WG A5 < vy D) I AR R BR B G 00— )l BE AR TR S 355

10

11

14

Abstract

nents in systems with impacts. Chaos Solitons & Fractals ,
2004,19(3) :569~579

Ji J C. Dynamics of a piecewise linear system subjected to
a saturation constraint. Journal of Sound and Vibration
2004,271(3-5) :905~920

Granados A, Hogan S J, Seara T M. The Melnikov Meth-
od and Subharmonic Orbits in a Piecewise-Smooth System.
Siam Journal on Applied Dynamical Systems, 2012, 11
(3):801~830

Sheng L J. Limit Cycles of a Class of piecewise smooth
Liénard Systems. International Journal of Bifurcation and
Chaos, 2016,26(1) :0218~ 1274

Xiong Y Q. Limit cycle bifurcations by perturbing piece-
wise smooth Hamiltonian systems with multiple parame-
ters. Journal of Mathematical Analysis and Applications,
2015,421(1) :260~275

w5 BRAT, X Jeat. — 283 BOL Rk REERAE LN
Byt Ir k. J1ssEAR, 2015,48 (1) 192~ 200

15

16

17

(Gao X, Chen Q, Liu X B. Nonlinear dynamics design for
piecewise smooth vibration isolation system. Chinese Jour-
nal of Theoretical and Applied Mechanics, 2015,48(1) :
192~200 (in Chiniese) )

Liang F, Han M. Limit cycles near generalized homoclini-
cand double homoclinic loops in piecewise smooth sys-
tems. Chaos, Solitons & Fractals, 2012,45(4) ;454 ~464
Bernardo M D, Budd C J, Champneys A R,et al. Piece-
wise smooth dynamical systems-theory and applications.
London ; Springer-Verlag, 2008

AT | 7 B T, SRR, — AT ] BRI 1 4 B
JEIR B R SR B Ty A A 22 N 580 KR AR,
2014,33(3) :41~45 (Zhao L. Y, Shi Y Q, Jiang C X.
Research on the Dynamic Characteristics of the Piecewise
Smooth Vibration System with a Clearance and Subjected
to Friction. Journal of Lanzhou Jiaotong University, 2014,
33(3):41~45 (in Chinese) )

ANALYSIS ON CHATTER VIBRATION OF A
TWO-DEGREE-OF-FREEDOM NON-SMOOTH

SYSTEM IN HIGH-SPEED CUTTING PROCESS "
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"

Yin Shan?
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The chatter dynamics of a two-degree-of-freedom model in the high-speed cutting process was ana-

lyzed. A set of four-dimensional piecewise equations with the segment of cutting force were constructed for the

model at first. Afterwards, the influence of the dynamic component of the cutting force on the cutting chatter was

studied, and the condition of the chatter was derived by analyzing the associated characteristic transcendental

equation. It reveals that the Hopf’s bifurcation occurred at a positive steady state as bifurcating parameters pass a

sequence of critical values. And the results of the analytical calculations are verified by full numerical simulations.
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