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On the Calculation Method for the Reliability of Chatter
Stability in CNC Milling
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Abstract: The system parameters in the process of milling generally have randomness, which
influences the stability of milling. The neural network was used to make a comprehensive analysis
of the effects of random factors in milling, and a method for the reliability analysis of regenerative
chatter stability in milling was proposed. A dynamic model for regenerative chatters of milling was
established, and the stability lobe diagram was obtained by means of full discretization. The neural
network was applied to approximate the functional relationship of the limit axial cutting depth,and
the reliability was then calculated with the Monte Carlo method and first order second moment
method, respectively. Finally, the results of an example were used to demonstrate the efficiency
and accuracy of the proposed method based on the neural network.
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Fig. 1 Dynamic model of milling
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Fig. 2 Topological structure of BP neural network
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Fig. 3 Flow chart for calculating chatter stability
reliability by the BP neural network

2.2 EBHFFiE

SERER PNEBA W PR R 2L JF BLBEE
B E R B A, TSRS B 2 v 20T E )
FEA AR 7R AR i 1 25 (8] N AR R AILRE AR
SRIFARA ZR GRS R SR L 238 g wie) )0 A2, 1) ] Bt BILAE:
AR R e N7 M SR R RN e T A HE R A
BERAFIE RS R, AP TR

1) AR FEAAS T AR, 2R n ASFEHL
FEAR x,(i=1,2,-++,n).

2) ¥ n ABEHFEASCA T REVE AR AL
THRLE R N g (x,) .

3) G R ARBURIFEARLL, 1IEH n,.

4) W RPINAEAURAT R A P, B

n
fz;f. (19)

SRR P B e SUR TR R AR, 76 52 PR
TAREPARMERNL . R, SR 2k 2 AE bR s
UEHAB T VR B R PE.

2.3 H#t—IRZKiEE

SFBR TR — IR A SR AR AT AR
LU R QN 15207 X i [ RTINS R A 1 e
FIE AR SCR B R BT 5058 505, RISt —k —
B

BRI BRI T S 2 M R D RE BRI BCH

Z=gy(x) :aplim<'xl WXy, X,) —a,. (20)

X, a, BRI DI
Bex™ = (x,x x0T BRI
) — i, TR x " A (20) $% F B AR TT T
Bz —u A
L gy (xT)

Z, :gx(x*)‘*'z ax.

(Xi _xi*):()'

(1)
BT (21) R A% Z, 10 RIBRHE 2 , 7
KR TR RES b E X, RAS

i agx(x*)w )
M = X, oo
B — Zy — i=1 i ) (22)
T2, N agx(x*) : 2
o
2 X, .

AR T SEPEFE AR i L AT 28 5L, 7T LUK ] 5
[F] R A Ay B LA ) A
min 8 = zn, (X: _Mxi)z )
il Ty
s.t. go(x,x ,x)) =0. (23)
FIEEVESEAS B SATSERE P R RN
P =d(B) . (24)

3 PrESH

fEE BB PR BR 2R 58 x 7 015 y J7 18] B9
SR R X RR B, RGE Bl H o B RO
AR AR 1 TR,
®1 BATENHERSHEMNE

Table 1 Probability distribution characteristic of
random variables
RfMLAE ¥ bR Gy AT A
K, 6 x10°* N/m*> 3 x10" N/m’ ER
K, 2x10° N/m* 1 x10" N/m? ER
c 5.089 N-s/m 0.05089 N-s/m  IEZ&
k 1.34 x10° N/m 1.34 x10* N/m  1EZ
m 39.93 g 0.3993 ¢ ER
3 0.6 0. 006 IER

2 EEFE 0 = 10 740 r/min B, B BR %l ]
YIRS/, SO 22 A BiR 1 mT BEPE e, s Bt
PR PEAT R e MR ] S8 AL A BP i R 4%
LA e Bty 1 DO e B e 1 =X, S B il ) DI R B
8.3 x 10 “m,, Fi4 il FH 52 R R B IE il — IR By
SR E R EME TR, K 2 ARy el
SEFESE TS LY, v b 28 ) 45 (N R AR B
500, SRR B L A RE AR S R 10°. H &5 SR AT
DI BT BP M2 R 4% 1Y ] 58 B 105 7 v 1



,g_ ||>1

L) Ae TERIRAL E M T %

Bt ok 679

K AR T HIRERE AR B (IR LT, HORS B
u%imwﬁx%%@%MﬁF%”*T%L
— IR B X 5 BP A2 4548 A 0 BR
IR F A XA LR A — K &L 7 bR
TR AT L A AR AR S o Bl 1] 0 O 1 BT
) I e T B, 24 B ) DR
8 x 10 °m B}, i 5E i S 42 =51 0. 993 5.

*k2 TFIREERIEER
Table 2 Comparison of reliability results
. . BP #2045 .
TR i s wrekm oY
A AERE 0.924 6 0. 968 7 0.967 0
4 4 i
BEHI N b PR s 2 BRI HOE S A P Y 325

BEA, T B e 2 2 Az — AT T B
IR E B BRAS E M, BT BP Bl 22 2% %) 4
Hlhn T B RAS E P TR BT O R AT TN,

ZEA AT T REATL N 20 B BRIR AR E P iR

SOMAF SR TARRBL. SR B3R T i3RI A
IF) Al 3T ) B A P T B, R S a0 A A
BEHIOLFA B e 0 TR B LR TR HAT E

SE W

(1] s, 2. s ghm n T #2205 505 fhfk . A Bk
5 TARRI[M]. et Atz Tl th it ,2010.:57 - 93,
(Liu Qiang, Li Zhong-qun. Simulation and optimization of
CNC milling process [ M ]. Beijing ; Aviation Industry Press,
2010:57 -93.)

[2] Altintas Y,Stn G,Merdol D, et al. Chatter stability of milling
in frequency and discrete time domain [ J]. CIRP Journal of
Manufacturing Science & Technology,2008,1(1) ;35 —44.

[3] Altintas Y,Budak E. Analytical prediction of stability lobes

in milling [ J]. CIRP Annals: Manufacturing Technology,

[4]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

1995,44(1) :357 —362.

Merdol S D, Altintas Y. Multi frequency solution of chatter
stability for low immersion milling [ J]. Journal of
Manufacturing Science & Engineering ,2004 ,126 (3) :459 -
466.

Smith S, Tlusty J. Efficient simulation programs for chatter in
milling [ J]. CIRP Annals: Manufacturing Technology ,1993,
42(1) :463 —466.

Campomanes M L, Altintas Y. An improved time domain
simulation for dynamic milling at small radial immersions
[J]. Journal of Manufacturing Science & Engineering ,2003 ,
125(3) :416 —422.

Bayly P V, Halley J E, Mann B P, et al. Stability of
interrupted cutting by temporal finite element analysis [ J].
Journal of Manufacturing Science & Engineering ,2003,125
(2):220 -225.

Insperger T, Stn G. Semi-discretization method for delayed
systems [ J]. International Journal for Numerical Method in
Engineering ,2002 ,55(5) ;503 - 518.

Ding Y,Zhu L M, Zhang X J. A full-discretization method
for prediction of milling stability [ J]. International Journal
of Machine Tools & Manufacture ,2010,50(5) :502 —509.
Iglesias A, Munoa J, Ciurana J. Optimisation of face milling
operations with structural chatter using a stability model based
process planning methodology [ J]. International Journal of
Advanced Manufacturing Technology,2014,70 (1/2/3/4) .
559 -571.

TR PNERL, PO IR, A5 BE I B IR B H AT
(3], HAEPURS A S TR ,2015(12) .8 - 11.

(Feng Ji-lu, Sun Zhi-li, Sun Hong-zhe,et al. Investigation of

& 53 B

the milling chatter and its probability [J]. Modular Machine
Tool & Automatic Manufacturing Technique, 2015 (12)
8-11.)

Ding H,Ding Y, Zhu L M. On time-domain methods for
milling stability analysis [ J]. Chinese Science Bulletin ,2012 ,
57(33) :4336 —4345.

Gradisek J, Kalveram M, Insperger T, et al. On stability
prediction for milling [ J]. International Journal of Machine
Tools & Manufacture ,2005 ,45.769 —781.

Farkas M. Periodic motions [ M ]. New York: Springer-
Verlag,1994:151 -202.

HR%, b, F4E % MATLAB FiER % (M
AR AL, 20151 - 37.

(Yu Lei, Shi Feng, Wang Hui, et al. MATLAB intelligent
algorithm [ M ]. Beijing: Beihang University Press, 2015
1-37.)

1 demt: dent

H SO0 0L 0000000000000 0000000000 0000000000000

(L#% 674 )
[11] Thirunakaran R,Kim K T,Kang Y M, et al. Cr**
LiMn, O, spinel intercalation cathodes through oxalic acid

modified

assisted sol-gel method for lithium rechargeable batteries[ J ] .
Materials Research Bulletin 2005 ,40:177 —186.

Wu C,Wu F,Chen L Q, et al. X-ray diffraction and X-ray
photoelectron of Cr-doped spinel
LiMn, O, for lithium ion batteries [ J]. Solid State Ionics,
2002,152/153:335 - 339.

Chida Y, Wada H, Shizuka K. Relationship between cycle life
of Li(Mn, _,Li,)O,_; and oxygen deficiency 8[J].
of Power Sources 1999 ,81/82.454 —457.

Zhou X Y, Chen M M, Bai H L, et al. Preparation and
electrochemical properties of spinel LiMn,O, prepared by

[12]
spectroscopy analysis

[13]

Journal

[14]

[15]

[16]

[17]

solid-state combustion synthesis [ J ].
49 -55.

Tang W,Liu L L, Tian S, et al. LiMn,O, nanorods as a
super-fast cathode material for aqueous rechargeable lithium
batteries [ J |.
1159 - 1162.
Liu J,Manthiram A. Understanding the improvement in the

Vacuum, 2014, 99.

Electrochemistry Communications, 2011, 13,

electrochemical properties of surface modified 5V LiMn, 4,
Niy 4, Co, 16 O, spinel cathodes in lithium-ion cells [ J ].
Chemistry of Materials,2009,21:1695 —1707.

Suryakala K, Paruthimal K G, Vasudevan T. Synthesis and
=0.1-0.4)
cathode for Li-ion battery [ J ]. Materials Chemistry and
Physics 2007 ,104 479 —482.

characterization of Cr-doped LiMn, _ Cr O, (x



