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Probabilistic Analysis for Cutting Force in Orthogonal Cutting
Using Monte-Carlo Method
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Abstract; Considering the effect of random factors, Monte-Carlo numerical simulation method
was used to study the statistical distribution of cutting force in the process of metal cutting. The
model of parallel shear zones unequally divided was established to solve the cutting velocity, shear
strain rate and shear strain. Control equation of metal cutting materials and temperature control
equation for shear zone were constructed to calculate shear stress and cutting force. Extracted
samples from the distribution information of cutting parameters were substituted into the cutting
force model to calculate the cutting force and its probability characteristics. Thereby an orthogonal
cutting force prediction method was presented based on Monte-Carlo method.
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Fig. 1 Model of unequally divided shear-zones
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Fig. 2 Schematic of orthogonal cutting force
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Fig. 3 Flow chart of the cutting force prediction based on Monte-Carlo simulation
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Fig. 4 Probability density function of cutting force

1.0

0.8}
5

Sos6f
.4}

0.21

0 . . .
800 1000 1200 1400 1600 1800
FIN

E5 YIRIABERSHEY
Fig. 5 Probability distribution function of cutting force



258 Rk 3 F (B RAER) % 36 %
1.00 [3] Lalwani D I,Mehta N K, Jain P K. Extension of Oxley’ s
predictive machining theory for Johnson and Cook flow stress
model [ J ]. Journal of Materials Processing Technology,
%0.50- 2009,209(12/13) .5305 - 5312.
B (4] 5RSCIR. HUBE RIS BT e 5 e LT ] HLAR TR %
2,2010,46(14) .167 - 188.
) (Zhang Yi-min. Connotation and development of mechanical
0 K . . . . . reliability-based design [ J ]. Jowrnal of Mechanical
800 1000 1 20%/1\11 400 1600 1800 Engineering ,2010,46(14) :167 - 188. )
[5] Astakhov V P,Osman M O M, Hayajneh M T. Re-evaluation
Fig. GEI g Ol’riE aﬁﬁﬁgﬁ?ﬁn test of the basic mechanics of orthogonal metal cutting: velocity
diagram, virtual work equation,and upper bound theorem[J ].

6 p H International Journal of Machine Tools and Manufacturing ,
=H = 2001,41(3) :393 -418.

[6] Tounsi N, Vincenti J, Otho A, et al. From the basics of
%T%%—ER} 7{‘% jﬂ y % .':lj T #ﬁf‘ Eﬁ Jﬁﬂ E’IJ ﬂ] orthogonal metal cutting toward the identification of the

i 7 e I 5 A %éﬁiﬁﬁj‘*ﬁﬁ(ﬁ Lﬁ%éﬁjﬁﬂ H 7 constitutive equation [ J]. International Journal of Machine

?Jﬁ()ﬂﬂﬁ/ﬁ*ﬁ H , jgiﬁff%ngﬂ;a‘%ﬁ j%*"l'%% Tools and Manufacturing ,2002,42(12) ;1373 —1383.

é&\bﬂiiﬁ%ﬁﬁm%%ﬁXﬂ'ﬁi\}%ﬂ]ﬁUﬁﬁiﬂ/ﬂﬁﬁﬂﬁ, [7] L1]%L,Wang-X L,Hu Y J,et :al. An'fl]ytlcal predlctllo‘nlot

cutting forces in orthogonal cutting using unequal division

Eﬁﬂﬁﬁiﬁ%ﬂﬁﬂﬁﬁ %Fﬁi‘iﬁgﬂuﬂﬁﬁ shear-zone model [ J |. International Journal of Advanced

W4 Ja D s 2 Hr U 3 AR A A R (IME Manufacturing Technology 2011 ,54(5/6/7/8) :431 —443.

T2 MR B MR AEE) . ERE RS T [8] Dudzinski D, Molinari A. A modelling of cutting for

ﬁ; E/‘ij I*%a }# R %1E Jl A EI/‘J {éﬁﬁ ﬁﬁ—ﬁ Yl )y ?}f ﬂi‘[" ‘[9] viscoplastic materials[ J]. International Journal of Mechanical

EB’\J%E}Z%%Q%E??E %X%H%%%{ﬂ{ﬁ Sciences ,1997 ,39(4) :369 —389.

(9] BRERE SJEIEEELM]. U5 AU Tl ® At , 1993,

& Tk (Chen Ri-yao. Theory of metal cutting [ M |. Beijing ; China

Machine Press,1993. )

[ 1] Molinari A,Moufki A. The Merchant’ s model of orthogonal [10] Zio E. The Monte Carlo simulation method for system
cutting revisited: a new insight into the modeling of chip reliability and risk analysis[ M ]. London ; Springer,2013.
formation[ J]. International Journal of Mechanical Sciences , [11] Zhang Y M,He X D,Liu Q L, et al. Robust reliability design
2008,50(2) :124 ~131. of banjo flange with arbitrary distribution parameters [ J].

[2] Adibi-Sedeh A H, Madhavan V, Bahr B. Extension of Journal of Pressure Vessel Technology: Transactions of the
Oxley’s analysis of machining to use different material ASME 2005 ,127(4) :408 —413.
models [ J]. Journal of Manufacturing  Science and [12] O’ Connor P D T,Kleyner A. Practical reliability engineering

Engineering ,2003 ,125(4) :656 — 666.

[M].5th ed. Chichester; Weily ,2012.

KOS 0S0S 000000000 000000000000 00000000 00000000000

(E#% 253 )

[4] Thite AN, Thompson D J. The quantification of structure-
borne transmission paths by inverse methods. part 1 :improved
singular value rejection methods[ J]. Journal of Sound and
Vibration 2003 ,264(2) :411 —431.

[5] Thite AN, Thompson D J. The quantification of structure-
borne transmission paths by inverse methods. part 2 : use of
regularization techniques [ J ]. Jowrnal of Sound and
Vibration 2003 ,264 (2) :433 —451.

[6] Gunduz A,Inoue A,Singh R. Estimation of interfacial forces
in time domain for linear systems[ J]. Journal of Sound and
Vibration ,2010,329(13) :2616 —2634.

[7] Singh R,Kim S. Examination of multi-dimensional vibration

isolation measures and their correlation to sound radiation
over a broad frequency range [ J . Journal of Sound and
Vibration ,2003 ,262(3) :419 —455.

AR, S SCRS. BN AR B 1% 338 A 2R 40 0 A% 13 R 5T
[I]. ZRAERZE 2240 FARBL22 R, 2008 ,29 (sup2) :56 - 59.
(Zhao Wei,Zhang Yi-min. Transfer ratio of vibration transfer
path systems in frequency range[J]. Journal of Northeastern
University ; Natural Science ,2008,29 (sup2) :56 —-59. )

Zhao W,Zhang Y M. Path transfer probability for vibration
transfer path systems with translational and rotational motions
in time range [ J]. Applied Mechanics and Materials,2012 ,
121/122/123/124/125/126 :4532 —4536.



