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Application of the Rigid-Thermoviscoplastic Finite Element Method
to Orthogonal Cutting Process
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ABSTRACT

The objective of this study is to develop a rigid-thermoviscoplastic finite element program for the analysis of orthogonal

cutting process. Deformation of the workpiece material is considered as rigid-viscoplastic and the numerical solution is

obtained from the coupled analysis between plastic deformation and temperature field, including treament of temperature

dependent material properties. The chip and the burr formation are simulated for the non-steady state orthogonal cutting

using the developed program. To validate the program the predicted results at chip and burr formation stage are compared

with the published ones. The case of isothermal cutting process is also considered to study the thermal effect on the

machining process.
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Table 1 Material properties of workpiece and tool

Properties Value
Workpiece material 416061-T6
Tool material HSS
Workpiece heat conduction coeff.[167 [N/s-K]
Tool heat conduction coeff. 20.9[N/s- K]

Workpiece heat capacity 2.42[N/mm® K]

Tool heat capacity 1.64[N/mm* K]

Heat convection coeff. with air  |0.09 [N/mm -s-K]

Heat transfer coeff. on interface |10 [N/mm-s-K]

Radiation 2.84x10"3 [N/mm-s-K*)
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Fig. 3 Chip formation at tool path of 0.5mm

Fig. 4 Effective strain at tool path of 0.5mm
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Fig. 5 Temperature at tool path of 0.5mm

Fig. 6 & AjguHoldoz &g JaAge ¥
35 uebdch FyoldALrt Fobged wet A
AR Hi FUEE € 5 do9y, FFolEA
27F ¢F 037mm o] =2 Al HE HAA ] W
7t Ad Qe FAAdEd TadA gt A
AA oZg HAAFS < 70[N]£i ZFREHM4)
o] Ane} vlawd F Xk =T} LY E
3 246}11 2 A& atel u) &) *PEHZ*O A2 A
) $& AAS o F oy, o= T W
Y gl FFel HatAle) wpaz °7ﬂ ﬂl**zﬁ -9

E*‘%QL Az7t dslsol ool FAis
v Aoz wddEng.

o
]

150

125 - isothermal sirulation

75
50 Nonisotherma! simulation

st

cutting force(N)

0.0 L It s L 1
0.0 025 05 075 10 125 15

cutting distance(mm)

Fig. 6 Variation of cutting force

Fig 7 & 270477} o 12mm & o, &
7} mabg geel Qs gt sz 458D

-‘$J

- 967 -



£ 2 £ 9d AxspF s 98 A8 Sd
dojuix ¢k FatA R sdugeR
e vyt 99 n &S & 5 Aok tﬂ ﬁé“
GAA satA e f& ﬂdﬁé%‘: Y ez B
€ Fig. 8 & 9 o YepA # 9 ﬂd%ﬂ@a
3 WA e FaWdEE th A2 Qe
, 0l dgelN 2E 450 dojym Yt

_H.oe‘;m_\&rg.gnlo

]
Fig. 7 Chip and burr formation at tool path of 1.2mm

Fig. 8 Effective strain at tool path of 1.2mm
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Fig. 9 Temperature at tool path of 1.2mm
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