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Finite Element Simulation Systems for Metal Machining (Ist Report)

— Simulation Method Using an Engineering Workstation and

Its Application to the Machining of High Manganese Steel—

Katsuhiro MAEKAWA®,

Takashi Nacavama**, Tkuya OnsHMA* and Ryoji MURATA®

Abstract—A computer software technique has been newly developed to simulate chip formation in orthogonal
machining. It uses elastic-plastic and thermal finite element methods combined with realistic flow properties of the

machined metal and friction and wear characteristics of the cutting tools to estimate chip flow, cutting forces, tool

contact stresses and temperatures and tool wear. The program runs interactively on an engineering workstation
(EWS) under a wide range of conditions of feed, speed and tool geometry. In this paper comparisons are presented

between the EWS simulation and on a mainframe and also experiments, taking the machining of an austenitic 18%

manganese steel as an example. Agreement between the simulations and experiments is good.
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Table 2 Cutting conditions and constants used for the analysis of 18% Mn steel cutting

Cutting Material cut: 187 Mn steel, Tool: carbide P20, Rake angle
conditions a = -10 to + 20°, Depth of cut ty = 0.05 to 0.3 mm, Cutting
speed V up to 300 m/min
Constants Young's modulus E = 206 GPa, Poisson's ratio v = 0.3
Friction characteristic constant p = 1.6
Thermal Density p Specific Heat transfer
conductivity heat ¢ coefficient h
K W/ (m-K) kg/m3 J/ (kg-K) W/ (m2-K)
Material cut (187 Mn) 13.8 7.95 x 103 545
Carbide tip (P20) 66.9 1.12 x 10% 356 -
Tool shank (0.55%C) 36.0 7.75 x 103 461 1.05 x 104
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Fig. 7 Comparisons of crater wear rate
a=0, t,=0.2mm/rev, V=30m/min
(a) experiment (—o—), (b) mainframe (----),
(©) EWS (—--—)
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Fig. 8 Comparisons of chip shpe and isothermal
contours
a=0°, t;=0.3mm/rev, V=230m/min
(a) mainframe, (b)) EWS simulation
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