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Fig. 2 Geometry model of ultra-precision cutting
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Tab. 1 Cutter angles and cutting parameters
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Tab. 2 Constitutive parameters of workpiece
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Fig. 3 Displacement vector of SPH nodes in cutting area
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Fig. 5 Equivalent stress distribution for different time steps
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Fig. 6 Variation of maximum shear stress
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Fig. 7 Residual stress on formed surface

3.2 VIR E S b

RS 2 U1 v B8R U0 R AR N L EL DD sk
FErp o= A K U EL AL FI A LS-DYNA 42 it
AR A A3 AT . 5 TR IR e AR R A P R i
A3 A I ) 2D R 48 L Bk T LA 0 1) 5t AR AT B ) A
AL VIHIA B R e RS 5 YIS A R B 4 A 4
K8 s, nf AMLEE S LA 2 R4 A S5 R 26 1)
JB 1 30 B L T B v A 22 R R 2 K 11 R
HEWYIE . NE AT LA e IR B AR
JIR B 15 A% 1) L 3 5 30 A4 R A3 B8 A & AR AL X
Ji P I Ak 0 2 G [ it U )2 A R A A BB LA R
Y18 5 i 71 1 22 18] 9 i 20 B8 88 5 3 U1 ik 5 AR
EN BTN R mIRELA R 180 C. X 56/
R e A5 00 4 A 25 U0 I A5 3 A0 A TR R K BOAH
], W S 700 °CIF, 4 WA JT B4 i B
8 A B DR A SO B Ak F R AT LA 20 )
ELAY B

Sk WLEE T 11 S B o 3 B A 5 L R AT T 0
W a,=0.6 pm BFASEIY)H G E 5. B9 B
IR T FEASTR Y E R BE R L VI H A B A a2 I V1 s
e TR . I Rl LUE B Y R Y B
KL YT E 3 ETF H b T A S R R B, 3

B8 ¥EEEYEE(w=10m/s, a,=0.6 pm)
Fig. 8 Temperature fringe levels of the chip (v =
10 m/s, a, = 0.6 pm)

250 Y
200+
2150+
=100
50
03 6 10 20
v/(m-s)
B9 R T B E R

Fig. 9 Temperature for different cutting speeds
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Fig. 12 Cutting force variation in experimentation
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Fig. 13 Effect of edge radius on cutting force
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Simulation research on AISI4340 steel ultra-precision
cutting process based on FEM-SPH coupling method

GUO Xiao-guang™, WEI Yan-jun, ZHANG Xiao-ji, JIN Zhu-ji, GUO Dong-ming

( Key Laboratory for Precision & Non-traditional Machining Technology of Ministry of Education,

Dalian University of Technology, Dalian 116024, China )

Abstract: Numerical simulation is an important approach to metal cutting process, but finite element
method (FEM) has some limitations and can not handle large deformation problems since it's based on
mesh. Smoothed particle hydrodynamics (SPH) is a mesh-free method and can avoid mesh distortion
and hence resolve large deformation of materials in cutting. Combining the advantages of conventional
FEM with the mesh-free method. SPH., a FEM-SPH coupling model for AISI4340 steel diamond
ultra-precision cutting is established and the cutting mechanism is studied. The simulation results
show that:with the inner stress increasing and reaching yield stress, the cutting layer material flows
in a plastic fashion to form a chip and tool edge plays a key role in cutting; severe residual stress is
observed beneath the formed surface; cutting heat is mainly converted from plastic work
transformation and most heat is taken away by the chip; a large edge radius will bring a great

increment in cutting force, especially in the thrust force.

Key words: ultra-precision cutting; mesh-free method; FEM-SPH coupling; simulation



