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A Finite Element Analysis for the Characteristics of Temperature
and Stress in Micro-machining Considering the Size Effect

Kug Weon Kim*, Woo Young Lee**

ABSTRACT

In this paper, a finite element method for predicting the temperature and stress distributions in micro-
machining is presented. The work material is oxygen-free-high-conductivity copper(OFHC copper) and its
flow stress is taken as a function of strain, strain rate and temperature in order to reflect realistic behavior
in machining process. From the simulation, a lot of information on the micro-machining process can be
obtained: cutting force, cutting temperature, chip shape, distributions of temperature and stress, etc. The
calculated cutting force was found to agree with the experiment result with the consideration of friction
characteristics on chip-tool contact region. Because of considering the tool edge radius, this cutting model
using the finite element method can analyze the micro-machining with the very small depth of cut, almost
the same size of tool edge radius, and can observe the size effect” characteristic. Also the effects of tem-
perature and friction on micro-machining were investigated.

Key Words : Micro-machining (?]4~22}), Size Effect(Z7123}), Finite Element Method(f-3+8.4)
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Table 1. Physical properties of the workpiece and the tool

Material CikgK) Akem)  EWimK)
Workpiece(OHFC copper) 3855 8960. 3936
Tool(diamond) 0. 3520. 1000.

134

4. siMZz g IF
41 2% { SHEX

2 A4 29 F84E AF3A7] 98 Luccas(3)9
A% 2 24N ANEE A4 2 SRR 3
WAAZL 0, 220 2m, ANEE 100 mm/s, F
TEGNAL B9 9 0.1~0.3mo] 22 A7|N &
ol B# 0.2mg2 A3} Fig. 4& A< A
fFees 93PS vyehdng, 27] 9 33L& 3784
< %2} ¥4 glen, A-37 FFZole Aol
Ho g3 dojz HER. o1FA 78 9
P& 32294 de 388 28 gt uE
A

Tool

i

( plece

Fig. 4 Finite element model of assumed chip shape for 0° rake
angle, 6° clearance angle, 0.2(m tool edge radius and 2m
depth of cut

Lucca 599 48 #t39] 9|2 E Table 29 el
o &4 Al F-FF AEHAAY F Y af2ERNE ¢
F donz 4(6,7)% AHedd QoM nlEAS e
0.15, 0.3%1 A% A3 oldg uAsA gL A2
g3l FRHS FRhet. FAAA o] (¢ o2 n}
A gholl wtel 53] wjEgo] E IF& won F
289 Loz zhe] WiE Yo, dEHe @GS
Y g3 vimd £ o, FEH A vimd & dXd
2 len A3 vhEd A g ALdE & o2
g BolA] gert. Wi A o3 g A gholl ¥
3 22 gS Bolx glom, ntdAS 0.3 BF 4%
el < 80 % & Holm Ut FEHo] vlaA g3
dE&=e d v EYY o A HuF & AE Y
ole olfe, Wi 53 v /igd g dA



F2HLF LA 415 A10% (1998 10€)

7t glom, B7EVY BE T A B ol
o) AHAoz 9Be vomz B ANEYIN 27
a2 okt ol® 42E WRoldn 42Ett ety
2 A4RdY gAY Ed 399 AT RS H7
% e gont Ak vadd £ 1, 0.3 olake e
7Hd Aol BUET ¥ ohA% 038 44T B
Mgl dYguc B ANYAY, BY8E 5o o
% DAV o] & ¢ goz BuAE 2 ¥
Rt obd Relth. & AeME sEAAS 032 B £
£ 9 $AREE Anugn,

Table 2 Comparison between the experiment and simulation
for cutting force (unit: N/mm)
(rake angle : (¢, cutting speed : 100 mm/s, tool edge
radius : 0.2/m, depth of cut : 2/m)

Principal force (Fc)  Thrust force (Ft)
Experiment About 3.0 About 2.5
Ignoring friction effect 2.775 0.076

3.036
3378

1,083
2.158

Simulation _Friction coefficient, 4#=0.15

Friction coefficient, y=0.3
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strain rate; (b) effective strain
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Table 3 Simulation results for various depths of cut for ¢
rake angle, 100 mm/s cutting speed and 0.2im tool

edge radius
Depth of cut (zm) 2. 1. 0.2
Fe(N/mm) 3378 2.143 0.579
FiN/mm) 2.158 1314 0350
Tmax(°C) 569.2 400.7 124.8
©2(zm) 12.99 6.48 112
Hum) 13.79 10.29 204
- 1.57x10° 2.56x10° 6.92x10°
. 523 5.19 5.02
T (MP2) 240.8 286.5 410.0
G (MP2) 4423 496.1 7100
#(=tan"' 12/11) 8.75 8m 10.13
u, (N/mm’) 2004.2 2513.8 33828

Fig. 8% Fig. 99 (a), (b) 4Z 1m, 0.2m A2
olo] g L=¥X 2 AT SHEES ehar} A
Aol 2m 9 ZA$(Fig. 5 F2)9 v|2d o, 259

136

ARuT A2 A 2L 2x IS ¥t a8y
HARAD3H9 4+, 4ol 2m  B$(Fig. 6 (a)
Fz)ol vla) Aozt ZAadHA A ALY
o] $713IH, 53] TTEY v olefFog T F
NS ¢ F AT o FFEGY 9Fo] =W
ol BN, AAGe|7t A FFELE
B9 A7) o2 de B+, 53 71FE ol Fez
Hyol dstda £ 4

@) ®)

Fig. 8 Contours of predictive values for (° rake angle, 0.2;m

tool edge radius and 1im depth of cut: (a) temperature
[unit : °C J; (b) maximum shear stress [unit : MPa]

() ®)

Fig. 9 Contours of predictive values for (° rake angle, 0.2 ;m

tool edge radius and 0.2/m depth of cut: (a) tempera-
ture [unit : °C ]; (b) maximum shear stress [unit :
MPa]
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Table 4 Simulation results for various friction coefficients for
0° rake angle, 2un depth of cut, 100 mm/s cutting
speed and 0.2um tool edge radius Friction coefficient

Friction coefficient 0.3 0.15 No friction
Fc(N/mm) 3378 3.036 2,715
Ft(N/mm) 2.158 1.083 0.076
Tmax(°C) 569.2 489.9 468.0
2(zm) 12.99 11.52 11.39
I(zm) 13.79 13.79 8.62
Enax 1.57x10° 1.60x10° 167x16°
Eonax 523 373 4.78
7 (MP2) 240.8 2524 268.6

G (MP2) 4423 4782 465.3
g(=tan™ 12/11) 8.75 9.87 9.96
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Fig. 10 Contours of predictive values for (r rake angle, 0.2
i tool edge radius, 2im depth of cut and 0.15 fric-
tion coefficient: (a) temperature [unit : °C ]; (b) max-
imum shear stress {unit : MPa]
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Fig. 11 Contours of predictive values for 0° rake angle, 0.2
um tool edge radius, 2um depth of cut and no friction
effect: (a) temperature [unit :°C ]; (b) maximum
shear stress {unit : MPa]
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Table 5 Simulation results for temperature effect for (° rake
angle, 2;m depth of cut, 100 mm/s cutting

Temperature effect Consideration _ No consideration
Fc(N/mm) 3.378 6.505
Ft(N/mm) 2.158 4.141

t2(zm) 12.99 13.41

Enax 1.57x10° 1.53x10°
Epax 5.23 4.03

Tax (MPa) 240.8 420.8

O max (MP2) 4423 7288

#(= tan™' 12/11) 8.75 8.49
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Fig. 12 Contours of predictive values for (° rake angle, 0.2
im tool edge radius, 2pe depth of cut and no temper-
ature effect: (a) effective strain rate; (b) maximum
shear stress [unit : MPa]
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