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Abstract

As environmental restriction has continuously become more strict, machining technology has
emphasized on development of environment-friendly technology. In cutting technology, it has been well
recognized that cutting fluids might have undesirable effects on workers health and working
environment. In this study, compressed cold air was used as a replacement for conventional cutting
fluids. The cooling effect on cutting tool was analyzed using the finite element method and the
computational fluid dynamics. This study focused on the temperature simulation of cutting tool by real
flow analysis of cold air. The maximum flow rate and the minimum temperature of compressed cold
ajr are 300/min and -30°C respectively. To compare the simulation and experimental results, inner
temperature of the cutting tool was measured with the thermocouple embedded in the insert. The
results show that the analysis of cutting temperature using FEM and CFD is resonable, and the

replacement of cutting fluid with cold air is available.
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Table 1 Material properties

SM45C wC
E: 210MPa, E: 520MPa,
p: 7800kg/nr’, p: 14010kg/m’
K: 43kW/m K, K: 49.5kW/m-K
C: 440J/kg-KW C 1402)Jkg K

Fig. 1 FEM mesh for orthogonal metal cutting
simulation
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(a) Stress distribution

nen

(b) Temperature distribution
Fig. 2 FEM results, cutting depth=0.5mm
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Fig. 3 Too! modeling and mesh
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Fig. 4 Temperature distribution of cutting tool,
without cold air, cutting depth=0.5mm
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Table 2 Specification of cold air generator

Cooling method Indirect Air-cooling

Ist refrigerant: R-12

Refrigerant 2nd refrigerant: R-23
Tank capacity 52.51

Power supply 5.5kW

Dimension of 1155x700x1575mm
Apparatus (WxLxH)

(a) Q=100/min
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(¢) Q=300l/min

Fig. 5 Temperature distribution of cutting tool, cold
air temperature=-30C, cutting depth=0.5mm
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Table 3 Experimental equipment

NC Lathe DAEWOO PUMA 200M

Workpiece SM45C  Diameter : 120mm
Insert : CNMG120408

Tool

Holder : PCLNR2525 M12
Thermocouple] K-type
D/A Board YOKOGAWA DA100

« Tool

DAEWCO NozzleN)
PUMA200M K=ty
N " -type
ll iC Lathe Thermocouple
N . N .

Cold Air Ganerator DA100

]

(I Power Supply
PC

Fig. 6 Schematic diagram of experimental setup to
measure the cutting temperature
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Table 4 Experimental conditions

. feedrate: 0.2 mm/rev
Cutting .
.. speed: 180 m/min
condition
depth: 0.5, 2 mm
Cooling temperature: 15, 0, -15, -30°C
condition flowrate: 100, 200, 300 Vmin

‘ K-type Thermocouple

Fig. 7 Embedded thermocouple arrangement
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Fig. 8 Cutting temperature (

Table 5 The

T T T T
20 40 60 80 100 120 140 180 180 200

time(sacand)

Comparison of

=-15TC)

simulation and

experiment (Cutting depth=0.5mm)

Cold air temperature(C)

Flow rate 30 [ 15[ o Js
. Exp.” 140
0/min) —g; 130

100Umin) P 76 | 80 | 85 | 89

Sim. 73 77 82 87

. Exp. 66 70 77 81

200(//min) | —

Sim. 61 67 72 78

300(miny B |57 63 | 690 | 74

Sim. 54. 60 66 72

Exp.” = Experiment

Sim.” = Simulation

Tabl 6 The Comparison of simulation and
experiment (Cutting depth=2.0mm)
Cold air temperature('C)
Flow rate 3015 | 0 |15
. Exp. 266
0(Vmin) ?im. 254
100(mi Exp® | 76 | 202 | 208 | 213
Wmin) g, | 73 | 195 | 199 | 208
. Exp. 66 164 170 | 177
200(/min) -
Sim. 61 158 164 | 169
300(Vmin) E'xp. 57 141 147 | 163
Sim. 55 135 142 | 155
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