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Searching and Prediction of Cutting Characteristics Using Cryogenic Tool

Sueg-Young Oh*, Woo-Seop Chung*, Chill-Su Kim**, So-Young Lee***

ABSTRACT

We experimented turning SCM440, called difficult-to-cut materials in general, using tungsten carbon
tool(P10) in order to elevate machinability by a new cutting method. The cutting tool designed and made
to study was cooled to ~170C in about 1 minute by liquid nitrogen. Then, we operated cryogenic cutting by
cooling tool with liquid nitrogen and stuided the effect about cutting force, chip thickness, surface rough-
ness, behavior of tool wear and cutting temperature. In addition, we investigated the possibility that sur-
face roughness of workpiece can be predicted analyzing cutting characteristics.

Key Words : Cryogenic Tool(3 4284327, Cooled Condition(H 2HA24), Normal Condition (42242
Z), Cutting Parameters(84}91A}), Fuzzy Neural Network (A 4743 2%)
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Fig. 1 Schematic view of experimental set-up

Table 1 Experimental conditions

Material : SCM 440
Size : SS50XLIS0, Z60XL3BO
Chucking length : 30 mm

cutting speed : 518, §7.3, 1418,
197.8 m/min
Feed : 0.075, 0.105, 0.135,
0.165 mm/rev
Depth of cut : 0.5 mm
Cutting temperature :
Normal and Cooled

Workplece

Cutting
conditions

Ma‘;:rﬁ of | Tungsten carbide tool(p10)
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Table 2 Chemical compositions of workpiece

Composition
% | C{S|{Mn| P|S]|C{Mo
Material
SCM 440 040} 022} 068{0.18] 0.17] 008 0.18)

Table 3 Mechanical properties of workpiece
property

Tenslie | Yielding| Vickers
stress streas’) hardh B%m
Materials (Ka/men')| (Kg/men') | (Kg/ren
SCM 440 | 97 69 2320 160
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Fig. 2 Internally cooled cutting tool
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Fig. 5 Flow chart of cutting temperature measurement
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Fig.6 Prediction of surface roughness
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Fig. 8 Variation of cutting temperature
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Fig. 10 Chip thickness vs. feed for various cutting speeds
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Fig. 11 Surface roughness vs. feed for various cutting speeds
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Fig. 13 Rake face and flank face VS. Cutting time(Cooled
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Table 4 Data of Fuzzy Neural Network

cutting speed
feed
chip thickness
cutting force
Very Small
SMall
MEdium
LArge
Very Large
output unit surface roughness
# of leaming patterns 16
learing rate K.=0.005
K,=0.005
Kw=0.7
error limits 10E-10

input units

linguistic variable
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Table 5 Prediction result of surface roughness in cooled con-

dition

attrg | weq |0 | B | e
ol I ) hﬂg (um)
518 100751 0370 { 134 | 081
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518 10135 0360 | 260 105
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973 [0075( 0167 | 125 | 068
973 01051 0204 | 144 | 074
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973 10165| 0313 | 263 | 121
141.310075) 0143 | 116 050
1413|0105 | 0187 | 141 0.66
141310135 0243 | 210 | 090
141.3/0.065| 0296 | 250 | 120
197800751 0130 | 103 | 048
197810105 0174 | 134 | 084
19780135 | 0240 | 200 | 085
1978101651 0284 | 244 | 132
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