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Turning of Hardened Materials Using the Air-0il
Cooling System

Bo Gu Chung*, Tae Jo Ko**, Hee Sool Kim**

ABSTRACT

The hard turning process defined as a single point turning of materials harder than HpC 58 differs from
ccnventional turning because of hardness of the work materials and cutting tools needed in the process. In
hard turning, tool life is very short, of the order of a few minutes, during which the cutting tool is subject-
ec to the extremes of stress and temperature. In this regard, it is well known that CBN tool is proper for
this process in spite of expensive cost. In this research, we studied the feasibility of the use of the low cost
cutting tool such as a TiN coated tool. To this end, a new cooling system was designed with an air-oil
mathod for reducing tool temperature, which is based on the principle of air vortex flow. That is, the outlet
temperature of the air becomes over 20C° lower than atmosphere temperature by entering pressurized air of
5kgffem?into the inlet. This cooled air ejected to the top of the cutting tool lowered tool temperature, which
reduced the wear of a TiN coated tool by the 30% of CBN tool life with respect to the same cutting length.

Koy Words: Hard Turning(3t=8Y), Hardened Material(A &A1 &), Air-0il Cooling(F7)-2447),
Tool Wear(Z77H2), CBN Tool(CBNZ7F), TiN Coated Tool(TINH &EF+)
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Table 1 Cutting conditions and material properties

rake angle 5°
Cutting Tool density 138000 kg/m’
(Tungsten carbide) specific heat 209 J/ke T

heat transfer coefficient 74.05681 J/smC
density 7750 kg/m’
Work~piece specilic heat 502 1AgT
(Carbon steel : SMA5C) heat transfer coefficient 4184 J/smC

undeformed chip thickness 02 mm

shear angle 25°
Cutting Conditions chip thickness 0435 mm
cutting speed 170 m/min

Chip—-Too! contact length 0.258mm
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Table 2 Factor levels for the selection of cutting conditions

factor A B € b E F
level lead angle| coolant cutting speed | feed rate | depth of cut] nose radius
{m/min) | (mm/min) {mm) ({mm)
level 1 -5 Off 30 10 0.05 04
level 2 15 On 80 % 015 08
-
level 3 - - 150 40 03 12
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Table 3 Orthogonal array of TiN coated tool
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Table 4 S/N Response table of TiN coated tool

factor
A B C D E
level F
level 1 -51.1 | -485 | -40.1 | -539 -51.5 -45.8
level 2 | -461 | -488 | -494 | -469 -478 -52.8
level 3 - - -563 | -45.0 -46.6 -473

Side cutting edge angle Cutting fluid
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.
/" L o
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./
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Fig. 7 Response graph with respect to each factor
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Table 5 Variance analysis of TiN coated tool

7 1612 23 -
sum 17 139862 - -
)
. 9.427) -
o) | ©4.27) (9.42n)

Remark : B3 : strong factor
variance ratio= average of sum of squares/average of sum of squares of errors

My =m+(A2=m)+(Cl-m)+(D3-m)+(Fl-m) (3)
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Table 6 Factor Levels for the selection of cooling conditions

factor e'ecltion B C D
level J . (LxD) nose radius { chip breaker
direction
level 1 overhead 31.5mm”* 0.4mm without
level 2 oblique 55mm* 0.8mm with
level 3 flank 70mm* - -

Remark : D=nozzle radius (1.4mm) L=ejection distance

Table 7 Orthogonal array of air-jet experiment

» e:actor A B c D
1 1 1 1 1
2 1 2 2 2
3 1 3 2 1
4 2 1 2 1
5 2 2 2 1
6 2 3 1 2
7 3 1 2 2
8 3 2 1 1
9 3 3 2 1

79
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Table 8 S/N Response table of air-jet cooling

factor A B ¢ D
evel
level 1 -46.83dB -4768 -50.03 -4132
level 2 -48.63 -47.89 -4757 -50.53
level 3 -49.7 -496. - -
Overhead
Oblique
Flank

Fig. 9 Ejection direction of coolant
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Fig. 10 Response graph with respect to each factor
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Fig. 11 Cutting tool performances in hard turning
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