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Development of High Efficiency Milling Technology by Hybrid Cooling

Method That Suppresses Thermal Cracking
Atsushi SUGINO and Takeshi HATTA

Synopsis

Super heat resistant alloys and austenitic stainless steel such as Alloy 718 and SUS304, used in gas turbines, nuclear systems
etc. are known as difficult-to-machine materials because of low thermal conductivity. The purpose of this study is to develop
a high efficiency milling technology using a hybrid cooling method and to verify the effect of hybrid cooling in the milling of
SUS304.

The results are as follows:

1. In milling of SUS304, the hybrid cooling method is able to suppress thermal cracking roughly equal to the air cooling method.

2. The hybrid cooling method can decrease wear by between 29 and 42 % Maximum flank wear than dry method and air
cooling method.

3. In intermittent turning of SUS304, the hybrid cooling method can decrease by 79 C tool interface temperature amplitude

than wet cooling method and can decrease by 13 C chip-tool interface temperature than dry method.
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Fig. 1. Concept of the developed hybrid cooling.
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Fig. 2. Schematic view

of the hybrid cooling system.

Table 1. Experimental conditions in milling of SUS304.

Work specimen

Materials SUS304

Hardness HB179
Milling cutter

Diameter ¢ 32 mm

Axial rake angle 3°

Radial rake angle 5°

Number of tooth 5
Indexable insert

Carbide M10

Coating PVD

Process parameters

Cutting speed

90, 110, 130 m/min

Feed rate

0.9 mm/tooth

Axial depth of cut

0.9 mm

Radial depth of cut

30 mm

Cooling

Type of cooling

Dry, Air, Hybrid, Wet

Air pressure 0.5 MPa
Coolant pressure 0.1 MPa
Type of coolant Emulsion




BAFER > =<7 T v 7 BT 204 7Y v FEENZ X 2 EE T 7 A AMLEAM OR% 41

4. BRESIVEE

Y—<IV Ty 7ICRIFT
BHFEOHE

Fig. 3 12 SUS304 i HIFHE 2 L2 T7 74 AL L
B0, GHFEEY—<LVT Ty 7 EEROMGRE
Y. WHIFE Dry, Air, Hybrid TlZ¥—~NV2o7 5 v
JFEFRIZOR LR, Wet TIXEIHIHEE 90 m/min T
0 %, 110 m/min T 40 %, 130 m/min C 100 % & Yl 3%
FED PR L EDICHAERNEL holz. 2O erb,
SUS304 DWHEM LIZB VTN, 7Y v FGHIDZS Y —<
W7y 7 OMFENIERNTH D, ZOREIT Air L R
ThbLEZOLND.

Fig. 4 |2 SUS304 % YJHI# & 130 m/min T7 7 A4 AN
TL%OTET CWHINEEREERT. HHITE Wet
T LT EHNEEmIIT -~V Iy 7 E RN 8L
BHERRR S .

4. 1

4. 2 TERTEHEFMICREFT
BHFEOZE

Fig. 5 IS T HEZEZT7 94 AML L7zBo, &
Tk e TERTHERIEOBBRERT. N T v F
WHITO LRI, —8ki 72 YIHIHEE 90 m/min 35 &
OINLRE=R 2 58 72 110 m/min, 130 m/min T b & EI T3
Dry, Air X0 29 % 575 42 % /hE <, Wet £V 27 % H
561 % KRELrolz. 2D ENS, SUS304 D IKfi
MIICBWT, NA T v FEHID Wet [IZRWTTLE
EROWGFN AR TH 5 Z & DHERR SN,

100
3 8§90 m/min
S 80 :
5 E110 m/min
c
< i
S 60 130 m/min
o
£
g 40
s
g 20
@
e
2 0

Dry Air Hybrid  Wet
Cooling method

Fig. 3. Comparison of the incidence of thermal cracking
in milling of SUS304 using different cooling

methods.
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Fig. 4. Principal rake face of after machining SUS304

using different cooling methods (V=130 m-min™).
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Fig. 5. Comparison of the maximum flank wear in milling
of SUS304 using different cooling methods.
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Fig. 6. Principal flank surface of insert after machining
SUS304 using different cooling methods.
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Table 2. Experimental conditions in intermittent turning

of SUS304
Work specimen
Materials SUS304
Hardness HB179
Cutting insert TPGN
Tool geometry
Orthogonal rake angle 5°
Cutting edge inclination 0°
Orthogonal clearance angle 6°
Entering angle 90°
Nose radius 0.4 mm
Process parameters
Cutting speed 100 m/min
Feed rate 0.1 mm/rev
Depth of cut 2 mm
Cooling
Type of cooling Dry, Air, Hybrid, Wet
Air pressure 0.5 MPa
Coolant pressure 0.1 MPa
Type of coolant Emulsion

*Based on JIS-B4120-1998
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Fig. 7. Comparison of the tool interface temperature in
intermittent turning of SUS304 using different
cooling methods.

60
V,=100m-min-"*
50

40

30

20

10

Maximum flank wear (um)

T
i

A\

Dry Air Hybrid Wet
Cooling method
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intermittent turning of SUS304 using different
cooling methods.
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