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ABSTRACT

The tool life in cutting high-nickel alloy is shorter than that in turning of carbon steel. In order to identify an
effective tool material for the cutting of high-nickel alloy, the chip configurations, the tool wear and the surface
roughness were experimentally investigated. The high-nickel alloy was turned with high-pressure coolant
supplied. The results are as follows: (1) In turning with high-pressure coolant supplied, the effectiveness of chip
breaking performance was improved. In this case, the chip length was shorter with the increase of the coolant
pressure. (2) In the case of finish cutting high-nickel alloy, in the dry cutting large notch wear on the depth of
the cut line was observed. In wet cutting with the cBN content of 50 % to 60 % under high cutting speed and
high-pressure coolant supplied, it was possible to suppress the large notch wear. (3) In the high-pressure coolant
cutting method of high-nickel alloy with a sintered cubic boron nitride compact tool, the cBN content of 60 % and
the main element of the binder phase of Al,O;-Al was an effective tool material. (4) In the high-pressure coolant
cutting method of high-nickel alloy with the ¢cBN content of 60 % and the main element of the binder phase of
AlLO;-Al, if the cutting coolant pressure is high and the cutting speed is low, large tool damage occurs to the notch
boundary of the flank, and the tool life is short.

In conclusion, the tool life of the cBN content of 60 % and the main element of the binder phase of Al,O,-Al
can be improved by increasing coolant pressure in turning high-nickel alloy with a sintered cubic boron nitride
compact tool under high cutting speed.

KEY WORDS
cutting, high-pressure coolant supplied, high-nickel alloy, machinability, sintered cubic boron nitride compact

1 # G 5, BMRZEVEOE NI 2 WS 2354, CIHIEEE 2 4% <

HAY —E V2T Y Vv ORI E R Cw b #
MEAE G4~ ax v TI8IZ NI & LTabshTwa", &
i B A S OWEIEDS WK & LT, BRIk E v, i
THREAEAAE TR, THEME L o BT RE v, 2z
WRPMENWLR EPEZ SN TWEY. By r VEEEi
BB THERZHRLEEIEZZ TR TWDY. fEkh

* Corresponding author, E-mail: wada@mech.nara-k.ac.jp

2016 4 4 H

LT, OB BIf 2 TAMZMENT 52 L25, LA
FMOLERIZAHMN A FETH LI LIERHMONTWS, L
b, BEGEICL LS4 I LV OYENC B WISBREE S
K2 Moty S F 2 CERSEDL X9 RUHI-%
FLWESNTEA, THEGO DS R EEYHI T
5 EDBHEREVD, EbO TSRO LEMATlL
TELEG Lo 72" WHEDENCE, WEAMEICER L
T3 v 7 AR BN A AR L TAMFETH Y, IWRS?Y



2 AR, HE

B4, W W

Table 1 Chemical composition of high-nickel alloy.

(mass %)
Ni Cr Fe Nb Mo Ti Al Co Si w Cu P
52.2 19.0 19.0 4.8 3.1 1.0 0.5 0.2 0.1 0.04 0.03 0.01

Table 2 Properties of sintered cubic Boron Nitride compact.

Tool type Binder phase*  Contents rate** Grain s[ljre;]o feBN H?{g{}ﬁss E’GI},'S'
Type 1 TiCN-Al 45/55 5.0 2700-2900 0.80-0.90
Type II TiN-Al 65/35 3.0 3200-3400 1.00-1.10

Type 111 TiN-Al 75125 5.0 3500-3700 1.15-1.30

Type IV TiC-Al 60/40 3.0 3000-3200 0.95-1.20
Type V AlLO;-Al 60/40 3.0 3000-3200 0.90-1.10

*: Main element, **: (cBN grain/ binding phase), T. R. S.: Transverse-rupture strength
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Table 3  Cutting conditions in cutting high-nickel alloy.

Cutting speed 5.00, 7.50, 10.00 m/s

Feed rate 0.10 mm/rev

Depth of cut 0.20 mm

Cutting method Wet (high pressure coolant supply), Dry cutting
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Fig. I Chip generated when turning high-nickel alloy with various coolant
pressures at cutting speed of 5.00 m/s, at feed rate of 0.1 mm/rev,
depth of cut of 0.2 mm and work-piece diameter of 68 mm.
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Fig. 2 Tool wear observed after turning high-nickel alloy with various ¢cBN tools at cutting speed of 5.00 m/s under dry cutting.
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Fig. 3 Tool wear observed after turning high-nickel alloy with different ¢cBN tools at coolant pressure of 20 MPa.
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Fig.4 Flank wear width in turning high-nickel alloy with various ¢cBN
tools at coolant pressure of 20 MPa.
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Fig. 5 Tool wear observed after turning high-nickel alloy with different cBN tools under coolant pressure of 20 MPa at cutting speed of 5.00 m/s and 10.00 m/s.
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Fig. 6 Tool life curve when turning high-nickel alloy with Type V tool
under high pressure coolant supplies of 7 MPa, 14 MPa and
20 MPa at feed rate of 0.1 mm/rev and depth of cut of 0.2 mm.

7, YIHIERE 2 AL SR CLEHMGEZRT. ZORE,
)l 3K BE 0.83 m/s T — 5 > b 77203 bar (20.3 MPa) @
Yity, LHGFarRERIE, @5 o EIEN 740 % e
ENBDs, WHLEE 033 m/s O34, THEMILME 0K
YN A~KGA T, S S IZEIHIEEE 0.33 m/s @ J5 HYE) il 8
0.50m/s ICHREHTHLHE LTS, AfETS, K

5 T T T T T T T T T T

V=10.00 m/s, f=0.1 mm/rev, ap=0.2 mm, 1
4 Coolant pressure: 20 MPa

01 02 03 04 05 06
Cutting distance (km)

Surface roughness Rz ( u m)
[\

Fig. 8 Relation between cutting distance and surface roughness when
turning high-nickel alloy under coolant pressure of 20 MPa at
cutting speed of 10.00 m/s.
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V: Cutting speed, P: Coolant pressure, L: Cutting distance

Fig. 7 Tool wear observed after turning nickel alloy with Type V tool under coolant pressure of 7 MPa, 14 MPa and 20 MPa at cutting speed of 5.00 m/s and

10.00 m/s.
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