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A Study on the Tool Wear and Prediction of CBN, Poly Crystal and Single
Crystal Diamond Tools in Cutting of Nickel
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Abstract

Generally, the machinability of materials that have a good mechanical properties is poor. For
materials having a high strength, high toughness, high strength in high temperature and wear
resistance, it is difficult to remove a chip from work materials. These properties are well shown
in a Nickel, so this metal is used in machine materials, semi-conductor industry, metal mold and
optical fields-etc. But it is limitted in use because of high cost and poor machinability. In this
study, the cutting of pure Nickel was conducted to examine wear of CBN, poly crystal diamond
(PCD) and single crystal diamond (SCD) tools. From the result, the CBN tool is superior to poly
crystal diamond tools or single crystal diamond tools in terms of tool wear and tool wear is
predictable from experimental data base.
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Table1 Experimental devices and its contents
Devices Contentqls

Machine tool

NC lathe
KEUM DAN ENGINEERING Co. KD-6

A/D converter

Labin master
sampling time:0.04 msec

Tool materials

CBN, PCD, SCD

Surface roughness
tester

Mitutoyo Surftest-402

Strain ampilifier

KYOWA ELECTRONIC INSTRUMENT Co. LTD.

SER. HB 5010

Otical microscope

MITUTOYO MFG. Co. LTD. TM201
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(a) R-tape tool (b) S-type tool

tool holder : PDNNR 2525-M15
R : nose radius: (.5 mm

1.0 mm

5.0 mm

Fig. 2 Tool geometry used in experiments
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Fig. '3 Flow chart for calculation of prediction curves

Table 3 Chemical components of work material

Table 2 Properties of used tool

Properties CBN |Sintered dia. | Natural dia
Density 3.48 | 4.12 3.52
(g/cm?) ’ ' '
Young’s modulus i~
(Kg/mm? x10%) 810 990
Hardness (mHV) 5
(kg/mm?) 4500 | 5100 9000
Compressive
Strength 390 770 870
(kg/mm?)

Poisson’s ratio

0.22 0.07 0.07
()
Thermal
conductivity 0.48 2.67 5.0
(cal/ecm - sec * C)
Coefficient of
thermal expension | 4.7 4.2 3.1
(107°/K)
3, =% A1g¥ CBN, PCD, SCD 374 7l
A YA o 24 Fig 29t 2z w24, 71A4AA
Ade Table2el Yepisich AL WA
Table 3] EA|§ upsl 3ol FE= 99.5% o)4kal

4 Yo, Tabledol o] 8o 7|AH 4ol of
sto] gAetAch Adol A&l FA4zzL Table

weight ration

Element Ni Al Co K Mg Fe etc
Content min mas max max max max
0.995 0.001 0.001 0.001 0.001 0.01 bal

Table 4 Mechanical propertities of Nickel

Property Quantity
Thermal conductivity (cal - cm - sec/cm? - C) 0.22
Brinel hardness No. 230
Tensile strength (kg/mm?) 70-85
Yield strength (kg/mm?) 65-75
Young’s modulus (kg/mm?) 22,000
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Table 5 Cutting condition for face turning of Ni

Tool nose radius cutting speed feed depth of cut cutting fluid
(mm) (m/min) (mm/rev) (mm)

0.5 100 0.04 0.1 wet
0.5 150 0.06 0.2 ”
CBN 1.0 150 0.04 0.1 ”
' L0 200 0.06 0.2 v
5.0 200 0.04 0.1 ”
5.0 100 0.06 0.2 ”

S-type 100 0.04 0.2 wet
S-type 150 0.06 0.1 7
S-type 100 0.09 0.1 7
0.5 100 0.04 0.1 ”
‘Sintered 0.5 - 100 0.04 0.1 ”
diamond 1.0 150 0.04 0.1 ”
1.0 100 0.06 0.1 ”

5.0 100 0.06 0.1 ”

5.0 200 0.09 0.2 ”

5.0 150 0.04 0.1 ”

S-type 100 0.01 0.02 wet

S-type 150 0.01 0.02 7

Natural 0.5 100 0.02 0.05 ”
diamond 0.5 150 0.005 0.03 7
1.0 100 0.04 0.1 ”

5.0 150 0.005 0.02 ”

800 150 0.005 0.02 ”

800 100 0.04 0.1 ’”

b 23, Az HAL Folm P Aoz Feddh Fig. 32 2 Aol ALLd zZzoaw
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(a) Observation of tool wear

crater 0. lam
-~ flank wear . -

“initial tool form -

tool @ PCD 0.5R

cutting speed : 150m/min
feed rate : 0.04mm/rev
D.0.C : 0.lmm

cutting time @ 6min.

W maximum flank wear
(b) Section of wornzone

Fig. 4 Characteristic tool wear pattern in cutting of
Nickel
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(a) CBN tool(cutting time: 95 min)

(b) PCO tool(cutting time : 6 min)

cutting speed 100m/min
nose radius 1, Oen

feed rate 0. 04mm/rev
0.0.C 0.imn

(c) SCP tool(cutting time : 4 min)

Fig. 5 Comparison of wear pattern by tool materials
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AlKa
ELEM CPS
AL K 177.46880
T K 113.8492
FE K 5.5066
NI K 18.4008
NiKa
[T | NPT FOTOTI. WV \ ey
1 2.00 4.00 6.00 8.00

OINT 0.00KEV 10ev/ch A EDAX
(a) Rake face of CBN tool

AlKa

ELEM CPS

AL X 186.3606
W M 705922
CO K  19.3348
NI K 37.7055
¥ Ma L 485880

4.00 8.00 6,0

1 zoo
OINT 0.00KEV 10eV/ch A EDAX
(b) Rake face of PCD tool
CoKa
ELEM CP3
AL K 53.8368 |
¥ M 123.4675
W Ma CO K 303.0342 §
! NI K 27.3085 {
¥ L 36.3401§
Ka
1 2.00 400 6.00 8.00
OINT 0.00KEV 10eV/ch A EDAX

(c) Flank face of CBN tool
Fig. 6 EDAX analysis on tool face
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Table 6 Component of Ni on tool faces after

machining
Unit : CPS(Count Per Second)
Tool Rake face Flank face
Sintered diamond 37.7 50.8
CBN 18.4 27.3
Natural diamond 0 172.1

¥ La

cach x\%\\\éi&\\\\:\\\\\\\\\\‘:x\\\i\\\v rddreedieN A
1 2.00 4,00 8.00 8.00
CINT 0.00KEV 10ev/ch A EDAX

(d) Flank face of PCD tool

1 2.00 4.00 8.00 0.00

OINT 0.00KEV 10eV/ch A EDAX
(e) Flank face of SCD tool

cutting speed 100 mm/min
feed rate 0.01 mm/rev
D.0.C 0.02 mm

nose radius 5.0 mm
cutting time 3 min.
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Fig. 9 Five minute tool life model for various cutting
speed
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Fig. 10 Five minute tool life model for various nose
radius
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