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Cutting performance and wear mechanism of Si;N4-based
micro/nano composite ceramics tool in high speed cutting

LU Zhi-jie, YANG Guang-an, CHENG Kai-giang

(School of Mechanical and Electronic Engineering, Shandong Jianzhu University, Ji’'nan 250101, China)

Abstract: Si;N,/TiC/SiC (STS) micro/nano composite ceramic tools were fabricated by vacuum hot pressing sintering
technique using SizN4and TiC submicron particles by adding Si;N, and SiC nanoparticles. The cutting performance of
STS and FD-01 tools in dry high speed machining 40CrNiMo component was studied. The wear morphologies of rake
and flank wear were observed by scanning electron microscopy (SEM). The wear characteristic and mechanism were
discussed. The results show that STS micro/nano composite tool material has excellent mechanical properties. The
flexural strength and hardness are 1000 MPa and 19.5 GPa, respectively. The flank wear increases with the increase of
cutting speed in high speed dry machining 40CrNiMo workpiece. STS tool obtains smaller tool flank wear, longer tool
life, and is more suitable for high speed cutting under the same cutting condition. The wear forms of both ceramic tools
are crater and flank, and the wear mechanisms are mainly adhesive wear and abrasive wear.
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(13] y=—5° og=5° ©=45°
Si3Ng  TiC A—=—5° r=0.8 mm
SizNg  SiC
STS Si;Ny/TiC 2 STS — FD-01
1l qTS Table 2 Performances of STS and FD-01
Si;N, Cutting tool Vickers Densify/ Flexural
STS hardness/GPa  (grem ) strength/MPa
FD-01(SisNy/TiC) 40CrNiMo STS 19.5 4.01 1000
FD-01 18 3.44 960
v 200
1 m/min 250 m/min 300 m/min /= 0. 1 mm/r a,=
0.15 mm
11 0.3 mm
STS 0.5 pum
SizNy( 99% N =37.5% =1.5%( (SEM)
) 0.5 pm TiC ( 99% C =
19.5% =1.0%( )
40 nmSizNy ( 99.0% 2
0.62%( ) 115 m%g) 50
nm SiC ( 99.9% 1.0%(
) 120 m¥/g) 21 STS
. 1(a) STS
400 NaOH 60s SEM 1(a)
1 STS A-StN;
Table 1 Constituents of STS micro/nano composite (mass (4]
fraction, %)
B-SizNy
Si3Ny Si3Ny TiC SiC Y,05+ 02~12 pm 25
(0.5um)  (40nm)  (0.5um)  (50nm)  ALO;
28 6 54 7 5
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3 STS
3] Table 3 Mechanical properties of STS micro/nano composite
1(b) STS SEM Flexural Fracture toughness/ Vickers Relative
1(b) NaOH STS strength/MPa (MPa'm'?) hardness/GPa  density
1000 8.7 19.5 98.8%
Si3Ny
2.2
40CrNiMo
2
2(a) v=200 m/min f=0. 1 mm/r 4,=0.15 mm
0.3 mm
STS FD-01
STS 12 min
30° FD-01
2(b) v=250 m/min f=0.1 mm/r
a,;=0.15 mm STS
FD-01 3
2(c) v=300 m/min f=0.1 mm/r a,=0.15
mm STS 15 min
0.322 mm FD-01 3
min
1 STS SEM
Fig. 1 SEM images of surface (a) and crack section (b) of 2.3
STS micro/nano composite material 3 STS FD-01 v=200
m/min  f~=0.1 mm/r ¢,=0.15 mm
Si;Ng,  TiC SizNy  SiC 40CrNiMo SEM
3(d) (d) STS FD-01
STS
STS FD-01
3 3 3(b) (e) FD-01 STS
STS Si3Ny

TiC
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Fig. 3 Wear morphologies of STS ((a)—(c)) and FD-1 ((d)—(f)) inserts at v=200 m/min: (a), (d) Corner; (b), (¢) Flank; (c), (f) Crater
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