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ABSTRACT : Objective To optimize the morphology of micro texture on ceramic cutter surface in order to obtain micro texture

with better antifriction performance. Methods Through friction and wear experiment, the influence of micro texture on the friction

and wear performance of ceramic cutter was studied using single factor studies. Surface friction coefficient under different morpholo-
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gy was measured and the wear morphology was inspected. Through the finite element analysis software ABAQUS, the friction
process of micro texture surface was analyzed. The effect of different texture on stress distribution of the cutter was studied. Results
Under the condition of 90 N, 300 r/min, 30 min in the friction and wear test, the friction coefficient of the tool was about 0. 42,
the radial micro texture on ceramic cutter surface, namely the direction of micro texture was vertical with the direction of motion had
a low friction coefficient of only about 0.35. The stress concentration on the surface of the cutter without texture occurred in the
forefront of deputy contact with the cutter grinding, which ranged from about 16. 68 MPa to 18. 19 MPa. Stress concentration was
easy to cause partial wear. When the directions of micro texture and speed were vertical, the equivalent stress value ranged from
about 21.96 MPa to 31.37 MPa. The stress distribution was more even, the stress was on both sides of the groove and the cutter
was more wear-resisting. Conclusion Compared to cutter without texture, the cutter processed with micro texture such as radial mi-
cro texture, cross micro texture and crater texture reduced the surface friction coefficient, improved the wear resistance perfor-
mance. And the stress distribution was more homogeneous.

KEY WORDS : micro texture; ceramic cutter; laser machining; friction and wear performance; friction coefficient; wear morphology
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Fig. 1 Different morphology of micro texture
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Fig. 2 Section shape of cross micro texture
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Tab.1 Size of micro texture with different morphology
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Fig. 3 The influence of micro texture on the friction coefficient
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Fig. 4 Average friction coefficient of different micro texture
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Fig.5 Wear morphology of different micro texture
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Fig. 6 Height map of wear topography of micro texture
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Fig. 7 Model of friction and wear
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Fig. 8 Maximum equivalent stress of different micro texture
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Fig. 9 Stress distribution on cutter surface with different micro texture

55U T1 B AR, 78 77 H 5060 5 R4 fk i v o
BT R B SRR JI(E YN 36. 84 ~44.21 MPa,
(AL I, PRSI & A B
Uk TR R 35 RN ) th BRAETS U JE L

3 Zig

1) T B (4 3 T (R R ] ARG B 4
B, AN R A 2 T T 2 U ok 7] B T B 4 R LR 52
A, Herb SR R T 18] 45 X0 B iz 3077 1)
I BEE R R/, TESCH I BRI SR AE T, T4 T
HEEHE AL 0. 4, ORGS0 7] B Al e 444
JVRI R BB R B T IR UG T 1 IR
A T B RS AR 2970 0. 35

2) FRIMALA BRI/ TTHL A5 X0 JE Rl Ao 4 fk 1
SR T 2 B O AR, TS R T B 5 A8 R 2 )
RS, ARG B 8 A, Dol U L SR IS 405 e b, ik
S RERS At 47— 5 (M AL 35 47 , 10 ) BT it

PEBE ; X P 100 A SRR (A5 AS [ B S 4 T L 4
W RS T R

3) TSR B AR TR BT 52 f R A5 A500 J3
PN il R G S B 2 ] B R V=R W o €42 1
VAR5 16 5 00 I il 328 2l 7 o 2 LI, 7 HL SR 8N )
AT A B TR e T AU RE

225 3k

(1] WEs 25 )T 45, R SURTE 7] BB B AR i
NI, TR A ,2010(12) :3—6.
QI Bao-yun, LI Liang, HE Ning, et al. Application of Surface
Texture in Tool Antifriction Technology [ J]. Tool Enginee-
ring,2010(12) ;3—6.

(2] R3S, FEZE ok ] B O # by
UBEERLER ) ]. BEE A1, 2009 (2) :103—108.
SONG Wen-long, DENG Jian-xin, WANG Zhi-jun, et al.
Machining Performance of Micro-pool Tools[ J]. Tribology,



LR

4510 14

T4 WO T3 Gl U o Pl e ) R B JEE 40 P RE 1) 52 M) -39 -

2009(2) :103—108.

s XN iR, 45 RIS T B UTEI 1 6E K
T 0T EE 45 0 AR A R W [ ). JBE 22 22 4, 2015 (2)
228—235.

YANG Chao,LIU Xiao-jun, YANG Hai-dong, et al. Effect of
the Textured Surface on the Cutting Performance of the Tool
and the Friction Property for the Rake Face[ J]. Tribology,
2015(2) :228—235.

5. REEU TTBHATH G SRR BEFE [ D], #Y
5 F RS LR R, 2012,

WANG Liang. Experimental Study on Titanium Alloy Cut-
ting Process Using Surface Micro-textured Cutting Tool
[ D]. Nanjing: Nanjing University of Aeronautics and Astro-
nautics ,2012.

T XSEEHT 5 755 AR TN S U I T R
TIELA i # S UTHIPERE [ ], s il AR, 2013 (6) -
42—46.

XING You-giang, DENG Jian-xin, FENG Xiu-ting, et al.

Fabrication and Properties of Micro/Nano-textured Self-lu-
bricated Ceramic Tool in Dry Cutting [ J]. Aeronautical
Manufacturing Technology ,2013 (6) :42—46.

SUGIHARA T,ENOMOTO T. Development of a Cutting Tool
with a Nano/Micro-textured Surface-Improvement of Anti-ad-
hesive Effect by Considering the Texture Patterns[ J]. Preci-
sion Engineering,2009,33(4) .425—429.

ENOMOTO T,SUGIHARA T. Improving Anti-adhesive Pro-
perties of Cutting Tool Surfaces by Nano-/Micro-textures
[J]. CIRP Annals—Manufacturing Technology,2010(59) :
597—600.

ENOMOTO T,SUGIHARA T. Improvement of Anti-adhesive
Properties of Cutting Tool by Nano/Micro Textures and Its
Mechanism[ J]. Procedia Engineering,2011(19) :100—105.

755 RIS R 7] B UIHIPERERF 7T [ D], B R
IR K2E,2014.

FENG Xiu-ting. Cutting Performance of Surface Textured

[10]

[11]

[12]

[14]

[15]

Ceramic Tools[ D]. Jinan: Shandong University,2014.
BAR B N K K7k k. 457 5K 2% 181 2 6 10 9 45 A 1
P EAEPERERT T [ )], R 72741, 2012 (1) : 14—
20.

HU Tian-chang, HU Li-tian, ZHANG Yong-sheng. Prepara-
tion of Composite Lubrication Structure and Its Tribological
Properties on 45% Steel Surface[ J]. Tribology, 2012 (1) :
14—20.

kg oA L0 R S TR TR A Y U
B 5 4 FE AR P WUA S S [T ). P EHLAK T %2, 2014
(16) :2143—2148.

ZHANG Gao-feng, LONG Shi-shan, TANG Ai-min, et al.
Experimental Study on Tribological Properties of Textured
Cemented Carbide Made by Diamond Scratching[ J]. China
Mechanical Engineering,2014(16) ;2143—2148.
KAWASEGI N,SUGIMORI H,MORIMOTO H, et al. Deve-
lopment of Cutting Tools with Microscale and Nanoscale
Textures to Improve Frictional Behavior[ J ]. Precision Engi-
neering,2009,33(3) :248—254.

Sk W5 T B ARHBO TR R 2 v B 456 8 0 A
WHFEL D] HIE IR, 2014,

YI Bin. Study on Friction and Wear Characteristics of Laser
Micro-textured Surface on Cemented Carbides Tool Materi-
als[ D]. Xiangtan: Xiangtan University,2014.

. BT ABAQUS RATR £ P e TR 1Ay B il 2R J5E 4422 f
A 5P HT [ D] JoHE K HER A% ,2007.

FENG Yan-hong. Numerical Contact Analyses with Friction
of Hybrid-ceramic Deep Groove Ball Bearings Based on
ABAQUS[ D]. Tianjin; Tianjin University,2007.

Ttk KLU 55 B ACBEER BB 2 MEREDT Y
[D]. At B AU H TR, 2008,

WAN Yi. Study on Surface Texturing and Alloying Techno-
logy Improving Tribological Properties of Seal Material[ D ].
Nanjing: Nanjing University of Science and Technology,

2008.

(L8521 )
[14] BRI mWLL, BB, 55, 14 8% Ni-P-W/ALO, B &8

JZ55 NdFeB SR ZE R ERTTE 1], RMTHA 2012,
41(4) .13—15.

CHEN Huan-ming,GAO Ya-hong, LYU Qiong, et al. Inves-
tigation on the Interfacial Bonding Strength between Ni-P-
W/ Al O, Composite Coatings and NdFeB Matrix [J]. Sur-

[15]

face Technology,2012,41(4) .13—15.

CHEN Z,ALICE N,YI J Z, et al. Multi-layered Electroless
Ni-P Coatings on Powder Sintered Nd-Fe-B Permanent Mag-
net[ J]. Journal of Magnetism and Magnetic Materials,

2006,302:216—222.



