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Research on Tool Wear State Based on Cutting Temperature Analysis

DING Ning,ZHANG Minliang, GUO Dongsheng,ZHAO Sen, WU Jingyang

(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science ,Shanghai 201620, China)

Abstract : To understand the actual condition of tool at the time of cutting, a real-time monitoring scheme of cutting tool

condition based on cutting temperature was proposed. The cutting temperature of cutting tool in four states: new cutting

tool, early wear, severe wear and failure was analyzed by combining simulation with experiment. An optimization model

of membership function based on minimum ambiguity was established by collecting the temperature signal data of tool

wear and failure to diagnose tool wear and failure during machining. The application results show that this method can

realize the real-time monitoring of tool wear and failure state, and is of great significance to improve the processing

efficiency and accuracy of machine tools.
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Table 1  Cutting simulation parameters
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Figure 1  Simulation distribution of cutting zone

temperature under different wear conditions of tool
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Figure 2 Simulation results of cutting zone

temperature under different wear conditions of tool
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Table 2 Experimental parameters
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Figure 3  Thermocouple
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Figure 4  Schematic
thermometer diagram of temperature

measurement

2.2 RIBHIERE

EH R R L P[] — b B 5 4 T HAE 4
PR T X 45 S AT UTHI, R 4571 HAOTHI 2 80A
AR, SR FHFAHL AR (SO0 T B AR A b IR AR
PEATAR B

TR 4 FOIRZSINELS Brs o VISR B 4N ]
6 P o

1111

] FLIIEAR JE AR R

HS RE B 7T AR

Figure 5 Tool specimens with different degrees of wear
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Figure 6 Cutting experiment site
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the cutting edge of the tool C
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Figure 7 Subordinate function
diagram of tool wear degree
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Figure 8 Fuzzy membership function

diagram of temperature parameters

npE 8 FroR iR N YBCIST B8 5t 5 < 1 R AE DI H
45 SN, IR E SR R B . 2id SR AR
DIE ARG R HL TR ST R pR AR 12 S
Ji RE HAT R o, S PSR A0, 6 T BT Sk
I BAT BRI ST S
5 #ig

DR o 7 A0 S B AR 45 45 B0k 1 7 3k, %t
HACH ) I B R LR A4 MRS T )
M T LD JRUR B HEAT T g RS T T
RO SR pR B B A T ROR R iy 1 AL SR L Y
BRE A RO TN T A b T RS I Y [
CRIOGT 7 5 IR FEE A S M 6 Tk Bl {68 AT

(L3533 1)

[4] ASTASHEV V K,BABITSKY V I. Ultrasonic cutting as a nonlinear
Ultrasonics, 1998 ,36 (1) :89.

[5] BABITSKY V I, MITROFANOV A V, SILBERSCHMIDT V V .

(vibro-impact) process[J].

Ultrasonically assisted turning of aviation materials; simulations and

experimental study[ J]. Ultrasonics,2004,42(1) :81 - 86.

[6] KUMABE J, FUCHIZAWA K, SOUTOME T, et al. Ultrasonic
superposition vibration cutting of ceramics [ J ].  Precision
Engineering,1989,11(2) ;71 -77.

[7] MAUROTTO A, MUHAMMAD R, ROY A, et al. Comparing

machinability of Ti-15-3-3-3 and Ni-625 alloys in UAT[J]. Procedia
CIRP,2012,1:330 -335.

[8] MA C X,SHMOTO E,MORIWAKI T,et al. Suppression of burrs in
turning with ultrasonic elliptical vibration cutting[ J]. International
Journal of Machine Tools & Manufacture, 2005,45 (11 ) 1295 -
1300.

[9] KIM JD,CHOII H . Micro surface phenomenon of ductile cutting in
the ultrasonic vibration cutting of optical plastics [ J]. Journal of
Materials Processing Technology,1997,68 (1) :89 -98.

[10] MITROFANOV A V, BABITSKY V I, SILBERSCHMIDT V V .

B ISR A AT L LU, 2 e, RA T2
AR PRI S5, 6 A 7 I A 1 S AR et A B R T

B E

5% 30k

(1] 4 XFALE#S ] EERAMENAEID]. ZMH . 2 M
T A% ,2008:1 - 2.

[2] E#a, 7AHE AR, E EFTAIHRY T LIRS N S
WHFR[M]. EK:E KA R, 1994:3 -5,

(3] Ra®, tX4ce 2BYWHEBENEF Ehax[J]. By s,
2014 ,35(1) :96 - 98.

(4] x%&. 2BYHEES 7 AEIM]. om0t T KE HRA,
2009 :78.

[5] x&#®, FEE,FE, S WHEENET EE5R]I]. TAEEA,
2002,36(3) ;3 -6.

(6] kg, H*&E, ElM, % £T oG atey 1 2EBEH K k%K
r[J]. MLk it 5 #F % ,2017,33(3) 1142 - 146.

(7] =& . %# ZHE, S ETHEMFEEERM MO P HEESF
HA[]]. i EHLFE,2013,30(12) ;298 - 301.

(8] Xlwewd, & A4, K. 2T ARG M RBEIT X AL 6 &
kB [J]. 8 & F 4K ,2014,39(10) :2121 -2127.

[9] B, NZFE,ZEMN, 4 XTLREEEBRGNAEEREE
WA R[] e F & 5 A8 ¥4R,2017,31(12) ;1974 - 1983,

[10] EWE EZFTVHMIFHFRES MG TERAENRSH
%[D]. E¥: TR AKAF,2015.70 -71.

[11] #4E, EIHm, TER, & = Wi EMHEEHR Crl2MoV ] H|

[11]

[12]

[13]

[14]

[15]

Jm TR B EAEBLT]. Ml T42,2018,35(9) 1910 -915.

Thermomechanical finite element simulations of ultrasonically
assisted turning[ J]. Computational Materials Science,2005,32(3/
4).:463 —471.

PATIL S,JOSHI S, TEWARI A, et al. Modelling and simulation of
effect of ultrasonic vibrations on machining of Ti6AI4V [ ] ].
Ultrasonics,2013,54(2) :694 -705.

MAUROTTO A, ROY A, BABITSKY V, et al. Analysis of
machinability of Ti-Ni-Based alloys[ J]. Solid State Phenomena,
2012,188:330 —338.

NATH C,RAHMAN M. Effect of machining parameters in ultrasonic
vibration cutting [ J ]. International Journal of Machine Tools and
Manufacture ,2008 ,48(9) :965 —974.

AMINI S,SOLEIMANIMEHR H,NATEGH M J,et al. FEM analysis
of ultrasonic-vibration-assisted turning and the vibratory tool [ J].
Journal of Materials Processing Technology, 2008, 201 (1/2/3) :
43 —47.

LIU C S,ZHAO B,GAO G F,et al. Research on the characteristics
of the cutting force in the vibration cutting of a particle-reinforced
metal matrix composites SiCp/Al[ J]. 2002,129 (1/2/3):196 -
199.



