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Research on Tool Wear Prediction of Laser—assisted Cutting of Cemented

Carbide

WEI Pan NIU Jingjing HUO Yanhao NIU Ying
(School of Mechanical and Power Engineering , Henan Polytechnic University, Jiaozuo  454003)

Abstract  As a typical difficult—to—machine material, cemented carbide YG10 was prone to cause severe tool
wear when common cutting method was used. In response to this problem, laser—assisted cutting method was proposed
for machining. By comparing the tool wear conditions under the two machining methods of ordinary cutting and laser—
assisted cutting, it was demonstrated that laser—assisted cutting could effectively reduce cutting force and tool wear.
The support vector regression model (SVR) and cross—validation—support vector regression model (CV-SVR) were
established, and the amount of flank wear under specific cutting conditions were predicted. The result shows that the
prediction results of the two models have a small error with the actual values, in particular, the CV=SVR model has
higher fitting accuracy, compared with the SVR model, the average relative error is reduces by about 10%. The CV-

optimized SVR model can effectively simulate the nonlinear relationship in tool wear, and it can provide a basis for

the judgment of tool wear in actual machining.

Key words Cemented carbide, Laser—assisted cutting, Tool wear prediction
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Fig. 1 WC Cemented carbide at different temperatures
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Fig. 2 Two-dimensional longitudinal-bending ultrasonic

vibration device
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Fig. 3 Two—dimensional ultrasonic elliptical vibration trajectory
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Fig. 4 Temperature measuring device
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Fig. 8 Comparison of tool wear morphology under different

cutting conditions
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Fig. 9 The change curves of the flank wear value and

the cutting distance
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Fig. 10 ~ The change curves of the cutting force and

the cutting distance
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Fig. 11 The wave of the cutting force
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Fig. 15 Comparison of prediction results between the two models

FABH T L

http://www.yhelgy.com 20254 253

(o]
[}

[ svR
— I CV-SVR
20
S5t
by
-’;
Z10

Ll

1 2
TR A /20
Bl16 PR P AR R 1 22

Fig. 16 Relative prediction errors of the two models

30 3 6T T AN S B (B R FL O B oA, 2 4 5]
T PR MAE AR, Hoh MAE #3538 F 0, R?
HE I T 1 BRI O AR M P A R R . RS
X HG A3 BT T VR RS TR 00 {5 5 o 2 ] ) A X 15
25 0 FLA AR R 25 5K P 4 T 15, CV-SVR AL A A
BT SVR BRI YRR 220808 10% 2247, KA A
RN 16 s .t & 15 A 16 BEWE S H . CV-
SV R AR (14 FR0 152 25 B /N RS TR0 A 8 o vy, %o D
TR B T R B A

DL b 5843 A 25 B, SVR T 5E 70 R 58 - b e
e ) LB AR Ak A, IS A A v Tl R
J& , S HF I EE AL ] A AR R TN /AR 2 ]
A VR RO T B8 SR (CV) i T
SVR B H0 T, vl LA a0 )= 600 {0 8 422 30 5K
B, AR ZE T /N
4 it

(1) 38 23 X6F b3t 38 ) 55 300 5 Bl U 10 w5 oA
[ T 05 =X BP0 ) B 5 0 T B b L e A As
WA B D0 AT A AR YT G2 ) B R iF
i A SE K 7T 5Ll I 54 o

(2) 1 MATLAB fj5 HL.Z5 5 AT 1, CV-SVR 152 5 il
I 235 5 553000 235 S 2 (B /0N, Ul B T N7 1 SRR 1)
AL IR AR Y e 70 L 0 T P e Y T

(3) 5 SVRBLAYAH L , 1 FH 28 gk SR 555 1)
CV-SVR #5244 X6 152 22 980 /)N 10% 2247, T UK
JET R R 2ZE TN

(4)CV-SVR LAY 45 BAFA J5 1 T 58 b
B, X ) ELES LR B R AR S ) B LA —

2HE
S% 0k

(L] vmms, EMSSE. X Tasbn T % i Bk 5 & R
L] E R, 2018(8): 8-9.

GAO P, WANG P Y. Current status and development trend

— 103 —



of processing methods for difficult—to—process materials [J].
China Metal Bulletin, 2018(8): 8-9.

(2] skBA%E, fRE, XIAER, 45, BERTA S ROLHB) — 4
HE YT B e [T ]. HLBKBTE S 5T, 2018, 34(5) -
122-125.

ZHANG M J, JIAO F, LIU J H, et al. Researchon surface
quality of cemented carbide in laser assisted two dimensional
ultrasonic cutting [J]. Machine Design & Research, 2018, 34
(5): 122-125.

(3] 5k TLE, X, BRIRAE, 4% . WC—Co 8 i 4 & 5t
WL, Mifi42JE, 2015, 39(2): 178-186.

ZHANG W B, LIU X Z, CHEN Z H, et al. Latest
development of WC—Co cemented carbide [J]. Chinese Journal
of Rare Metals, 2015, 39(2): 178-186.

(4] 595, BRIEI, 2R, &5 BRG 4 00 a m iod
FRSIVIEIANT ()], AU TR, 2021, 57(5): 133-147.

ZHANG X Y, LU Z H, PENG Z L, et al. High quality and
efficient ultrasonic vibration cutting of titanium alloys [J].
Journal of Mechanical Engineering, 2021, 57(5): 133-147.

(5] R, R, #EN, 5. B4 SRR
IS BT TELT ). RIEAR, 2021, 50(11): 321-328.

KANG R K, SONG X, DONG Z G, et al. Study on surface
integrity of tungsten alloy processed by ultrasonic elliptical
vibration cutting [J]. Surface Technology, 2021, 50 (11) :
321-328.

Lo] MHIREE, FFEEAR . P 4R 2 U B el 6 A A4 T
PERIBEFE (], B B TR 24 (A ARBLE /D) L 1994, (5):
132-137.

YE B Y, ZHOU Z H. Research on ultrasonic vibration
cutting to improve the processability of hard and brittle materials
[J]. Journal of South China University of Technology (Natural
Science Edition), 1994, (5): 132-137.

(7] 3RS, XIBEA, WIER, 55, TCARRESNT A
e sh B Hl e R TR IE )], s s H R, 2022,
65(8): 14-21.

ZHANG J J, LIU Y X, HU W J, et al. Study on
longitudinal-bending hybrid ultrasonic vibration milling device
and machining performance of TC4 titanium alloy [J].
Aeronautical Manufacturing Technology, 2022, 65(8) : 14-21.

(8] Fh, fadk, B, 5. BK45 4 Ti-6A1-4V HUHLE S
Bt HI 5% A B K S BT ST (). R R, 2019, 48 (10) -
41-51.

NIU Y, JIAO F, ZHAO B, et al. Experiment of machining
induced residual stress in longitudinal torsional ultrasonic
assisted milling of Ti—6A1-4V [J]. Surface Technology, 2019,
48(10): 41-51.

[9] ACCHAR W, GOMES U U, KAYSSER W A, et al.
Strength degradation of a tungsten carbide—cobalt composite at
elevated temperatures[]]. Materials Characterization, 1999, 43
(1):27-32.

— 104 —

[10] sk B0, #R5E, BUE, 55 . BOLE A 25 U1 5
B ] RE H T AR IR AR R [T ], Stk
T, 2016, 24(6): 1413-1423.

ZHANG C J, JIAO F, ZHAO B, et al. Tool wear in laser
ultrasonically assisted cutting cemented carbide and its effect on
surface quality[J]. Optics and Precision Engineering, 2016, 24
(6): 1413-1423.

(1] g, e, skBA%E, 25 REBUG S HOLE
B AT R L] LB S 85T, 2016, 32(5)
131-135.

JIAO F, SHI L F, ZHANG M ], et al. Research on cutting
force characteristics in laser heating and ultrasonic vibration
assisted machining of tungsten carbide [J]. Machine Design &
Research, 2016, 32(5): 131-135.

2] Bhadtte . BOLRE A RS HOR BT BR SR ]
TS5/ E, 2017(S1): 4-11.

YAO J H. Research progress and future prospect of laser
hybrid manufacturing technology [J]. Electromachining &
Mould, 2017(S1): 4-11.

(13 ] FBEOM], JEHAT . o 3 U0 1) S X i TR ) HLRE
PRGBS BUR ()], PR/REEBE TR 724, 2011, 16
(6): 22-30.

ZHENG M L, FAN Y H. An overview of tool friction and
wear behavior in high—speed machining-typical difficuli—to—cut
material [J]. Journal of Harbin University of Science and
Technology, 2011, 16(6): 22-30.

[14] P50, 2220 . TR PEAUR S S BRI 2t Jig
(7). THHA, 2019, 53(5): 3-13.

GUO J C, LI A H. Advances in monitoring technology of
tool wear condition [J]. Tool Engineering, 2019, 53(5): 3-13.

[15] fte, Sk, B, . BT 2RSS G-
Fery s ALAY T BRI [T ], [R5 R4 (A AR R
f2), 2016, 44(3): 434-439.

XIE N, MA F, DUAN M L, et al. Tool wear condition
monitoring based on principal component analysis and C—support
vector machine [J]. Journal of Tongji University (Natural
Science) , 2016, 44(3) : 434-439.

[16] Foi, 2506, /NG, 5. HE TR T i 8UE
L1 BT i s A WA LT ]L e dlbE AR, 2019, 62
(7): 49-53.

WANG Q, LI'Y G, HAO X Z, et al. Dynamic prediction
method of cutting tool life in NC machining based on online
learning [J]. Aeronautical Manufacturing Technology, 2019, 62
(7): 49-53.

(17] EEEE, 280, F5. JTHARER g8 AT oT
JELT]. Mzl A, 2018, 61(6): 16-23.

WANG G F, LI Z M, DONG Y. Recent advances in
intelligent monitoring of cutting tool condition [J]. Aeronautical
Manufacturing Technology, 2018, 61(6): 16-23.

[18] LIU X L., MU D F. On-line tool wear monitoring

FHIMEIT.Z  hitp://www.yhelgy.com  20254F 5534



based on machine learning [J]. Journal of Advanced
Manufacturing Science and Technology, 2021, 1(2): 2021001-
2021002.

[19] SUYKENS J A K, VANDEWALLE J. Least squares
support vector machine classifiers[J]. Neural processing letters,
1999, 9: 293-300.

(20] Fehli, 2= o, AR SCHE, 55 . T 3CRF M i AL 5 ok
TuB P T R SCRASPUN [T]. I35 ek, 2018, 37
(17): 48-55.

CHENG C, LI'J Y, XU W S, et al. Tools wear state
recognition based on support vector machine and particle filtering
[J]. Journal of Vibration and Shock, 2018, 37(17): 48-55.

(21] 22726 FET 34 w4 B A0 77 H B IR S 1
[D]. WL TR, 2015.

WU G Y. Tool wear state prediction based on support vector

FHIMEIT.Z  hitp://www.yhelgy.com 20254 4534

machine[ D]. Hebei University of Technology, 2015.

[22] CUT Y H, WANG G F, PENG D B. Tool wear
monitoring in milling processes based on cointegration modeling
[1l. Applied Mechanics and Materials, 2010, 34: 1746-1751.

[23] KONG D D, CHEN Y J, LI N, et al. Tool wear
monitoring based on kernel principal component analysis and v-
support vector regression [J]. International Journal of Advanced
Manufacturing Technology, 2017, 89(1-4): 175-190.

[24] ZHU M Z, XIAO P F, ZHANG C Y. A modeling
method for monitoring tool wear condition based on adaptive
dynamic non—bias least square support vector machine [C].
2016 International Conference on System Reliability and Science

(ICSRS), Paris, France, IEEE, 2016: 53-59.

— 105 —



