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Surface Quality Investigation on Pulse-Laser Assisted Turning
Alumina Ceramics Based on Orthogonal Experiment Method

Liao Xianyu Yan Cuo Xie Linchun Liu Weiqiao Zhang Mengqi
(State Key Laboratory of Advanced Design and Manufacture for Vehicle Body, Hunan University,
Changsha . Hunan 410082, China)

Abstract Alumina engineering ceramics have been widely used in modern industry for their superior thermal
physical and mechanical properties. In order to study the surface quality of alumina ceramics during pulse-laser
assisted turning, experimental investigations are conducted on pulse-laser assisted turning of hot-pressed 96 alumina
ceramics. Based on the orthogonal experiment method, optimum operating conditions are achieved, and the
influences on surface roughness and defects during pulse-laser assisted turning of alumina ceramics are attained under
different parameters such as laser power, pulse frequency, rotational speed and feed. The results indicate that the
feed makes the major contribution to overall turning performance, which reaches 41.97% . Good surface roughness
and less surface defects can be achieved under the optimum operating conditions, which are laser power of 50 W ,
rotational speed of 510 r/min, pulse frequency of 50 kHz and feed of 0.01 mm/r.

Key words laser technology; pulse-laser assisted turning; alumina ceramics; orthogonal experiment method;
surface roughness; surface defects
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Table 1 Alumina ceramic material composition

Composition Mass frcation /%

Al, Oy 96.0

SiO, 1. 85

Fe, Oy 0. 69

MgO 0.8

CaO 0. 26
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Fig. 1 Schematic diagram of laser-assisted machining
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Table 2 Four factors and three levels

Factor and
Laser power /W

Rotational

Pulsed frequency /kHz Feed /(mm/1)

level speed /(r/mm)
1 30 255 50 0.01
2 40 330 70 0.02
3 50 510 90 0.03
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(a) system of pulsed-laser assisted turning
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Fig. 2 Experimental setup of pulsed-laser assisted turning

3 iIm g R Ko b

3.1 REER

AR R I S Bt AT

Jok wh SO i A Bl D

AL B0 P R 0 A5 3 A VR i 56 2 T HLRE FE M R, .
3 3 iR,

# 3 RN A F A

Table 3 Experimental operating conditions and results

Test Laser

Rotational

Pulsed

case power /W speed /(r/min) frequency /kHz Feed /(mm/x) R /pm 7/dB
1 50 155 50 0.01 0.666 3.531
2 50 310 70 0.02 0.401 7.937
3 50 510 90 0.03 0.629 4.027
4 40 155 70 0.03 1.095 —0.788
5 40 310 90 0.01 0.577 4.776
6 40 510 50 0.02 0. 641 3. 863
7 30 155 90 0.02 0. 843 1.483
8 30 310 70 0.03 1.113 —0.930
9 30 510 50 0.01 0.471 6.539
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Table 4 Analysis of variation

Factor Sum of square Degree of freedom Sum of mean square Contribution
Laser power 14. 40 2 7.20 0.1942
Rotational speed 18.69 2 9.35 0.2521
Pulsed frequency 9.93 2 4.96 0.1339
Feed 31.12 2 15. 56 0.4197
Sum 74.14 8 37.07
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Fig. 4 Surface appearance of machined workpiece under different parameters

s103008-4



B A

H T TE A2 B Ik e O A D 4 ) 4 A 4 Pl R e T R AT A

AE A AR i T e 4 e AR AL B T X AR
T DX AR A K o T BB U BRBOR AN . B e AR
ZRAA TR —Z 8 T RE 2 5 2000 5 n L&
AT AR A (19 S0 RE AN A2 - AP SO AN £ & X LS B A
FHI A 22 B DT H G A ik A B 220K B W i 3% i
i

5 44 g7

K IE AR B vk 43 0 43 B T OGS 3 OHLIR B

K A RN HE 25 R 0T Ik oh O 0 BV B 4 AR
AL 48 B % Jo 2% TR B2 1Y S2 e . as O 25 40 B O
Pe A DB 4 AR 3RO0) 3 TR RS B2 Y o Bk R 4
M 19.42% .25.21% .13, 39 % F1 41. 97 % ., [Rl i 45
it 2 A G oL 50 W, 3 il % 3
510 r/min, ik Wi % 50 kHz, #F 45 % 0. 01 mm/r,
TEZ B S B A T AT Bk B0 i #0 B 72 11 4R
A48 B s i 3 BB AR A 95 /0 B % T RELRE R, 3R
TG B S Y R

s & X #

1 Chen Genyu, Bu Chun, Deng Hui, e al..

mechanical compound truing and dressing of superabrasive
grinding wheels[JJ. Chinese J Lasers, 2012, 39(7): 0703002.

BRiar, b odi, X R, SF. oL LS A 15 %8 R R b

WrElI]. RO, 2012, 39(7) . 0703002,

2 Ji Lingfei, Yan Yinzhou, Bao Yong, e al..

Research on laser and

Research on laser
close-piercing lapping processing for damage-free cutting of thick
Al, O3 ceramics[ ] ]. Chinese ] Lasers, 2011, 38(6): 0603002.
Z L ERN, B B, F B ALO; BB R RO B

AL HE JE 40 00 W R R BF T L], b Ok, 2011, 38(6):
0603002.

Luo Zhihai, Yang Runze. Development of processing technology

w

of engineering ceramics [ J ]. Machinery Manufacture, 2010.
46 —48.

T, . TR T H AR A BR R ars [T HLA &
., 2010. 46—48.

4 Zhang Baoguo, Tian Xinli, She Anying, e al.. Review of the

principle and research on laser machining of engineering ceramics
[J]. Modern Manufacturing Engineering, 2012, 10: 5—9.
TRARE L HRA, e, S TR AR I 5 3 K
FHWTE R LT . ﬂﬁﬁi"fiiﬁv 2012, 10: 5—09.

Yongho Jeon, Choon Man Lee. Current research trend on laser

921

assisted machining [ J ]. International Journal of Precision
Engineering and Manufacturing, 2012, 13(2): 311—317.

Li Jian. Laser assisting heating cutting technology [ ] .
Machinery Design & Manufacture, 2009, 12: 072.

25 g ORI B YIE i TR R LT ). HUAR I S
2009, 12;: 072.

Han Shijie. New development of laser processing technology[ ]].

o

-

Aeronautical Manufacturing Technology, 1996, 2: 9—11.
SRS, ORI TE ARG R LT fias fil g AR, 1996, 2.
9—11.

Han Kai, Ma Yanxing, Wang Xiaolin, e al..

oo

Progress of high
power Tm-doped fiber laser [ J]. Laser &. Optoelectronics
Progress, 2010, 47(10). 101406.

woodl. DA, FAK, L mYRBE L BOL M U5 R
LI, BotS5oth 7R, 2010, 47(10): 101406.

Chang C W, Kuo C P. An investigation of laser-assisted

©

machining of Al,O; ceramics planning[ J]. International Journal
of Machine Tools & Manufacture, 2007, 47(3): 452—461.

10 Xia Bozhong. Orthogonal Experiment Method[ M]. 1st Edition,
Changsha: National Defence Industry Press,1985.

. BBk LMD 8 — R, Kb Bp5 Ll AL,
1985.

11 Liao Xianyu. Simulation of Temperature Fields and Experimental
Research on Pulse-Laser Assisted Turning of Al;O; Ceramics
[D]. Changsha: Hunan University, 2013. 18— 30.

BESETE. Ik i Bl B ) A A R R TR EE b 07 LR 5
WD) Kb ¥R, 2013, 18—30.

12 Yang Donghui, Ma Liang, Huang Weidong. Component’ s
surface quality predictions by laser rapid forming based on
artificial neural networks[ J]. Chinese ] Lasers, 2011, 38(8):
0803004.

WA S R, BIAR. TN A0 Z 9 4 0 S0 S R O824
HOY R w R B ], P EEOG, 2011, 38(8): 0803004,

13 G Taguchi, E A Elsayed, T Hsiang. Quality Engineering in
Production System [ M]. New York: McGraw-Hill College,
1989.

14 Gu Chongxian, e al.. Mechanical Manufacturing Engineering
[M]. Xi'an: Shaanxi Science and Technology Press, 2006. 224.
S, A5 MUBRH & T 202 ML 0% . BRpS A2 BOR AL,
2006. 224.

=B RE: R

s103008-5



