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Research on Carbonized Layer for Truing and Dressing of
Bronze-Bonded Diamond Grinding Wheels with Laser
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Abstract For the truing and dressing bronze-bonded diamond grinding wheel by acoustic-optic Q-switched YAG
pulsed laser, a three-dimensional (3D) mathematical simulation model and a heat transfer model of single pulsed laser
ablating the diamond abrasive are established by ANSYS finite element software. The models show the temperature
distribution of diamond under different laser parameters, and they are proved to be correct through experiments.
According to the two different procedures of dressing and shaping of bronze-bonded diamond grinding wheels, from
both experiment and numerical simulation much research work is done on the relationship of pulsed laser parameters
and the depth of carbonized layer. The results show that there is not much difference between the influences of pulse
width and laser power on the depth of carbonized layer in dressing, but pulse width plays a dominant role on the depth
of carbonized layer in shaping; and the depth of carbonized layer will decrease after multi-pulse ablation; only in
dressing will the depth of carbonized layer decrease with the increase of pulse width.
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Table 1 Thermal properties of diamond and graphite

Property Diamond  Graphite

Thermal conductivity

A/(Wem 1eK™1)

Density p /(g/cm?) 3.52 1.7
Thermal diffusivity

20 134

0 emes ) 3.114 0.58
Absorptivity A (YAG laser) 0.2 0.6
Sublimation temperature /K — 3652

Graphitization temperature /K 1273 —
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end
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Fig. 1 Flow chart of simulation process

2 5 8 18 R 2 5 O 40 B B A5 T
3580 77 S TH SRR B I S BR AR, 6 SCBR ANSYS
(7 PL AR B SRR I )5 K A= 10 ns. W c=0
TFUA 06455 — I 6 26 A0 3 B 5 45 SR i A0 U 4k
oAU 6 O 1 B T 22 B B TSR
HE ) (WIRSE BT K B T 47 BGRB8 T I ACK
g ) TSR 19 0T 2 I 08 B R A
LI 265 A Sy 7 B TR P L 6 08 B 4k 5K
R H R ANSYS £ 50k % B3 & (APDL) i}
AN R AT R LR R I 1 R
2.3 HELR

ARSH R ST Q YAG MR 28 i K
Py 100 W, HLEGE TS 10~50 W,

e 2 R HOES R T 5IKIE 0 B0k
3P A —— R R 7 U R R T DR SR 2. i
T4 I (W65 B AT 07 20 R PR B8 R 46 1 1
I B SRR
2 R=0.13 mm B SR EOE IR % 110" W/em®)

Table 2 Single-pulse laser power density

I (10" W/em?) when R=0.13 mm

to/ns
P /W
170 210 260 310 350
10 22.17 8.97 3.62 2.03 1.35
20 44, 34 17.95 7.25 4.05 2.69
30 66.51 26.92 10. 87 6.08 4.04
40 88. 68 35. 89 14.50 8. 11 5.38
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Fig. 2 Nephogram of temperature distribution in laser ablating diamond with laser parameters as P=30 W,z, =260 ns,[=

10.87X10" W/cm?. (a) Diamonal profile after ablation; (b) temperature distribution; (c¢) thickness of the ablated layer
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Fig. 3 Nephogram of temperature distribution in laser ablating diamond. (a) Temparature distribution of

dressed diamond; (b) temperature distribution of shaped diamond
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Fig. 4 SEM pictures of surface craters ablated by single laser pulse. (a) P=20 W,z,=210 ns,[=17.95X10" W/cm®;
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Table 3 Orthogonal test between single-pulse laser parameters and depth of the carbonized layer

Laser dressing

Laser shaping

Test Pulse Laser Depth of carbonized Test Pulse Laser Depth of
number width /ns power /W layer /pm number width /ns power /W carbonized layer /pm
1 310 10 4. 37 5 170 30 2.53
2 310 20 5.15 6 170 40 2. 87
3 350 10 3.21 7 210 30 5.27
4 350 20 3.85 8 210 40 5.91
Range R; 1.21 0.72 Range R; 2.89 0.48
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Fig. 5 Effects of laser parameters on depth of carbonized

layer by pulsed laser in dressing. (a) £, =350 ns;

(b) P=10 W
£ [ —=— single pulse calculated values (a)
3, 3.0 o single pulse experimental values
= 9.8 +—4— multi-pulses calculated values .
& v— multi—pulses experimental values
& 26
T 247 =
‘g 221
.8 20F
§ B
= 181
s 1.6 .
RS
10 15 20 25 30 35 40
Laser power /W
—=— single pulse calculated values
§_ 14F o single pulse experimental values (b)
~ —a— multi-pulses calculated values
5 12r multi-pulses experimental
E’ 10F values ——x
2 v
N L
.g 8
2 6
g
L ar
o 9 ’
= 160 180 200 220 240 260 280 300 320

Pulse width /ns

Pl 6 05 R TE I ik b o' 2 B0 0 B8 78 T 2 JRE 1Y
5, (a) £,=170 ns;(b) P=30 W
Fig. 6 Effects of laser parameters on depth of carbonized
layer by pulsed laser in shaping. (a) ¢, =170 ns;
(b) P=30 W

14728 Jo 2 J E B IE BE o K R AT Oy 8 i BB o
J B B ) B A R A T AR CRER T — A1 58D LA
AT R HCR A A

TE S PrAE B0 48 S 50 vh e 4 31 14 728 [ J2 R 2
PO EAHH 0 /0 a3 2 D A < M A S A AR R 1 it
JEHR B 2 7 A R, 21 BTSRRI A Jo )2 B 2

4 2 e

iz il ANSYS £ BRICILAE % 184 Nl A 40
Fefih b LN T O E SR 456 Q YAG
JiK i 38 Y e ek 4 D) B SR ) 0 R TR R A BRARE AR
P32 T WO e Il 4 WA BE b5 B BE 43 A1

B X Bk vh OB B S BB PR I S AS [R5
AT & 30 o R UL R S 6 A5 3] o A A 2 R I
% T WK e S B0 A8 it 2 R B 1 5 g B . R B
TERPEAB BT, Bk T8 % A% T )2 B 5 1) 5% il s K T %
Ty 238508 A8 Joit )22 JEE B 1 55 Wil 5 1717 7E b 58 I B L ik 9
A X 3 AR S 3 T R AR 2 R R 1) 52 i £
o Zoad 22 Bk b 3O 8 o 5 A% 5T )2 RS B A o ik 2L
A TERD 58 B A 55 48 51 )2 V5 B A 2 B Bk 5 1) 38
Jn b,

Z & X #t

1 Kang Renke, Yuan Jingting, Shi Xingkuan ez al.. Study on laser
dressing of superabrasive grinding [ ] ]. China Mechanical
Engineering , 2000, 11(5): 493~496
AL, DRt RE . S 4. REE R AR R BOB B B AR I g
[J]. B ITA, 2000, 11(5): 493~496

2 Genyu Chen, Lifang Mei, Bi Zhang et al.. Experiment and
numerical simulation study on laser truing and dressing of bronze-
bonded diamond wheel[ J]. Optics and Lasers in Engineering .
2010, 48(3): 295~304

3 Chen Genyu, Zhu Dingjun, Peng Kai et al.. Ablation mechanism
of bronze-bonded diamond wheels dressing by pulsed laser[ ]J].
Chinese J. Lasers, 2007, 34(4);: 245~249
PR A, R, 2 9l 5. Bkl #os B 805 M 4 RlA a4 bl
BLRIBESELT]. + B sk, 2007, 34(4) ., 245~249

4 Chen Genyu. The Research on Mechanism and Technology for

Laser Truing and Dressing of Bronze-Bonded Diamond Grinding

Wheels by Acoustic-Optic Q -Switched Nd : YAG Pulsed Laser

[D]. Changsha; Hunan University, 2006. 15~34

PRAR AR, AOBIE Q Nd: YAG Jik i oG48 4 55 1 4 Wi A b %8 B3

B ARBESELD]. Kb #IFGR Y. 2006, 15~34

Chen Genyu, Yu Junyong, Li Lijun e al.. Ablation of diamond

ol

grain by laser and analysis of its affected layer and micro-crack
[J]. China Mechanical Engineering, 2006, 17 (supplement) :
317~320

BRARAx . TR . 208 5. Wotbeih & R kL K% HAS 52 5
AL HTLI]. P BEAUK A2, 2006, 17(GEF)D . 317~320
Wang Shi, Sun Baoyuan, Wang Yuchang et al.. Study on

o

graphitization temperature of polycrystalline diamond [ ] .
Superhard Material Engineering ,» 2005, 17(5): 32~35

0303006-6



PRAR AR 4 -

WL B R G NI D 48 S T2 L

FodE. I, EWE F RS NA A BRE ML
A A A A A2, 2005, 17(5): 32~35

7 Sun Shuda, Sun Jing. Observation of oxidation process of
diamond with high temperature microscope [ J ]. Superhard
Material Engineering , 2006, 18(6): 23~25
N, Ph SR T R A T DL 4 A A SRk AR LT .
ABRR A A A2, 2006, 18(6); 23~25

8 Chen Genyu, Chen Guogui, Huang Kong et al.. Study on the
accuracy for laser truing and dressing of bronze-bonded diamond
wheels[J]. Chinese J. Lasers, 2009, 36(5); 1278~1281
PR, BREAE, 38 1L 5. BOGE R 0 4 NA B 5O o
[J]. +E#%k, 2009, 36(5): 1278~1281

9 Wang Yan, Hu Dejin, Deng Qilin et al.. Analysis of temperature
field for laser assisted mechanical dressing and truing of diamond
grinding wheel[J]. Chinese J. Lasers, 2005, 32(3); 431~435
FoOH, BIEA . REEIAR SE. WOGHE B ILE R G R D A IR
B Hr[1]. F Bk, 2005, 32(3): 431~435

10 Wu Xiaojun, Zuo Dunwen, Xu Fenget al.. FEM analysis on the

temperature field of CVD diamond film laser drilling[ J]. Bulletin
of the Chinese Ceramic Society, 2010, 29(1): 83~85
SN, FEHRRL R B %, CVD &RIAE#OEITLIRIES A
MRITOy #LL)]. Aed ki@ 4R, 2010, 29(1): 83~85

11 Yang Shiming, Tao Wenquan. Heat Transfer[ M]. Beijing: High
Education Press, 2006. 13~25
Mt es, WSO . R IMOL dbat: w80 AL,
2006. 13~25

12 Yang Yongsheng, Wang Min. Estimation and rational matching
of grinding wheel topography[J]. Machinery. 1999, 26 (2):
14~16
mHBEA, T O BRIESURIE T E LA FICE ] ALk,
1999, 26(2) . 14~16

13 Wang Qinsheng. Superhard Material Manufacture[ M]. Beijing:
China Metrology Publishing House, 2002. 57~78
FZA. BRI M. dbat. o E bR E AL, 2002,
57~178

EERE: R

0303006-7



