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Abstract To solve the problem that truing and dressing of superabrasive grinding wheels are very hard, a method
which is called "laser and mechanical compound truing and dressing" is used. Multiple-pulse finite element simulation
is done to optimize laser parameters during laser rough trimming and reach a certain circular runout range of grinding
wheels after laser rough trimming. Through simulation results, laser parameters of laser rough trimming are
selected. Then, laser and mechanical compound truing and dressing experiments are done for bronze-bonded diamond
grinding wheel which is just die-casting molding. Results show that if appropriate technological parameters are

selected, laser and mechanical compound truing and dressing is an effective method.
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Table 1 Thermal properties of bronze

Property Value

Density p /(kgem™*) 8620

Thermal conductivity A /(Wem™!'«K™) 41.9
Specific heat ¢ /(Jekg ' K™ ") 352
Thermal diffusivity ¢ /(10 " em?es 1) 0.14
Vaporization temperature T, /K 2770
Absorptivity A (YAG laser) 0.38
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Table 2 Output parameters of YAG laser ( f=5 kHz, d=0. 26 mm)

i /A 11 12 13 14 15 16 17 18 19 20
P./W 30.9 43.9 51.5 61.2 66 66 78 92.5 114 118.6
z /ns 700 500 400 300 250 300 200 200 180 150
I/(10° Weem ™ 2) 0. 166 0. 331 0. 485 0.769 0. 985 0. 829 1.470 1.743 2. 387 2.978
F3 TR N 1.66X 10" Weem IV 106 S 5 245 R
Table 3 Simulation parameters and results for power density of 1. 66X10" Weem' ?
Defocusingamount /mm 0 0.1 0.2 0.3 0.4 0.5 0.6
Dent depth /pm 172. 4 141. 4 112.8 86 58.6 31.4 0
C start
S

build finite element model, set element type, set material properties, choose element, read laser source function, set initial condition

| set loading time for one step and total number of steps ‘
|

¥
| choose initial boundary of heat source and load laser heat sourcm

| finite element solution |

| kill the element whose temperature is beyond the vaporization temperature

¥

‘ save results ‘

calculation step end?

yes

end

BB R

Fig. 1 Simulation flow chart

0703002-3



# ot

3.3 HEZRSHH
3.3.1 ZEeE L

D) [ b o« B AR A 0 22 {H -5 [ Bk 3h /)
HH 5 IR A P ik (M TR BE 2 22 L B AE 100 A Jik ih
PERIR 10 e [ Bk 2 1y i+

2) AR L BRA PRI M 5T s £E R AR
GBI 5 il B T 370 L

3) B fR R HOL M A E S R 5 Bk B R
Z Al BE S

3.3.2 AR
Bl 2 S &0 % 8 Bk 3h 100, 200, 300, 400 pm
I R OE S RO DS EAT LB L TEAS )i
TR E Lo W 100 A Bk ob VE 5 20 e A% R 25
Wiht oy AT R g R () I B O Dl R
E 360

L (a) —=— [=1.66X 10" Wecm™
300 %, —e— ['=331X 10" Weem™

A —a— [=4.85X 10" Wecm™
2a0f R, —v— [[=7.69X 10" W*cm®

N \\ \$§:\ —e— 1,=9.85X107 Wecm™
180F NNV,
NN 3

TN

120F N N AL N

60F N AN

N
.. V-y_*-0.
L \l \'\. A\kg A \'W\’ ’\0\’
0 o \ \o \A \v \0
0 500 1000 1500 2000 2500
Defocusing amount /um

360

L (© ——1=166X10" Wecm™>
300k ——]=3.31X10" Wecm™>

——'=4.85X 10" Wecm™
——L=7.69X 107 W*cm2
——1,=9.85X 10" Wecm ™2

2a0f
180f
120}
60 :\
of.

0 500 1000 1500 2000 2500
Defocusing amount /um

Removal quantity of low point /um  Removal quantity of low point /|

0 o AV 25 B k38 3 308 T 5 ) 5 5 A [ S B
HE AR R AR R E . K3 S
Bl 2 [l S5 h A 2009 100 Ak vh A LIS I b4
52 Bk sl /0 Bk . el PRI AT R S R AT ) L B R
PR 38 O R0 e 1 [ 9k 2l il 2 o il 2 5 A
RS i 2 0y 23 5 2 11 AR 120 4 1 (581 8k 23l s 2>
BHTE . . g5 B 2 3 0 EA R o A
T BB 1 3 b el /0 159 Bk sl HLR AT RE 25 BR AR A Y
L Xt AR S2 58 9 306 a8 - 0 24 1 AR 2 %
MROE S B R 2 11 A 224G 6 B ) %
WIEHN 1.66X10" Weem *, [H% ERE L+
HY T A5 B R A A Y R R B D AR L TR
S B e HE 1 AT LUK R R T 11 AL

wW
[=2)
[=)

L () —— [,=1.66X 10" Wecm

—— [[=331X 10" Wecm2
—— [[=4.85X 10" Wecm 2
—— [=7.69X 10" Wecm

0

—— ] =9.85X 10" Wecm™

0

o]

S

S
T

240F

Removal quantity of low point /um

180F
120
60 -\
(0] N L )
0 500 1000 1500 2000 2500
Defocusing amount /um
360 ¢ d
L (D ——,=1.66 X 10" Wecm™
300 F ——1=3.31X10" Wecm™
1 ——[,=4.85X10" Wecm™=
aa0k ——1,;=7.69X10" Wecm™

] ——1,=9.85X 10" Wecm2
180 F

120
60 F \
(1] N N N N .
0 500 1000 1500 2000 2500
Defocusing amount /um

Removal quantity of low point /um

Bz MR Zbrie. (@BRBE3hHN 100 pm; (b EBEI Y 200 pm; () B3I 300 pm; (D BBEZIH 400 pm

Fig. 2 Removal quantity of low point. (a) Circular runout is 100 pm; (b) circular runout is 200 pm;

(¢) circular runout is 300 pm; (d) circular runout is 400 pm

& 2. 3 IR 1.66X10" Weem ?
JIERF IO £ A8 A0 1 AT 23 A AT 25 1 d 00 1) Bk gl
43912 400,300,200 pm 7245 B, 28 100 A ik #h A
MG AR S L BRAK T 30 pm MG DL R b4
52 Bk 20 43 308 2> T 112.85.60 pm 2247 5 1M 24 10 4
B Bk 3K 100 pm A 45 1, 28 100 Ak bV S
WP AR TEAR S S BRAK T 30 pm WK OL R 80 56 17 Bk 3h
R 17 30 pm, MU DL E A7 450 2% 18 3

JCHY AR E P BAT IR ) T AL PRod e rh it B 2%
THAY R 2P 5545 07 T A . EL e R R e 18 Bt 3l ik
— 208/ TR R RO 9 ik b VR T S B R AR mi A 5
BR 2 B8 00 T Bk sl A5 5 A DL SO L
e B v 0 5 (B Bk 3l By BB A B B9 2% (€ T 100~
150 pm Z J] o BV 25 80 (58] 8k s il /> 28 3 A 9 L
fEILROCHE  EAT BT,

0703002-4



&

WRAR

A
%,

WOL-HUME 5 18 B B R D AR T 5

Removal quantity of circular
runout /um

Removal quantity of circular
runout /pm

P 3 [ Bk ek

'S
=)

[VV]
(=

Do
S

[u—
S

(=]

-10

90

75

60

45

30

15

—— [=1.66X 10" Wecm2
—— ] =3.31X10" Weem2
—— ['=4.85X 107 Wecm2
—— I =7.69X 10" Wecm2
—— 1,=9.85X 10" Wecm'2

—— I'=7.69%X 107 Wecm-
—— 1,=9.85X 10" Wecm2

1000 1500 2000

500
Defocusing amount /pm

0

=N
D,

g
[=]
|9
H
(9]
B E
L 5’3
- *g 2 30
s = £ %
>
o =]
IS 10
L <5}
L L L L L ] Q:
0 500 1000 1500 2000 2500 0
Defocusing amount /pm
_ (0) 120
S —— ] =1.66X10" Wecm2
[ —— ] =3.31X10" Wecm™
[ —— 1'=4.85X 10" Wecm™ 9%

[=2]
S

Removal quantity of circular
runout /pm
[¥V)
S

2500

I=1.66X 107" Wecm™
1'=3.31 X 10" Wecm?
'=4.85X 107 We cm™
=7
1=9

0

69X 107 Wecem2
.85X 107 Weem2

0 500 1000 1500 2000 2500
Defocusing amount /um
_ (d)
LN} —— ] =1.66X10" Wecm2
—— ] =3.31X10" Wecem™2
—— 1'=4.85X 10" Wecm™

—— I'=7.69 %107 Wecm-
—— 1,=9.85X 10" Wecm™

1000 1500 2000

500
Defocusing amount /um

2500

() Bk SI4 100 pm; (b A BESH K 200 pm; () BBESI4 300 pm; (D EBE3) N 400 pm

Fig. 3 Removal quantity of circular runout. (a) Circular runout is 100 um; (b) circular runout is 200 pm;

(¢) circular runout is 300 pm; (d) circular runout is 400 pm
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Table 4 Parameters of laser rough trimming

Circular runout /pm Defocusing amount /mm Current /A Frequency /kHz Revolving speed /(r/min)

Load /(mm/r)

400
300
200
150

0.2 11.5
0.3 11.5
0.4 11.5
0.5 11.5

ol ol ol Ol

500
500
500
500

0.4
0.4
0.4
0.4

F5 OHOLBHIERS

Table 5 Power parameters of laser dressing

Current /A

Frequency /kHz

Defocusing amount /mm

Revolving speed /(r/min)

Load /(mm/r)
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Fig. 4 Surface of grinding wheel without
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Fig. 5 Surface of grinding wheel. (a) Laser and mechanical compound truing and dressing;

(b) mechanical truing and dressing

2 3t — BESORHLIE 5 B4 M B BE 30 M\ 450 um
FHEH 120 g Bl AT LU 4R 408 1O O 2
O Th 3% i B A2 ) I L WO BB S 90 ek
HORETE . Ak SO LI — B )5 7056 0 I B 3 41
17110 pm 247 B AR AN JF B AE T 100 pm f)
B A 0T 2 9 T 5 A R K 5 R A R0
e 32 B 22 B9 R K T % HE 0O 1 R R 1
A % 8 W 70 28 1A o R 4R 1 O A 2
V46 4 7 T S5 R A 0 3 o T 46 T 9 30 1 /s
42 L R 18 5 24 A 16 T A D 4 9 0 B
2 AR RS B I/ 5 5 I 2
e g T M S R R L. TR A O HL I T B
R BB E) 2 % il F 100~ 150 pm 2 il H &
B3 L I P 0 L 4 R —

5 4% e

SO U A o 2 — AT R I 3%
S 3o % 74 1 45 4 700 10 22 B b 0 20 SR B W T AR AR
5200 4% PR F MO RLIE T2 1 7 o 19 30 2 80

CB AR T3 ) 15 0 T OB LI 45 60 46 97 e
51 23 1 I B B9 L 100~ 150 i, {5 L 9C
S B 2 1 SO L0 A 5 391 i 5 9 9 0 144 5
BRI R, 7RSI R E R SIC R B 1
SRBEEI M 110 um FREF] T 50 pmi i — SR T
RS I

& X X #

1 Kang Renke, Yuan Jingting, Shi Xingkuan et al.. Study on laser
dressing of superabrasive grinding [ J ]. China Mechanical
Engineering ,» 2000, 11(5) . 493~496
BEARL, BAURE, S0 S5, HAE R A RO 18 B AR I ST
[J]. P EMHK A, 2000, 11(5): 493~496

2 X. Z. Xie, G. Y. Chen, L. J. Li. Dressing of resin-bonded
super abrasive grinding wheels by means of acousto-optic Q-
switched pulsed Nd: YAG laser[J]. Optics & Laser Technology .
2004, 36(5): 409~419

3 Chen Genyu, Zhu Dingjun, Peng Kai et al.. Ablation mechanism
of bronze-bonded diamond wheels dressing by pulsed laser[]].
Chinese J. Lasers, 2007, 34(sl): 245~249
PrARAx, REF, &2 8l %, Bkop oG5 8w 8 4 Rla 1 5 5 il
BURIBFFE[T]. + Bk, 2007, 34(s1) . 245~249

4 Chen Genyu, Li Lijun, Ma Honglu e al.. Laser truing and
dressing of bronze-bonded diamond wheels by a Q-switched YAG
pulse laser [ J]. Chinese Journal of Mechanical Engineering ,

0703002-6



WRAR AR 4 -

WOL-HUME 5 18 B B R D AR T 5

2005, 41(4): 174~179
BRARA . 2208, BRB 5. 06T Q YAG kot & 4 Fu ik
JETF AN AR M T AR SR, 2005, 41(4): 174~179

5 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 A, BREE, B fL 5. BOGE R H4 NUA e o
[J]. ¥ E#k, 2009, 36(5): 1278~1281

6 E. Westkamper. Grinding assisted by Nd: YAG laser[]]. CIRP
Annals-Manu facturing Technology, 1995, 44(1). 317~320

7 C. Zhang, Y. C. Shin. A novel laser-assisted truing and dressing
technique for vitrified CBN wheels[J]. International Journal of
Machine Tools and Manu facture , 2002, 42(7) . 825~835

8 C. Zhang, Y. C. Shin. Wear of diamond dresser in laser assisted
truing and dressing of vitrified CBN wheels[ ] ]. International
Journal of Machine Tools and Manufacture, 2003, 43 (1)
41~49

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
M, WIEA . REEIAR SE. WOGHE B LS R 4 R D A YR
BB RLT]. P E¥OE, 2005, 32(3): 431~435

10 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
FRAR 4. 7O6TH Q Nd: YAG ik i 8% A& 4 75 i 4 NI 7 ib 46 B3
REARILD]. Kb #IH K5, 2006

11 Wang Xuyue, Xu Yunfei, Xu Wenji e al.. Experiment and
evaluation of laser dressing diamond grinding wheel by side
blowing[ J]. China Mechanical Engineering, 2008, 19 (6):
725~1728
FEER, & IRSCHE Sl B Sk A WA D R O 1S
BRI SITEMT]. F B AU A2, 2008, 19(6): 725~728

12 Yang Shiming, Tao Wenquan. Heat Transfer[ M]. 4th edition.
Beijing: Higher Education Press, 2006
Wt B SCE. EREIMDL SN Jbat. S ECE WAL,
2006

13 Chen Genyu, Yu Chunrong, Li Shichuner al.. Temperature field
simulation and experiment for truing and dressing of bronze-
bonded diamond grinding wheel with pulsed laser[J]. Chinese J.
Lasers, 2011, 38(7). 0703002
BRAR A R, Z0E . KOs B % 5 W & RlA 4R
BB SRR [)]. F B sk, 2011, 38(7): 0703002

14 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

EBERE: R4

0703002-7



