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Temperature Field Simulation and Experiment for Truing and Dressing
of Bronze-Bonded Diamond Grinding Wheel with Pulsed Laser
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Abstract Based on interaction between laser and matter, the research on truing and dressing bronze-bonded
diamond grinding wheel by acoustic-optic @Q-switched YAG pulsed laser is carried out. Simulation models of single
pulsed laser ablating bronze and diamond temperature field are established by finite element method, which shows the
temperature distribution of bronze and diamond under different laser power densities. Reasonable laser parameters
are obtained from the temperature distribution contours: the pulsed laser power density ranging of 1.66 X 10" ~7.5X
10" W/cm? is suitable for dressing; the value ranging of 9.95X10" ~3.52X10® W/cm?® is suitable for truing, which
can be used as reference values for practical dressing and truing experiment. Typical parameters are applied to actual
truing and dressing experiment, and the surface topography of the grinding wheel becomes favorable. Through
simulation and experiment, the mechanism of pulsed laser truing and dressing bronze-bond and diamond grinding
wheel is further analyzed.
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Table 1 Thermal properties of bronze and diamond

€))

Property Bronze Diamond
Density p /(kg/m?) 8620 3515
Thermal conductivity
A/ [W/(m - K)] 41.9 2000
Specific heat C /[J/(kg « K)] 352 1827

Thermal diffusivity
a /(107" m*/s)

Vaporization temperature T, /K 2770 3973
Absorptivity A (YAG laser) 0.38 0. 20

0.14 3.114
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Fig. 1 Finite element geometrical models of laser truing and dressing bronze-bonded diamond grinding wheel (The quarter of

circular area is the region of laser radiation). (a) Geometrical model of laser ablating bronze; (b) geometrical model

of diamond protruding bronze-bond; (¢) load scheme of laser ablating diamond
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Table 2 Output parameters of YAG laser ( f=5 kHz, d=260 pm)

i/A 11 12 13 14
P,./W 30.9 43.9  51.5  61.2
r /ns 700 500 400 300

I/(10° W/em®) 0.166  0.331 0.485 0.769 0.995

16 17 18 19 20 20(f=2 kHz)

66 78 92.5 114 118.6 56

300 200 200 180 150 150
0.829 1.470 1.743 2.387 2.978 3.518
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Fig. 2 Temperature distribution contours of pulsed laser ablating bronze. (a) I=1.66X10" W/cm®;
(b) I=3.31X10" W/cm?*
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Table 3 Thermal stability of diamond in different

mediums at higher temperature

Medium  Temperature T /K Thermal stability

=873 Epidermis turns black
Oxygen )
973~1053 Start burning
A 1013~1113 Being oxidized
ir

1123~1273 Start burning

Little oxygen =1273 Graphitizing
Vacuum =1773 Graphitizing
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Fig. 3 Temperature distribution contours of pulsed laser ablating diamond . (a) I=3.31X10" W/cm?*;
(b) I=9.95X10" W/cm?
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Fig. 4 Temperature distribution contours of pulsed laser ablating diamond [[. (a) I=3.31X10" W/cm®;
(b) 1=9.95X10" W/em®; (¢) I=1.74X10° W/em?; (d) I=2.98X10° W/em?; (e) I=3.52X10° W/cm®
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Fig. 5 Surface topography of grinding wheel under optical microscope. (a) Before laser truing and dressing;

(b) after laser truing and dressing
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