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Abstract: A heat transfer model for pulse laser ablation of a bronze—bond diamond grinding wheel was
built by considering the effects of evaporation, plasma shielding, and energy accumulation under the pulse
interval. The model was applied for numerical simulation of the heat transfer characteristics in the pulse
laser ablation of bronze and diamond. According to the results of numerical simulation, experiments were
conducted for pulse laser ablation of a bronze wheel and bronze -bonded diamond grinding wheel. The
theoretical analysis and experimental results showed that under the indicated conditions, the laser of 2.10x
10° W/cm? could only perform dressing on a bronze—bonded diamond grinding wheel; the laser of 2.10x
10°W/cm?-2.52x10° W/cm? merged the truing and dressing of the grinding wheel; and the laser of greater
than 2.52x10° W/cm?® realized great—depth dressing but seriously affected the projection height of grits

from the bond and their grinding performance. These researches provide theoretical guidance for
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optimizing the process parameters associated with laser ablation of a bronze —bonded diamond grinding

wheel and the experimental data is in good agreement with the numerical solution to the model, thus

verifying the correctness and feasibility of the heat transfer model.
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Fig.1 Sketch of laser ablation of a grinding wheel

b o DRt TR AR 5 1) A R R P L AT T
T Je 2 T 4 3l T AR /N LA R0 9, R OB
bR O — YR MR E AT AR BRI B A i
SIS EZUNCR UL/ FLEIE e o8 Py % s AN
S5 TR BN LA K bk v i SR BN, 23 R
AR B P RE R AP 2 BRI i SE A%
PR B (BEBE AT < (1) K Ik o SO A IR 7 A6
AR Ha A% B A O B AR A 2 5 a0 A i
IO, (2) R IS B AN
BEPR AR AR . PR L7 5 4 P S R (e 4
7 CRIRARREE), B A AN K TR R
(3) BRI MWL O A A A A P, Hop
WS AL, A W R R4 5 0] b o3 A 4

0406008-2



BRECY & k4

5 4 3

www.irla.cn

% 46 %

l l lLaserbeam

Effect of energy ¢
accumulation |

W

vaporation
effect

Plasma
cloud

Bronze-bond

& 2 Feihad PR B 4R E A
Fig.2 Sketch of the physical phenomena

5o (4) BB i 4 WA b A —Fh S BPRL, B
[ S o N E DN U B S A PO /P i R s
MR A 2 R — R A e kL
1.1 RBkipeE BRRA

kot A SR A e B, SR
RIS, Hod i35 1, Jfe Kbk ot i
E:

_M) 1)

oa

I(t)=Iexp

PO RE B PO S TERD §E N IR R R b fE
AL MR BOI A, IO A S B R x AR Y
ok rhEOL RE B R

1y(x,0)=Bbly(1)exp(-bx) (2)
U BT AR A I E R | ik i e e R AR
JEAR T — > BRI EE ARG — 8 2 R 45 K R AN
RGO AR g fe i R AR R T b4
PR, BN T —AS Bk A B BE L, I e 2452 0 7 4
ENIARER B E(E . Wi 3 Fs

nduction to air

Laser beam

Pl 3 75 B 6 WA 0 AR Y AR R AN

Fig.3 Energy cumulative effect of the bronze diamond grinding
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Tab.1 Thermophysical parameters of the bronze and diamond

Bronze Diamond

Name Symbol Numerical Name Symbol Numerical
Atomic mass m/kg 1.038 2x107® Lattice energy P,/MJ - mol™ 39.4
Density p/kg-m™ 8 620 Density p/kg-m™ 3515
Thermal diffusivity kl/cm?-s™! 0.14 Thermal diffusivity kicm?«s™ 3.114
Thermal conductivity k/W-m™'-K! 41.9 Thermal conductivity k/W-m™'-K! 2 000
Specific heat capacity ¢/J-kg™ - K™ 352 Specific heat capacity c/J-kg™-K™! 1827
Melting temperature T./K 1173 Melting temperature T./K 3550
Gasification temperature T/K 2770 Gasification temperature T/K 4830
Absorption rate B 0.38 Absorption rate B 0.25
Evaporation enthalpy L/kJ - mol™' 300 Refractive index n 2.417
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Tab.2 Calculation parameters

Name Symbol Numerical Name Symbol Numerical
Laser wavelength AMm 1.064x107° Spot diameter D/pm 38
Electron mass m,/kg 9.1x107 Pulse width /s 2.1x107°
Average ionization energy UleV 7.630 5 Evaporation rate w/pmes™ 0.065
Pulse repetition rate f/kHz 50 Laser power PIW 40
Energy accumulation coefficient s 0.85 Absorption coefficient b/m™ 4.761 06
Grinding machine speed r,/t+min™ 300 Boltzmann constant k- K™ 1.38x107*
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Fig.5 Temperature changes in the pulse laser ablation of bronze
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Fig.7 Devices and equipment used for laser ablation
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Tab.3 Experimental parameters used
for laser ablation
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Fig.8 Topography of the bronze wheel after pulse laser ablation
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Fig.10 Topography of the bronze—bonded diamond grinding wheel after pulse laser ablation
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