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Abstract.

In this paper, a pulsed picosecond laser dressing method for bronze-bonded diamond wheel is studied systematically

and comprehensively. The picosecond laser pulse ablation experiment is carried out, and the ablation thresholds of bronze-
bonded and diamond abrasive particle are measured respectively. The results indicate that the single-pulse ablation thresholds of
bronze-bonded are 0.89J/cm?, 0.24J/cm? during strong/weak ablation stages. And the multi-pulse ablation thresholds of diamond
abrasive particle are 1.69J/cm?, 0.49J/cm? during strong/weak ablation stages. Obviously, diamond grains have less thermal
damage during the process of gentle ablation. The diamond grains of the grinding wheel surface are graphitized during laser
dressing. The bronze-bonded is relatively smooth and organizational stability, and the diamond grits have suitable prominent
height, which are beneficial to maintain the good grinding performance of dressed bronze-bonded diamond grinding wheels.
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1. Introduction

Hard and brittle materials, such as engineering ceramics,
optical glass and hard alloy, have been widely used in all
kinds of key equipment, and the grinding process of various
complex surface parts has gradually increased(Shariati et al.
2012, 20164, b, 2019, 2020d, e, f, g, h, i, j, 2021a, b, Dai
and Safarpour 2021, Forsat et al. 2021, Ghamkhar et al.
2021, Khadimallah et al. 2021a. b, Kumar et al. 2021,
Madenci 2021, Tlidji et al. 2021). Because of the advantages
of high bond strength, good thermal conductivity, good
wear resistance, long service life, and heavy load grinding,
bronze diamond grinding wheel is widely used in shaping
grinding, precision grinding and ultra-precision grinding of
hard and brittle materials (Habibi et al. 2016, 2018a, b,
2019b, d, e, Ebrahimi et al. 2019a, Esmailpoor Hajilak et al.
2019, Pourjabari et al. 2019, Safarpour et al. 2019a).
Bronze-bonded diamond grinding wheels are fabricated by
sintering using diamond (the hardest material in the world)
as an abrasive and bronze as a bonding material (Habibi et
al. 2017, 2019a, c, Safarpour et al. 2018, 2019b, 2020,
Alipour et al. 2020, Ebrahimi et al. 2020a, Ghazanfari et al.
2020, Chen et al. 2022). These grinding wheels exhibit
excellent grinding performance and strong wear resistance
and, therefore, do not need frequent dressing (Dold et al.
2011, Adamian et al. 2020, Al-Furjan et al. 2020a, b, Li et
al. 2020b, Liu et al. 2020b, 2021b, Zare et al. 2020, Dai et
al. 2021b, Habibi et al. 2021, He et al. 2021, Huang et al.
2021a, Zhang et al. 2021). However, dressing is required to
produce or restore the wheel geometry and topography after
the initial installation or if the wheel is blunted through
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using (Walter et al. 2012, Warhanek et al. 2015). Dressing a
bronze-bonded diamond wheel consists of two processes:
profiling and sharpening. Profiling is achieved by micro-
cutting on ion and contour. Sharpening is achieved by
“reroughening” the profiled grinding wheel surface by
removing the bond around the abrasive grains, thereby
generating inter abrasive chip space and ensuring that the
abrasive protrudes at a proper height (the grain protrusion
height in coarse-grained grinding wheels is usually tens of
microns) (Chen et al. 2015). For grinding wheels with
complex surface topographies and extremely high material
strengths and hardness values, conventional “hard-on-hard”
mechanical methods result in large dresser wear and only
provide low dressing accuracy/efficiency (Ding et al. 2017).
Pulsed-laser dressing technology is a non-contact method
with a high flexibility that can completely prevent dressing
tool wear while directly removing the diamond grains and
bronze bond in a controllable manner, thereby achieving
adequate dressing precision for coarse-grained bronze-
bonded diamond grinding wheels (especially form grinding
wheels with complex curved surfaces) (Stompe et al. 2012,
von Witzendorff et al. 2012, Lutey et al. 2016).

In laser dressing, an incident laser beam is focused on to
the wheel surface to remove the surface material of the
wheel through selective ablation, thus achieving the
required dimension and contour accuracy of the grinding
wheel, along with good surface topography(Ma et al. 2021,
Zhao et al. 2021, Liu et al. 2020a, Wang et al. 2020, Zhou
et al. 2020, Dai et al. 2021a, Guo et al. 2021a, Hou et al.
2021, Huang et al. 2021b, c, Jiao et al. 2021, Liu et al.
2021c, Moradi et al. 2021, Shao et al. 2021, Wu and Habibi
2021, Xu et al. 2021, Yu et al. 2022). When dressing the
grinding wheel, the incident laser beam can originate from
either the radial or tangential direction, as shown in Fig. 1.
Research studies to date have consisted of experimental
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Fig. 1 Scheme of the experimental setup

Fig. 3 Effect of diamond scribing test

investigations of radial laser dressing technologies, e.g., the
studies performed at the Institute of Laser Technology,
Hunan University (Zahedi et al. 2014, 2015, Boerner et al.
2015, Azarhoushang and Zahedi 2017), the Institute of
Machine Tools and Manufacturing, the Swiss Federal
Institute of Technology (ETH) Zurich (Jaeggi et al. 2011),
and the Laser Zentrum Hannover e.V. (Jeschke et al. 2002,
Zahedi et al. 2015). Instead of performing precision
profiling, a radial laser beam only sharpens the grinding
wheel because the size of the laser beam cross-section along
the direction of light propagation and the laser energy
distribution over this cross-section change continuously
(Ebrahimi et al. 2019b, ¢, Hashemi et al. 2019, Moayedi et
al. 2019, 2020a, b, Mohammadgholiha et al. 2019,
Mohammadi et al. 2019, Ebrahimi et al. 2020b, Habibi et
al. 2020, Qyarhossein et al. 2020, Shariati et al. 2020a, b,
Shokrgozar et al. 2020). Moreover, there is no definitive
“knife tip” position for the laser beam, i.e., the laser energy
is continuous in the incident direction. Thus, when the laser

beam scans the wheel surface, the beam tends to remove the
wheel surface material randomly. In addition, the removal
depth cannot be easily controlled. Therefore, this dressing
method cannot be used to correct contour errors of the
wheel, or to obtain the required dimensional accuracy of the
wheel, i.e., precision profiling cannot be achieved. This
issue results in a bottleneck in laser dressing technology.

To address this problem, we develop a new grinding
wheel profiling method using online laser sharpening. In
this study, online laser sharpening experiments were
conducted on coarse-grained bronze-bonded diamond
wheels using a pulsed picosecond laser. The surface micro-
morphology, the circular runout error, the axial gradient
error of the profiled wheel, and the degree of graphitization
of the diamond grains were measured.

In order to get a better surface, basic research on
ablation behavior of pulse ablation bronze bond and
diamond abrasive grain must be carried out. Pulse laser
radial cutting diamond grinding wheel, in essence, is the
process of multi pulse ablation of the binder on the surface
of the grinding wheel by the ablation pits formed by the
laser pulse sequence. In the process of laser sharpening, it is
necessary to effectively remove the binder and not damage
the abrasive particles, while the diamond abrasive particles
are prone to produce metamorphic layer and micro crack
under the heat action. It is necessary to optimize the
selection of pulse energy. In this chapter, the ablation
threshold test of picosecond laser bronze bond and diamond
abrasive will be carried out respectively, and the pulse
ablation threshold of bronze bond and diamond abrasive
will be measured by experiments.

2. Experimental apparatus and method

Fig. 1 is a schematic of the online laser dressing system.
The mean power (Pavg) of the pulsed picosecond laser is
30-100 W, the pulse repetition frequency (f) is 400 kHz,
and the pulse width (t) is 10 ps. The laser beam is
transmitted by a single-mode into an ablation head, which is
fixed on a motorized three-dimensional (3D) translation
stage, and then collimated, shaped, focused, and
tangentially directed onto the surface of the grinding wheel
(diameter D=100 mm, width W=10 mm, grain size 120#)
that is mounted on the spindle of a precision surface
grinder. The beam spot of the square-shaped top-hat beam
on the grinding wheel surface is dimensions of 35x35 pm.
The rotational speed (n) of the grinding wheel is set at 300
rpm.
Diamond grains are usually irregular polyhedral, and
fixtures are not easy to clamp. It is necessary to carry out an
exploratory test of a certain surface of the fixed diamond
polyhedron when the interaction between diamond and laser
is studied, the incidence angle and the amount of defocus
are greatly influenced. Therefore, a large size, single crystal
diamond without impurities is inserted into a clean surface,
the insert sample is shown in Fig. 2. The highest
temperature of the mounting presses only 130, which will
not destroy the properties of diamond. In order to avoid the
effect of dust and other impurities on the observation effect
before the diamond scanning test is carried out, the
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Table 1 Varied parameters of ps-laser ablation

Average power Scanning speed  Repetition ~ Number of scans
P Vg rate f Ny

30 ~ 100W 0~20m/s 0.4 ~2MHz
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Fig. 5 Monopulse with different pulse energy of bronze
bond

ultrasonic cleaning is carried out after 5 minutes and then
dried. The effect of picosecond laser scribing test is shown
in Fig. 3. The visible stage is reasonable, and the ablation
surface is easy to observe.

During dressing, the 3D translation stage is adjusted to
move the ablation head down to a set distance (ar=30pum),
i.e., the cutting depth of the laser beam. Meanwhile, the
laser ablation head scanned the contour line of the grinding
wheel in cycles at a constant speed (v) of 30um/s. The
abrasive and the bond that interfered with the laser beam are
removed by the laser. A laser beam power meter is
simultaneously used for the online monitoring of the power
of the part of the beam that is transmitted through the wheel
surface, i.e., the part of the beam that don’t contact the
materials on the wheel surface. If the measured power
reaches a preset threshold value (80 % of Pavg), then the
laser ablation head move down a distance, and the dressing
continued.

3. Results and discussion

Experimental measurement of ablation threshold of

picosecond laser ablation bronze bond is presented in Table 1.

In this part, the ablation threshold of bronze bond will
be measured by experimental method. The measurement
methods of the ablation threshold include plasma radiation,
damage detection, extrapolation (volume calculation and
area pushing algorithm), extrapolation, especially the area
push algorithm, and the area of the ablative pit is
convenient to measure, and the precision is high and the
application is wide. Therefore, the area estimation method
is used to test the ablation threshold. The energy of pulsed
laser is Gauss distribution, and its energy distribution
satisfies the following relations.

er?

1=1e @

In the formula, wo is the waist radius of the beam, r is
the distance from the center of the beam, and lo is the peak
power density of the laser. The diameter of the blind hole
formed on the surface of the material is also different when
the energy density (Hashemi et al. 2019, Al-Furjan et al.
2020c, d, e, f, Bai et al. 2020, Cheshmeh et al. 2020, Li et
al. 2020a, Lori et al. 2020, Najaafi et al. 2020, Shariati et
al. 2020c, Xiong et al. 2020, Guo et al. 2021b, Liu et al.
2021a) is different. In an ablation zone with a diameter of
D, the energy density of the outer contour is that the laser
can ablate the boundary energy of the material, and there is
a relationship between the diameter and the laser energy
density:

DZ

a2
I, = 1.8

@

In the formula, the Iy is the ablation threshold, and the
D is the diameter of the blind hole. The peak power density
of laser can be calculated by the following formula:

2E

ly =—m:2 (3)

E, is a single pulse energy, and the above formula can
be obtained:
D2
2E owl
lyy =——58 % (4)
(10N

D? =20, INE, 2,2 IE,, (5)

Type (5) is a straight line about which the slope is.
Through the experiment, the relation curve of the square of
the diameter of the ablation pit and the pulse energy is fitted
out as shown in the following diagram (the linear equation
is fitted by the logarithm of the least square method, in
which the R? shows the degree of data consistency).

According to the definition of the ablation threshold, the
values of the external D=0 are: Eums(1)=17.5u) and Eing
(1)=4.8uJ, in which Ews(1) and Ewng (1) are the single pulse
energy ablation threshold of the strong / weak ablation
stage. The energy density ablation threshold can be
obtained by the following calculation:

2E,

Fin = (6)
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The calculation results are as follows: Fis(1)=0.89 J/cm?
and Fing(1)=0.24 J/cm?, where Fis(1) and Fing(1) are strong /
weak ablation stage bronze monopulse energy density
ablation threshold. As shown in Fig. 5, the pulse ablation
effect is different for different pulse energies. It can be seen
that the diameter of different monopulse energy is different.
As the energy of monopulse increases, the ablation area
becomes larger. Due to the short action time, a deep level
ablation pit is formed. The ablation area is elliptical and not
standard, because the beam quality is lossy during the beam
propagation.

With the increase of laser pulse times, the ablation
threshold of multi pulse is smaller than that of single pulse
ablation. Moreover, when the number of pulses increases
further, the change trend of ablation threshold of multiple
pulses slows down, and eventually becomes stable at a
certain value. The relationship between single pulse and
multi pulse ablation threshold can be described as follows:

F,(ND=F,O*N“® )

The energy density ablation threshold of pulse number
is N and 1, respectively, to describe the influence factor of
thermal accumulation. And the multi pulse threshold of
copper binder is measured. When the number of pulse is
313, the ablation threshold of the copper bond energy
density is Fi(313)=0.75 J/cm? When the pulse number is
1270, the ablation threshold of bronze bond energy density
is Fin(1270)=0.6 J/cm?. It can be seen that with the increase
of pulse number, thermal accumulation becomes larger and
the ablation threshold of bronze bond gradually decreases.

The nanosecond fiber pulse laser (f=50 KHz, =210 ns,
A=1064 nm) is used to measure the single pulse threshold
Fn(1)=2.26 J/cm? of bronze binding agent, which is close to
that of Fn(1)=2.96 Jlcm?. The ablation threshold of
nanosecond laser bronze bond is larger than that of
picosecond laser ablation threshold. It can be seen that with
the decrease of nanosecond to picosecond pulse width, the
ablation threshold of bronze bond has been reduced. In
order to verify the correctness of the results, consult related
literature. The Ali Zahedi research group of German
University of Applied Science, Germany, shows that the
metal binding agent Ex=12.5 WJ is slightly smaller than the
experimental results. The reason may be: the research group

of the picosecond laser pulse width of 7 <10 ps, with
smaller than the test. The pulse width is smaller and closer
to the “cold processing” effect, and material removal is
easier.

There are few literatures on the effect of picosecond
laser on bronze binder. The bronze binder is mainly sintered
from copper powder. There are many studies on the effect
of picosecond laser or femtosecond laser on pure copper.
The Paul Boerner and others of Swiss Confederation
Polytechnic Institute, from the extrapolation method,
obtained the multi pulse Fu(100)=0.23 Jicm? (z =10 ps,
A=532 nm, f =50 kHz) by extrapolation, and the possible
reason is that the absorption rate of the laser beam in the
ultraviolet band is greater than the infrared band for the
copper material. The Lithuania Institute of physical
application, Gediminas Raciukaitis et al. (2021), obtained
the single pulse ablation threshold of pure copper by
extrapolation, Fn(1)=1.73 Jcm? (r =10 ps, D=20 um, A
=1064 nm, f =1 kHz). This test is out slightly, the reasons
may be: picosecond laser models are not the same, and not
the same as the beam quality factor. Jaeggi, Berne
University of Applied Sciences, Switzerland, and others,
obtained the single pulse ablation threshold of pure copper
by extrapolation, F»=0.95 J/cm? (r =10 ps, D=35 um,
A=1064 nm, f =50 Hz). The results are close to the results of
this test.

Diamond is a hard and brittle material with high
reflectivity and high refractive index. If a single pulse acts
on it, it will not be convenient to observe its ablation effect
due to the severe loss of the laser itself. At the same time, it
is difficult to study the single pulse ablation threshold for
high frequency pulse laser. It is a feasible method to study
the surface ablation threshold by using overlapping pulse
laser to scan the diamond abrasive particles. Here, the
concept of effective pulse number is introduced, that is, the
energy accumulated by Gauss pulsed laser beam is equal to
that during static ablation process when the groove is
scribed. The relationship between effective pulse number
and laser scanning speed v, spot diameter D and repetition
frequency f is as follows:

z Df
N 2 v ®

In the experiment, the repetition frequency f=2 MHz, the
scanning speed v=8 m/s, the spot diameter of D=50 pm,
scanning 1000 times, can obtain the effective pulse number
N=3133, the laser beam which only changes the single
pulse energy is scanned, and the relationship between the
slot width and the laser energy is obtained. As shown in
Fig. 6, the linear equation is fitted by the least square
logarithm, of which R? is shown. Indicating the degree of
conformity of the data). According to the definition and
formula of ablation threshold (5), when D=0 is launched,
the value of Ep are Emg(3133)=9.6 pJ and Ewns(3133)=33.2
wJ. Among them, Eing(3133) represents the weak ablation
stage, the multi pulse energy ablation threshold of diamond
abrasive particles, Ewns(3133) represents the strong ablation
stage, the multi pulse energy ablation threshold of the
diamond abrasive particles, and can be calculated to be
Fing(3133)=0.49 J/cm? and Fs(3133)=1.69 J/cm?,
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In order to verify the correctness of the test results,
consult related literature. The German University of
Applied Sciences Ali Zahedi research group, line scan to
obtain experimental results of diamond grits En=37.5 ulJ.
The ablation threshold of the experimental results in strong
erosion stage and test results slightly smaller, but the basic
approach. In the weak ablation stage, Ali Zahedi research
group did not analyze. When the energy of the incident
pulse is low, the width of the slot obtained by the scanning
line changes slowly with the logarithm of the pulse energy,
as shown in the blue fitting line in Fig. 6. Under the
condition of higher pulse energy, the width of the slot
changes faster with the logarithm of the pulse energy, as
shown in the red fitting line at the beginning of Fig. 6. The
two ablation stages can be defined as weak ablation and
strong ablation.

The mechanism of material removal is different from
two stages of weak ablation and strong ablation. Different
ablation grooves are obtained by scanning line, the integrity
of the edge of the groove (the effect of diamond crack), the
size of the heat affected zone, the color of the surface, and
so on, can reflect the intensity of the ablation, which is
related to the different ablation stages (different pulse
energy). As shown in Fig. 7(a), the weak ablative stage,
although the magnification is 2000 times, the edge crack is
less, the edge integrity is better, the edge of the groove has a
small amount of white area, the white area has a small
number of cracks and the crack size is less than 20um after
the use of high power lens. Diamond is a hard brittle
material, but the energy of laser monopulse is low, the

ablation is weak, and in the weak ablation stage,
evaporation is the main factor, and the force of diamond is
smaller and the crack is less. As shown in Fig. 7(b), at this
stage, the color of the groove surface is deeper than that of
the non-ablated area, indicating that the groove surface
structure has changed. In the strong ablative stage, the edge
cracks are obvious, the edge integrity is poor and the
irregular gaps are visible, there are a small number of white
areas on the edge of the trough, the lower edge is few or no,
but the lower edge is denser. Due to the high energy of the
pulse laser and the stress concentration, the cracks in the
lower edge have completely cracked, the material is
removed irregularly, and mainly by “phase explosion”
removal, resulting in the gap as shown in the diagram.
Compared with Figs. 7(a) and 7(b), the color of the groove
surface is deeper. Diamond has also undergone structural
change, and graphitization is obvious. When the laser pulse
energy is too large, the stress concentration causes the large
area of diamond surface to fall off. It provides a strong
argument for the above discussion process.

Under the experimental conditions, the laser spot
diameter is certain, and the laser pulse energy is one to one
with the laser energy density. Laser pulse energy is a key
parameter during pulsed laser dressing. The value of laser
pulse energy affects not only the smoothness of binder, but
also the thermal damage after abrasive ablation. The
integrity of the diamond grinding particles after ablation is
mainly considered, that is, when the grinding edge is sharp
and the heat damage is small, the overall evenness of the
binder is guaranteed, which is the standard to determine the
appropriate laser single pulse energy.

In Fig. 8, the ablation profile of the laser scanning path
line is L1=15 pm, the laser beam scanning speed is v=4 m/s,
the laser repetition rate is f=2 MHz, and the laser scanning
times is N=30, under the different laser single pulse energy
conditions, the surface of the bronze bonded diamond
abrasive layer. As in Fig. 8(a), when the laser single pulse
energy is Ep=5 pJ, the thresholds of the weak ablation stage
of the bronze bond and the diamond (4.8 pJ and 9.6uJ
respectively), the diamond abrasive particles are more
complete, but the abrasive grains are basically without the
outstanding height, and the material is mainly removed by
evaporation. From Fig. 8(a), we can see that there are only a
few bronze bonds on the surface of the wheel being
gasified, and the bronze bond is not effectively removed.

In Fig. 8(b), when Ep=15 pJ, it is a little smaller than the
threshold of 17.5 pJ in the strong ablation stage of bronze.
The bronze bond is in weak ablation stage, but the ablation
rate is increasing. Less than 33.2 uJ, the diamond has no
obvious thermal damage. At this time, the diamond abrasive
grain integrity is good, and the abrasive grain outburst is
effectively highlighted. The bronze bond is removed
effectively, and a small amount of bronze bond melt is
found on the surface of the grinding wheel. The bronze
binder basically keeps its original color and has little heat
influence. When Ep=20 pJ (greater than 17.5 pJ), the bronze
binder is in a strong ablation stage, the color of the surface
of the grinding wheel becomes deeper and the bronze
binder presents light black, indicating that the ablation
temperature is higher and the black molten copper oxide is
formed. The surface shape of diamond grains is irregular,
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due to the large heat effect and high ablation temperature,
and the defects such as breakage and corner loss on the
abrasive grains. At the same time, the height of the
protruding particle is larger, and some abrasive grains have
already fallen off. The heat damage of these abrasive
particles is very bad for grinding the workpiece, it is easy to
produce the breakage of abrasive particles and the falling
defects of the abrasive particles. These defects will
accelerate the grinding wheel wear. With the increasing of
laser pulse energy, the thermal damage of diamond wear
and tear is becoming more and more serious. When Ep=35
wJ, in the right map of Fig. 8(d), red area are marked.
Because of the large amount of debris falling off, the bond
is ablated sharply, and a concave “basin” area has been
produced, which has seriously damaged the structure of the
grinding wheel and is not conducive to the grinding
performance of the grinding wheel.

The scanning speed is different,the number of effective
pulses in single channel scanning is different. That is to say,
the number of multiple pulses is different. The scanning
speed is reduced from 6 m/s to 0.5 m/s, and the
corresponding effective pulse values are 125, 188, 376, 752
and 1504, respectively. In Fig. 8(a), the ablation zone has
less laser pulse, and the surface bond of the grinding wheel
has not been effectively removed, and the height of the
abrasive grain is not enough and the space of the capacity is
small. The height of the abrasive surface is not enough to
achieve the purpose of grinding, and the grinding
performance of the grinding wheel is poor. The small
volume of abrasive surface on the grinding wheel is easy to
cause the grinding wheel blockage and the grinding force to
increase. In Fig. 8(b), the abrasive grains are relatively
complete and high enough. With the decrease of laser beam
scanning speed, the number of laser pulses increased on the
unit area of the grinding wheel, and the number of effective
pulses increased to 376. From the fourth chapter, we know
that the bronze bond F(313)=0.75 J/cm?, while the Ep=15
uJ corresponds to the energy density of 0.76J/cm?, which is
larger than the ablation threshold. Therefore, when the laser
beam scanning speed changes to v=2 m/s, the heat
accumulation of the unit ablation area becomes larger, the
surface color of the bronze binder and the abrasive particles
becomes deeper, and the copper binder surface produces
copper oxide, and it is relatively rough. At the same time,
some of the abrasive particles have fallen off. In Fig. 8(d),
the binder has been ablated violently, and the molten binder
has even been wrapped in the abrasive particles, and some
of the abrasive particles are shedding, and the surface of the
grinding wheel is very rough. At this time the grinding
wheel is basically not grinding. In Fig. 8, the number of
effective pulses is 1504, and the bronze binder Fn(1270)
=0.6 J/cm? of the fourth chapter, and the pulse number of
1504, the bronze binder threshold is smaller than the 0.6
Jlcm?, The ablation threshold continues to be smaller, which
leads to the deeper color of the binder, and the surface of
the grinding wheel is covered with fused black copper
oxide, and the surface structure of the grinding wheel has
been changed and extremely rough, so it can not be used for
grinding. This is because the ablation threshold of the bond
and the diamond particles will become smaller as the heat
accumulation of the unit ablation area becomes larger, the

number of effective pulses is more, and the ablation
threshold of the bond and the diamond abrasive will
become smaller.

To sum up, when the laser single pulse energy is Ep=15
wJ, the average roughness of the bronze binders has little
change, the average roughness is small, the heat effect is
small, the integrity of the diamond grit is better, and the
gold rigid sand wheel with good topography and
geomorphology can be obtained.

4. Conclusions

The Experiments on picosecond laser ablation of bronze
bond show that the single pulse energy density ablated
Fns(1)=0.89 J/cm? and Fing(1)=0.24 J/cm? in strong / weak
ablation stage. The threshold value of multi pulse threshold
energy density of bronze bond is Fi(313)=0.75 J/cm? and
Fin(1270)=0.6 J/cm? By using picosecond laser scanning
method, the ablation diamond abrasive particles are
obtained: the multi pulse energy density threshold of the
strong / weak ablation stage is Fins(3133)=1.69 J/cm? and
Fing(3133)=0.49 J/cm? respectively. The effect of scanning
and Scribing on two stages of strong / weak ablation is
analyzed. In the weak ablation stage, the cracks of diamond
abrasive particles is less, the edge contour integrity is good,
the material removal is mainly evaporation, and the
diamond abrasive grains are very serious and the edge gap
is more notched in the strong ablation stage, and the
material removal is mainly phase explosion. In order to
obtain good abrasive grains, strong abrasive erosion should
be avoided.
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