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Abstract

During laser micro polishing of the metallic surfaités very important tachoosehe optinal laserenergy density anidserspot
scanning speed.

In this paperduring micropolishing on the metallic surface by using UV nanosecond pulse thgeimfluence of laser spot
scanning speed on the polishing effeetsinvestigated in terms of the relationship with theerenergy density

Theexperimentahnd analyticatonsiderationsvere shownthat there ighe optimalscanning speedf laser spot fothebestlaser
polishingeffectwhenthelaserenergydensityon theworkpiecesurfacewasrated and the influence of theverlapratio of the scanning
lineswasalsocorsidered.

In addition,the optimal process parameters for the laser micro polishing of Ti and Nlicetafaces were obtained atitk laser
micro polishing experiments on theose metaflierfaces wre conducted. For Ti and Ni metallic surfaces, theasarfroughness
improvements of up to 51.6% and 52 % wegp ectivelyobtained.
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1. introduction

As a newtechnology in material surface processitigg laser mico polishinghasplayed one important role in
the precision machining of the material surfaés. the development of the precision machine manufacturing
technology, nanotechnologsnd MEMS manufacturing technology, the need for the degree of sudagleressof
metal products and elements has been increasing all the time. Therefore, precision and super precision polishing
technology for thenetallic surface has become very important issue.

According to theinteraction mechanism betweematerialsurfaceandlaser, laser polishingould bedivided
into thelaser cold polishing and laser thermal polishibgser thermal polishing generally usbgcontinuous laser
or the pulsed laser, anthrough the thermal effects produced by the interaction between teeahand the laser
the surface layer of material is meltaa obtainthe polishing effecf1]. Especiallythe UV nanesecond lasehave
beenused forthe precision and supgrecision polishing ohon-ferrous metasurfaceq2].

The factors such ahe erergy and wavelength of the laser bedhre pulseduration the scanning speed and
scanning method of the laser spandthe characters of the material surfaagnificantly affect the features of laser
thermal polishing proceg8-7].

The laser energy ahsity directly affects the laser polishingffectivenessand efficiencyin the laser
micro-polishing processin general, assuminthe incident laser energyn the workpiece surfacie constant, the
laser energydensity can be characterized by tager pot size.Therefore, the focal offset which is the distance
from the objective lens to the material surfacthés fundamental factor for determination of the laser spo{8jze

In theRef[9], using the laser energy density control by the control efftical offsetthelaser energy density
to obtain the optimapolishing effectwas investigatedand conductedhe micro polishing experimeston the
surface oftainless steel 316nd determined its optinm parameters.

In this paperduring laser micrgolishing processinghe relationship between the scanning speed of the laser
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spot and the optimum energy density at the given optimal focal offset hashseeaticallyinvestigated The
experimental and analytical considerations about the scanningl sipelaser spot were investigated. And the
optimal parameters of the laser micro polishining for the surfaces of Ti and Ni were deterdsimgdthe optimal
parameters, the laser miepolishing experiments on the surface of Ti and Ni were conductedharaghalysis of
the results were discussed.

2. Laser energy density and scanning speed
During laser micropolishing processingthe appropriate selectionf the laser energy densihas become the
most important factor affecting the quality of polishirigis related to the incident laser energy, focal offaatd
scanning speed on the workpiece surface.
When the mode gbulselaser is TEM,, its energydensitydistribution on the workpiece surface \eritten
as the following equation [9]:
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w h e ro & diameter of pulse laser beam before focuaexd,focal offsetr is distance from the laser spot centgr,
is focal distance anl, is maximum energy of the laser beam which is irradiated on the workpiece surface.
From thke analysis of the Eq. (1), the energy density on the workpiece surface is related to the distance from the
laser spot centaand thefocal offset.
From the Eq. (1), when the foacl offset is constant, the energy density can be rewritten as follows:

flr,d) =

f(r) =1, exp% 2
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where £, is maximum energy density of the laser beam which is irradiated on the surface, D is diameter of the

laser spot on the workpiece surface.

During laser micro polishing, especially in case of metalidexe, surface shallow melting (SSM) mechanism
has particular deploymeri,10], and thethreshold of laser energgensity, which merely dissolves the surface
without evaporation duringiicro polishing, is as follows

f - 8Eh
th p02

whereEy, is pulse laser energy threshold in the laser micro polishing,cienstant for the material in the laser
micro-polishing.
From Eg. (2) and Eg. (3), when the diameter of the fusion zahet is expressed as

>=0.50(n £ - In £,). (4)

As canbe known in Eq. (4when a single laser pulse irradiated on the workpiece surface and the laser spot
size is constanthe relationship between the square of the diametrsidn zongd”) andthe logarithmic value of
the irradiatedcenergy(InEy) is a linear proportion. From this relationship, we can obtain the diameter oflaker
spotand the pulse energy theshold of laser micro polishing experimentally.

If theseverallaserpulses are irradiated in the same spot, the incubation effectddtild be occured, and thus
the laser energy density threshold is expressed as follows:

fu(N) = F,(D)2 N2 (5)
2
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where f,( V) is thelaser energy density threshold whisnlaser pulses are irradiated in the same spét,a

constant relatetb the materialis calledasincubationfactar.
On the other hand, during the laser spot scanning on the workpiece surface, the optimal laser energy density
depends on the scanning speed ewetlaprate ofthelaser spot.

Fig.1 Schematic of laser spstanning on the workpiece surface
Figure 1 shows the schematic lafer spot scanning on the workpiece surface during laser micro polishing
processingwhereD is diameter of laser spot on the workpiece surfacés the length of theverlapportion of he
adjacent two pulses in the scanning direction.
Theoverlaprate of the laser spo€X) is written as follows:

(6)
Therefore, when the repetition frequency of the laser pulse is F and the scanning speed of the lageEsp¢6)s
is rewritten as follows:
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From Eg. (7), The number N ddser pulsesvhich areirradiated onthe same poinbf workpiece surfacean be
expressed as follows

From Eg. (5) and Eq. (8ve can rewritehe laser energy density threshold of which the optimum polishing effect
could be obtained as follows:

o ~5-1
a 1 0

H- o0

fopm = th( 1) (9)

3. Experiment and result

The used UV nangecond pulse laser is the higbwer QSwitched Ultravolet Laser(AVIA355-3000) which
has a wavelength of 355 nm, an average power of 3.0W, a pulse width of 40 ns, a beam diameter of 3.0 mm, and .
TEMoo. The laser micrgpolishing system used in the experiments had been introducedref8)].

The workpieces arené planar surface shapespofre Titanium{i) and pure Nickel(Ni), which has thickness of
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1 mm and sizef lcmxlcm. These were polished by sandpaper in water, coarsely polished by flatting varnish and
dried after washing with ethanol.
3.1 Laserenergy densitythreshold for a singlepulse laser

Based on Eq. (4), we can experimentally determine the threshold value of laser energy density when a single
pulselaser is irradiated on a single spot for the given material.

Fig. 2 The change of the fusion zone wither pulse energy (Ti surface)
The change of the diameter of fusion zone with the vargingle pulselaser energy was shown in F@.the
size of the fusion zone is measured with 3D digital microscopy {RBD, 7000 times). In the experiment, the
workpiece is Ti surface, the focal offsets 180 em, and the diameter of the
Based orthe diameters of thiusion zone with different laser energy densities obtainellign2, curve fitting is
performed between the square of the diameter dfufien zone and the logarithm diie pulselaser energy, and the
relationship curve is obtained as showirig.3.
The least squares fitting shows that these two parameters approximately satisfy the following linear
relationship:

y =5826% x - 2908, (10)
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y = 5.8e+002*x - 2.9e+003
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Fig.3 The relationshipetween the square of the diameter of the fusion zone and
the logarithm of the pulse laser energy on the Ti surface
In the same way, we can obtain the change offthi®n zone according to thearying laser eergy for Ni
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surface the results were shown in Fig.4 and Eq.11.
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Fig.3 The relationshipetween the square of the diameter of the fusion zone and
the logarithm of the pulse laser energy on the Ni surface

y = 3623 x - 1856 (11)
Thereforewhen a singlgulselaser isirradiated onthe surface oTi and Ni, thelaserenergythreshold and the
diameter of the laser spot are obtained from the(ggand the empirical Eqs. (10) and (11) were obtained by the

experiments, andhe laserenergy densityhresholdcan be obtaineds Table 1.

Table 1 the threshold value of single pulse laser energy density and incubation factor for Ti and Ni

Metallic Incubation | Laser energy density
material factor threshod (J/cf)

Ti 0.83" 0.36

Ni 0.72'" 0.74

3.1 Optimum scanning speed of laser spot and overlap of laser scanning lines

It is possible to obtain the pulse laser energy density which can obtain the optimum micro polishing effect under
the condition that the threshodlue of the single pulse laser energy densityated for the metal material.
Although there is a direct correlation between the laser energy density and the spot size on the workpiece surface
but these two parameters can not be arbitrarily changde iactual laser micro polishin@ecause the laser energy
distribution is Gaussian, the higher the laser energy, the higher the energy density gradient in the laser spot.
Therefore, when the laser sggiteon the workpiece surface becomes larger, ther lasergy density distribution in
the spot becomes more inhomogeneous, and the laser micro polishing quality also becomes decreased.

And the laser energy density for obtaining the optimum micro polishing effect is also related to the scanning
speed of théaser spot.

The laser micro polishing experiments had been carried ottidari and Ni metal surfaces.

In Fig. 5 and Fig.6the surface roughness is plotted floe scanning speed of the laser spothe experimerst
the UV nancesecond pulse lasgiAVIA355-3000) mentioned above was used and the surface roughness was
measured byhewhite interference microscope (WYKO NT9300: Veeco).
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Fig.5 The change in surface roughness with thecchange in scanning speed for the Ti metal surface
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Fig.6 The chage in surface roughness with thecchange in scanning speed for the Ni metal surface

As shown in Fig. 5 and Fig. 6, during the laser mipalishing for the Ti and Ni surfacesthe surface
roughness changes with the change in scanning speed of lasehspoisthe scanning speedf which thebest

micro polishingresultis obtained.
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Fig.7 The change in surface roughness with the change in scanning spéed @responding pulse laser energy

Fig.7 shows the relationship between scanning speed agtmess for different laser energies (21B ,

84¢J) on the Ti

surf ace.

167¢J

As shown in Fig 7, if the laser energy is too larg@ ( 3),end matter how the scanning speed changes,
satisfactory polishing results cannot be achiewathen the scanning speed is too small, although the surface
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roughmess is further reduced, but the total polishing time would be increased and the mechanical properties of the
material surface could be changed.
In general, the scanning speefllaser spoinfluences the micrgolishing effect by theverlapratio of lase
spotand the laser irradiation timérom the point of view of the laser micro polishing mechanism, during the laser
micro polishing process, due to the effects of dynamic viscosity, surface tems@gravity, the mass flow occurs
in the fusion regionvithin a short time, and then its mass flow is solidified to eliminate the surface asp#éfities.
the pulse laser energy does not change, the mass flow characteristics of the fusion are related to the viscosity of th
liquid phase the liquid surface tesion, the size of the fusion zone, thelting time, and the geometry of the
surface.Therefore, if the repetition frequency of the pulse laser is not changed, the size of the fusion zone and the
melting time are related to the laser pulse width anddhersng speedihe longer the irradiation time, the higher
the temperature in the fusion zone, the viscosity of the fluid becomes smaller, and the flow velocity of the fluid
becomes largeDuring the laser micro polishing, especially for metal matertals solidification rate in the fusion
zone is very fastWhenthe pulselaser of whichwidth is several tens of nanoseconds or less is used, the interaction
time between the surface material and the laser is very short. If the scanning speed is the ksiglidification
phenomenon occurs before the mass flow in the fusion zone is completely balémsedill reduce the
micro-polishing effect And whenthe melting time is too londthe scanning speed is too low), the number of laser
pulsesirradiating the samefusion zonewould be increasd; the evaporation fothe surface material may occur
because the temperature rapidly increaseduentiallythe surface roughneg® increasedTherefore, during laser
micro polishing, there is the laser spot scansipged which can obtain the best polishing efféaénlaser energy
and thesurfacematerialare rated
I'n the experiments, the | aser ener gy i sAndih @cak J , t
of fset is 161 ¢ mrougomess (Rahseddm foritheTim lir Saic d ,act he f ocal of
the initial surface roughness (Ra) is 123 nm for the Ni surface
The scanning speed which can obtain the best polis
experiment.
On the other hand, the overlap ratio of the scanning lines also has a certain influencen@rapelishing
effectwhen the laser beam is scanned.
After conducting laser micro polishingn Ti surfaceat different overlap ratios of the scamg lines, the
surfaces were measured using the white interference microscope, the results were shwonlinFigg.8, a), b),
c¢), and d) show the shape change and roughness of the surface when the overlap rates of the scanning lines are 0
0.5, 0.6and 0.7,and the surface roughnéRa)is 132.52nm, 117.23nm, 98.25nm, and81.35nm, respectively.
As shown in Fig. 8when the overlap ratio is 0.7, the surface roughness (Ra) is the smallest as 81.35 nm. The
initial roughness of the Ti surface usadhe experiment is 145 nm.
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Fig.8 Influence of scanning lines overlap ratio
Comprehensive analysis of the experimental results shows that the process parameters for obtaining the bes
micro-polishing effect wherthe Ti and Ni surfaceare polishedvith the UV nanesecond pulse laser (wavelength:
355 nm, pulse width: 40 ngye shown in Tablg.

Table 2.The optimal process parameters for the laser micro polishing of Ti and Ni surface

L ti | i
Metallic asgr energy | Optimum as.er Scanning Focal offset| Pulse rate| Overlaprate
material density threshod) energy density|  speed (€ m) (Hz) of scanning lines
(Jlen?) (Jler?) (eml g
Ti 0.36 0.28 355 161 20 0.7
Ni 0.74 0.59 363 127 20 0.7

3.3 Laser micro polishing for the Ti and Ni metal surface

The experimentof laser micro polishing for the Bind Ni metal surfaceere carried oubased on Table 2.
No gas was used in the experiments.

After carrying out the laser micro polishing, the results were measured and analysied by using the scanning
electron microscope XB0 and the white interferenceiaroscope.

Figure 9 shows the SEM image before (a) and after (b) the laser-ptifshing of the Ni surface.

From measurement and analysis with the white interference microscope, the surface roughness (Ra) of Ni
surface decreased from the initial 123.717 t0 64.52 nm, thus the reduction rate was 52%.



Fig.9 The SEM image before (a) and after (b) the laser mgolishing of the Ni surface

Figure 10 shows the result of measurement with white interference microscopbetteser micrepolishing
of the Tisurface.

Fig. 10 The result of measurement with white interference microscope
afterthe laser micregpolishing of the Ti surface
As shown in Fig. 10, the differena# micro asperityin the top and bottom dhe image is remarkablélere,
the top portion is not polished, and the bottom is polished.
From measurement and analysis with the white interference microscope, the surface roughness (Ra) of Ti
surface decreased from the initial 145.18 nm to 81.25 nrs,ttiureduction rate was 56%.

4. Conclusions

In this paper, the influence of laser spot scanning speed on the micro polishing effect is investigated in terms of
the relationship with the laser energy density during mpolishing on the metallic surfacby using UV
nanosecond pulse laser.

The Experiments had been conducted to reveal the relationship between the scanning speed of laser spot and tt
surface roughnes3.he experimental and analytical considerations were shown that there is the optimagscann
speed for the best polishing effect when the laser energy density on the workpiece surface was rated, and the
influence of the overlap ratio of scanning lines was also considered.

The optimal process parameters for the laser micro polishing wereeaabfainTi and Ni metallic surfaces.

The laser micrepolishing experiments on theurface of Ti and Niwere conducted. The roughness
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