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ABSTRACT

With different thickness, different grades of stainless steel cutting experiments, the process parametersbased on single
factor test method the laser power, cutting speed, pulse width, repetition frequency, from coke, auxiliary gas pressure
on the influence law of cutting quality. Based on two-factor test method for systematic analysis of the laser power,
pulse width and repetition frequency of the incised the influence degree of the average width, show that laser power
influence the most significant, pulse width is more significant.
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INTRODUCTION

As an important application of laser, laser procgsss an effective means to improve the traditloinalustry

production capacity in industrial pproduction. Tinest typical is the laser cutting technology, beeaaf its high

cutting precision, speed, flexibility, wide applica range, low noise advantages, can effectivedkenup for the
defects of traditional method of cutting tool weahe deformation of the workpiece, cutting, typesnadterial

consumption, low machining efficiency. Since thepmgarance of 1960s,it was quickly applied to indyst
agriculture, health and other various fields of fod continuous development of the laser propedies working

principle of the in-depth exploration of analysigldaser equipment update, the application provese controllable,
application results continue to improve, to bringyé economic benefits to the society.

Laser processing technology as the important agipdic of laser in industrial production is the effee measure to
improve the ability of traditional processing inthysproduction, one of the most typical is the fasatting
technology, the proportion of its application hasrenthan 70% of the laser processing industry agh@ication of
industries including automobile manufacturing, apare manufacturing, chemical equipment manufacjuri
electrical and electronic products manufacturinbaod metallurgical equipment manufacturing indysbiological
medicine equipment manufacturing, etc.; Cuttingeoty are mainly slotted sieve tube, CVD diamonah,fiPCR
biochip liquid storage pool, cold rolled steel, @ston gears, substrate mica sheet, endovascelatssi_CD glass
substrate, etc.; the ability of cutting materialséry extensive, including all kinds of steelpglbnd high hardness,
high melting point of non-metallic materials.

Laser cutting is the most mature technology inriaggplication, with the development of automobiidustry, the

accurate cutting and favorable welding performameerequired increase and need to further imprbeectitting

quality problems. Laser cutting quality, cuttingfage quality indicators include (1) the kerf widthd cutting surface
roughness; (2) the cutting section of corrugatiéidarigle and the cutting surface roughness; (&rayslag thickness
surface; (4) the width of the heat affected zone.
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Figurel laser cutting quality evaluation index

According to the laser cutting of the domestic #mekign research present situation, research orciktieng thin
plate YAG pulse laser is fewer, and the existingesgch results only based on the single factor diesple,
influencing factors are involved is not completgld of in-depth analysis of the system, the re$eapatents of this
paper are as follows:

(1) the laser power, the single factor test metiedcutting speed, the cutting quality of influenadth, repetitive
frequency, defocus, assistant gas pressure batsa](g)the laser power, double factors test metifqulilse width,
repetitive frequency on the cutting width influemresearch based on.

EXPERIMENTAL SECTION

Laser cutting processing equipment take JHM-1GX98B0Nuhan Chutian Laser Group Limited production of
YAG multifunctional laser processing machine asvaian Figure 2, the main technical parameters:drggewer
500W (above the optical fiber transmission 200VMg tmhaximum output power of 550W; the max singlespul
energy of 100J, 0-100J continuously adjustable i¢aptfiber transmission 25J); pulse frequency 14380
continuously adjustable (1Hz); pulse width 0.1-20omntinuously adjustable (step 0.1ms); pulse ctiige0-600A;
focal spot diameter of 0.3-2mm; the maximum cutspged 1200mm/mim.

Figure2 YAG laser processing machine

Measuring equipment used in this study include:

(1) VME400T 3D imaging probe from Zhitai precisianstruments Shenyang branch production measure
instrument, as shown in figure 3. The main tecHmeasiameters are as follows: the measurement ofestiX axis
400mm, Y axis 300mm, axis Z 200mm; X/Y axis lingagcision (3+L/200) um; X/Y/Z three axis opticaloeder
resolution 1um; repetitive 2um; optical magnificatio.7-4.5X, image magnification 28-180X.

(2) the MM-30C inverted microscope from Shanghaiosel Schleswig optical instruments Co. Ltd., aswshin
figure 4. The main technical parameters are asv@l the optical magnification: 100 * /200 * /400500 * /1000

*: fretting hand wheel lattice coarse micro coaX@iusing mechanism value: 0.002mm; mechanical ngpgtage
size: 242mm x 200mm, mobile range: 30mm * 30MM; mbuotatable table size: the largest diameter of ph
130mm, minimum aperture is less than 12mm in diamet
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Figure 3 3D optical imaging probe

Figure4 inverted microscope

Compound instrument

The material type which were adopted in this experit:

(1) Cr18Ni9 plate, thickness of 1mm, 0.6 mm;

(2) 1Cr17Mn6Ni5N sheet, thickness are respectide®ynm, 1.05mm, 1.25mm, 1.7mm.
Chemical composition sheet is shown in Table letab

Table 1 Chemical composition of stainless steel Cr18Ni9

C [Si [Mn] Ccr[ P] S| Ni
0.151.002.00 17.-19.0.0350.030 8.-11.

Table 2 Chemical composition of 1Cr 17Mn6Ni5N (%)

Elements o Si Mn Cr N P S Ni (246 | =4
GB/T20874<0.15<0.75/5.5~ 7.5/13.5~ 15| <0.25/<0.06 <0.03{3.5~5.5| 0.8 | 1.5

RESULTSAND DISCUSSION

Figure 5 shows the power of the laser is the rmopbrtant parameter of laser cutting quality, thamge of the
power directly result in the change of input to thaterial surface power density change, resultmgignificant
effects on kerf width. Under different laser poward current, laser cutting seam width variation.th\he
increasing power and current, the cutting seamhaiiattrease obviously. Do not use the oversize p@andrcurrent,
The higher laser power, the bigger power dengity,greater the molten material, the high presstegam liquid
material was taken away, the more the seam widiface quality is poor. The smaller the laser povpawer
density is smaller, which is often do not have @foenergy to melt and cut the metal.

Figure 6 shows the cutting speed is an importactiofawhich affecting the laser cutting efficiencgdacutting
quality, for the existence of optimal cutting speamge of a certain thickness of some material ofkpiece,
workpiece within the upper and lower the cuttingreewidth tended to be stable, small range. At tthis, material
to the surface of the material to spontaneous cetitny accumulation of excessive heat, heat affeaene
becomes larger, the surface quality becomes pbower this speed, which will also lead to the esgbn of hot
melt material ablation incision surface qualitytioé rough surface.

Figure 7 shows the width pulse laser is directlatesl to the effect of time in each cycle of lasematerial, at the
same time its changes can cause changes in thdriegpaency range, so it has a great effect onngutjuality.

Figure 8 shows that for the pulse repetition,frempydaser directly affect the cutting quality ahe ttutting time. In
the middle of a certain frequency range, incisiple frequency with increase of the laser freqyencreases so
as to obtain high quality cut low roughness, bwtdo than the range of materials, due to overheaimg) over
burning, causing the kerf width increases, rippégjfiency is low, the incision high roughness, loguality, higher
than the range of frequencies, lead material quttipermeable and bottom dross phenomenon.
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Figure 9 shows using the laser cutting, the sedeftteal volume will have a great effect on cuttiongality. Because
the defocus changes can change position on thaceudf the material and radiation focus spot radime, thus
affecting the concentration of laser energy, résylin cutting quality changes.

As the focal point is of the highest power density,most cases, the focus position just in the amafof the
workpiece when cutting, or slightly below the sedawhen the focus is in the best position,theiraytyapis
minimum and the efficiency is highest.

Figure 10 shows during the laser cutting procassiary gas acts to cool the cutting area, blowsta, heat effect,
so the reasonable selection of species and preassisied gas can effectively improve the cuttinglity. Due to

oxygen and material reaction can be cut with afakaction heat for the laser, can improve théirmyitspeed. But
for the stainless steel sheet metal inert gas eaobbained without oxidation trimming, directly dse welding,

strict control of laser heat input measures, goodosion resistance effectively maintain the stsel steel, this
paper tests using nitrogen gas as auxiliary. Attber determination of the auxiliary gas, gas presssiralso an
important factor, when the gas pressure is higledmaitting thin plate when higher need, in ordeprevent the
incision on the back of slag, hot slag hanging aheoworkpiece will damage the cutting edge; whenthickness
of the material increase or cut slower when thepgassure should be reduced.
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Figure 11 1Cr17Mn6Ni5N cutting surface morphology ( Thickness: 0.9mm cutting speed: 6mm/s pulse width: 0.7ms frequency: 50Hz
defocusing amount: Omm: N2: 0.8M Pa gas pressure )

(c)1.0MPa, Ra=8.345pm
Figure 12 1Cr17Mn6Ni5N cutting surface mor phology (Thickness: 1.7mm laser power: 140W cutting speed: 6mm/s pulse width: 0.7ms
frequency: 50Hz defocusing amount: Omm assisted gas: N2 )

Figure 11 shows when use the inverted microscopgnified 200 times, observed under different power
1Cr17Mn6Ni5N cutting seam surface morphology amel surface roughness value of the correspondingnAl
with the power of 85 w to 145 w, 1Cr17Mn6Ni5N sfity surface roughness value showed a trend ofaserevhen
the power is 85 w slitting surface quality is best.

Figure 12 shows 1Cr17Mn6Ni5N cutting seam surfacerpfmology under different air pressure and the
corresponding surface roughness value, when thesyme increased from 0.6 MPa to 0.6 MPa, 1Cr17MBRENI
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slitting surface roughness values increase withdg@ease of the first, and the pressure of 0.8 diReng surface
quality is the best.
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