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Abstract—the recent up gradation of newer and high 

strength materials have made the machining task in fiber 

laser cutting is quite challenging. Thus for the optimum use 

of all the resources it is essential to make the required 

mechanical properties, accuracy and quality. This paper 

reviews the various notable works in field of Fiber Laser 

Cutting and magnifies on effect of machining parameters on 

strength, kerf width and surface roughness. 

Key words: Stainless Steel-304, Strength, surface roughness, 

kerf width, DOE, genera tic algorithm. 

I. INTRODUCTION 

The first laser was invented in 1960. It was an optical 

pumped laser using a ruby crystal as gain medium. Since 

then the technology have been in constant development. In 

1967 laser cutting was demonstrated for the first time. This 

was done using a focused CO2 laser and an assist gas jet. 

(Wandera, 2010) It wasn’t until 1978 that the first flatbed 

laser cutting machine was introduced for commercial use. 

This machine was actually a punch/laser cutting machine, 

where the cutting head was a stationary unit and the work 

piece could be moved in the x-y directions using numerical 

controls. The year after (1979) Trump (German laser 

machine manufacturer) introduced a 500-700 W CO2 laser 

cutting machine (Trumpf, 2012). 

The increasing laser beam quality and laser power 

is of high interest for the manufacturing industry, since these 

factors are highly influencing the obtainable quality of the 

work piece and allowable material thickness. 

II. WORKING PRINCIPLE OF FIBER LASER CUTTING 

An almost parallel laser beam, which is usually invisible, is 

generated in the laser source and directed to the cutting head 

by mirrors, where it is concentrated (focused) by a lens to a 

small spot (Fig. 1). Depending on the process, t h e spot is 

placed on t h e surf ace of t h e work piece or on the material 

to be cut. 

The intense light beam quickly heats up the work 

piece and melts the material. The assist gas (also called: 

cutting gas) is applied to protect and cool the focusing lens 

and to remove the molten metal from the cut kerf at the 

same time. There are two cutting processes, depending on 

the type of assist gas used. 

When cutting with oxy g en, the material is burned 

and vaporized after being heated up to ignition temperature 

by the laser beam. The reaction between t h e oxygen and t h 

e metal actual y creates additional energy in the form of 

heat, which supports the cutting process. These exothermic 

reactions are the reason why oxygen enables penetration of 

thick and reflective material s w h en it is used as a cutting 

gas. 

 
Fig. 1: Principles of a laser cutting system (schematic) 

When cutting with non-reactive (inert) gases such as 

nitrogen or argon, the material is melted solely by the laser 

power and blown out of  the cut kerf by the e  kinetic energy 

of the  gas jet. As non-reactive   gases do not react with t h e 

molten metal l, and no additional heat is generated, the laser 

power required is usually much higher than in Oxygen 

cutting of the same thickness. Cutting with nonreactive 

gases is often referred to as clean cutting or high pressure 

cutting. 

III. LITERATURE REVIEW 

B.Adelmann, R. Hellmann [1] reveals that the position of 

the focus has the highest influence on the strength from the 

results of the optimization by design of experiments. The 

position of the focus has the most important influence on the 

strength and the velocity has almost no influence in the 

analyzed interval. To measure the flexural strength, a 3-

point bending test machine (Thuemler) is used. 

B.S.Yilbas, S.S.Ahktar, C.Chatwin[2] reveals It is 

found that the high conductivity of bronze increases the 

cooling rates within the cutting section, which influences the 

thermal stress field in the cutting region. Laser hole cutting 

in bronze is carried out and the thermal stress formed in the 

cutting section is examined using a finite element code. The 

cut geometry and microstructural changes in the cutting 

section are examined using optical microscope, scanning 

electron microscope (SEM), and energy dispersive 

spectroscopy (EDS). 

The maximum residual stress is in the order of 200 

MPa, which is almost uniformly distributed along the hole 
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edges. The high residual stress region extends almost 0.0025 

m along the hole circumference in the substrate material. 

A.G.Malikov, A.M.Orishich, V.B.Shulyatyev [3] 

reveals Surface roughness dependence on the cutting 

parameters has been investigated experimentally for the 

laser-oxygen cutting. 

Two conditions for minimum surface roughness 

have been established: (i) the laser energy per unit material 

volume removed should be constant ;(ii) the laser power per 

unit thickness of cut sheet should be constant. The kerf 

width and sheet thickness ratio have been determined 

experimentally. 

Cihan Karatas, Omer Keles, Ibrahim Uslan, Yusuf 

Usta [4] reveals that beam waist position has significant 

effect on the kerfs size and as the work piece thickness 

reduces. The relative location of beam waist position varies 

for the minimum kerf width. The micro cracks are found in 

the resolidified material at the cutting surface, which is due 

to non-uniform and rapid cooling of the resolidified material 

at the surface. The measurements are composed with the 

experimental findings. SEM and optical microscopy are 

conducted to examine the cutting surfaces. The minimum 

kerf width is obtained when focus setting becomes similar to 

the nominal focal length of the focusing lens particularly for 

thin work pieces. 

Avanish Kumar Dubey, Vinod Yadava [5] reveals 

the quality of laser cut kerfs mainly depends on appropriate 

selection of process parameters. 

Assist gas pressure and pulse frequency 

significantly affect the kerf quality in the operating range of 

process parameters. 

The multi-objective optimization of kerf quality 

such as kerf deviation and kerf width using Taguchi quality 

loss function has been done for pulsed laser cutting of thin 

sheet of aluminum alloy. 

B.S. Yilbas [6] found that laser output power and 

oxygen gas pressure have significant effect on the 

percentage of kerf width variation.  

A factorial analysis is carried out to identify the 

main effects and interactions of the parameters. Thermal 

efficiency of cutting and liquid layer thickness is 

formulated. Optical microscopy and scanning electron 

microscopy (SEM) are carried out to examine the cutting 

defects and the kerf size variation. 

IV. CONCLUSION 

There are different operating parameters which affect 

different mechanical properties of the material to be cut and 

also quality of the cutting. These parameters are operating 

power, cutting speed, assist gas type, and assist gas pressure, 

focal point, stand-off distance and also material specific 

properties. 

V. FUTURE SCOPE 

For researchers there is wide scope for analyzing and 

developing new optimum parameters for different size and 

different materials. . Also many different work piece 

materials that can be used for research are in metal Carbon 

Steel, Stainless Steel, Alloy Steel, Aluminum Alloys, 

Copper Alloys, and Titanium and also plastics (Polymers), 

Composites, Rubber, Wood,   Glass, and Stone & Rock. 
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