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Abstract: The aim of this resesrch is to present a correlations 

between different cutting Parameters such as, cutting speed , 

laser power and oxygen gas pressure. An investigation to define 

the minimum power for a Particular speed is carefully made . 

The present results may extend the existing view that Co2 laser 

is an excellent cutting tool.   

1. Introduction : In recent years there have been many 

advances in the field of laser cutting. It is an attractive field for 

industry due to its many advantages over the other heat sources 

such as, plasma torch and electron beam. During 1968-1970 a 

major step was made towards using the carbon dioxide laser in 

metal cutting , Particularly with the group of metals which 

reacts exothermally with oxygen. This achievement was 

characterized by the introduction of the gas – assisted method 

by Hould croft (1). In the following years many workers (1-12) 

reported a wide range of available results  directly applicable 

to the laser gas jet method. Optimum Conditions such as 

minimum power and maximum speed for definite thickness 

needed to be studied to give accurate assessment for both cost 
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and cut efficiency which are required by industry . Therefore 

investigation of wide range of Parameters covering the Process 

of cutting using  Carbon dioxide laser is described and 

discussed. The investigation includes  a study of the main 

Parameters Known to influence the cutting process such as 

Power , speed and pressure.  

2.The parameters of cutting process: 

A graphical relationship between parameters mentioned 

above are produced . This relationship may help in 

understanding the cut process and can be considered another 

step toward supporting the idea of using the laser beam as an 

efficient thermal energy source . The main parameters are:  

a) Power: The maximum power available is about 500w.  

b) Cutting speed : The maximum speed is 33.334 mm /sec . 

cutting speed is expressed as a percentage throughout these 

calculations , viz 5% , 25%....... u% Table (1) shows the true 

speed related  to maximum speed .  

 

Table (1) 

U% Uin mm /s  

05 1.667 

25 8.335 

50 16.667 

75 25.005 

100 33.334 
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   c)Pressure : The maximum pressure that could  be applied 

was 40 psi . The range of pressures used was (5-40) psi 

whish is the range used in industrial laser cutting.  

    d) metal: The metal used was mild steel sheet ( grade CR4) 

with thicknesses of 1.68, 2.0 and 2.5 mm.  

       The above main parameters were selected due to their direct 

linear influence on the process. 

 It is necessary to point out that the laser was focused on the 

metal's surface in this work, and laser cutting head showing 

laser beam path is shown in figure (1) as mentioned in (11) .  

3- Results and Discussion  

   a) Relationship between laser power and laser cutting    

      speed (10). 

     The Variation of minimum laser power with cutting speed for 

different pressures and for given thickness (1.68mm) of mild 

steel is shown in figure (2). It is evident that the minimum 

power for certain thickness and pressure is proportional to the 

cutting speed (2) .The minimum power may be called the 

threshold power , below which a complete cut is not possible. 

When the cutting speed increases , the interaction time 

decreases . As the interaction time becomes shorter, less laser 

power is available to strike the irradiated area, also less 

exothermic energy is produced since less oxygen gas reacts 

with the metal . Therefore a thinner molten lager is created.  
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     As the cutting speed increases the thickness  of the molten 

layer becomes thinner and complete cutting may stop . To cut 

the  same thickness with higher speed ,the laser power 

required should be increased at same oxygen  gas pressure .  

     Similar trends are shown to figure (2) during cutting thicker 

samples as shown in figures (3) and (4) . 

Houldcroft (1) reported that the cutting speed increases out of 

proportion to laser power which is in a similar way to the 

present work and shown in his table (2) given below:  

Thickness (mm) Laser power (w) Cutting speed mm/s 

0.76 250 23.0 

0.76 190 07.2 

1.52 250 07.2 

 

     Gonsalves  and Duley (4) showed  that the variation of the 

critical cutting speed is proportional to power for variour 

sheet thicknesses.  

      However ,figure (2) shows a major role for oxygen gas 

pressure on laser power employment on particular cutting 

speed. Explaining oxygen gas pressure is mentioned next 

section.  

       b) Relationship between gas pressure , and both laser 

power and cutting speed (10) :   

Figure (2) shows that the minimum laser power required to 

complete the cutting process is inversely Proportional to the 
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gas assisting pressure while cutting speed is  Proportional to 

the gas pressure . This can be explained  as follows ,  during 

cutting mild steel by Co2 laser , oxygen gas pressure has 

three functions . 

i)It produces condition of the heated surface which in turn 

increases the absorption of the beam.  

ii) The oxygen then oxidizes the heated metal , and the heat 

of the reaction , which is usually exothermic , greatly 

enhances the cutting action and helps to keep the oxide 

molten . In other words , the gas jet generated an additional 

thermal   energy during oxidization of steel . This thermal 

energy enhances the cutting speed . 

iii)The molten oxide is removed from the cutting zone by 

the momentum of the oxygen jet or by shear force to the 

gas- liquid boundary to inject the molten metal formed 

during the cutting process (7 ,8 ) . The momentum of the 

gas increases as the gas pressure increases . In fact the 

variation of the jet momentum is significant cant not  only 

in relation to the removed of the molten fluid from the 

cutting curve but also because of its effect on the heat 

transfer to the bulk of the both liquid metal and the rest of 

the work piece . 

For a particular cutting speed , increasing gas pressure  

decreases the liquid layer thickness the  pressure of the 

liquid layer at cut front is considered a big problem . The 
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heat conduction in the direction of the cut depends on the 

molten layer thickness. The heat conduction of mild steel 

liquid is poorer than that of the solid . Therefore the 

thickness should be  reduced to a minimum , in order to 

ensure sufficient heat is conducted in the cutting direction.  

As a result less laser power is needed to keep the cutting 

process going at the same speed. Conversely , if the jet 

momentum is not high enough , the molten layer builds up 

and may becomes thick enough to reduce heat conduction in 

the cutting direction . The cutting process may finally stop 

unless  cutting speed decreases or the laser power increases . 

when cutting speed decreases the interaction time increases 

and more energy is expected to be absorbed and conducted 

in the cut direction . As the pressure increases the chemical 

reaction between oxygen and metal becomes stronger . The 

chemical reaction plays a major role in the cutting action by 

contributing additional energy due to the exothermic 

reaction . If more exothermic energy is produced at a given 

speed less laser power is required to cut the same thickness. 

Thicker samples show similarity to that shown in Figure(2) 

as can be seen in Figures (3 and 4 ) .Olsen (6) studied the 

effect of the gas pressure on the cutting process and reached 

the conclusion that it is possible to increase the cutting 

speed by increasing gas pressure .   In addition , the same 

author stated that increase of the cut speed due to higher   
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pressure seems to be more effective  than using higher   

power . Dulry and Gonsalves (5) express the opinion that 

increasing the gas pressure would increase the cutting speed 

up to a maximum after which further increase in gas 

pressure causes a fall in cutting speed.  

The author attributed the lowering of cutting speed at high 

pressure to the cooling effect of the high gas pressure and 

presence of the shock waves in the jet. Due to the shock 

wave the density across the gas jet is not the same which 

affects the exothermic energy produced. Figures (2,3  and 4) 

show no sign of cooling affect at all . 

3) Conclusion As far as  the laser power enough and the metal 

is capable of absorbing the required energy , the maximum 

cut speed can be increased unless the gas pressure acts as a 

cooler rather than an energy supplier. 

In general, the oxygen gas pressure played a major role in 

decreasing laser power but increasing cutting speed which is 

very important for production cost . However , 

interdependency between basic laser cutting speed 

parameters mentioned in this research could be summarized  

in table (3)  : 
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Co2laser power Cutting speed 
Oxygen gas 

Pressure 

Thickness 

( mild steel) 

Increasing Increasing Constant Constant 

Constant  Increasing Increasing Constant 

Decreasing Constant Increasing Constant 

Increasing  Constant 
 Constant 

Increasing 
Increasing 

 

Table (3) 

 : خلاصة البحث
 

الهدد من دداناددحانالدرددةنقنع الددلان بددلنال ددني نودددنلاددا نوددوترنا   ددا نال ددو  ن ن    ددان
الدرددةنى ددجنا عددوعنىا ددلان دوادد انودداانااددثنالفنا دديناللددعو ان ددرنىل  ددلانال بددلناددح نقن

اضو لانالجنضغطنالغددو"نغنزددو"ناي   ددعاانغن اددةنننق خوصلانال  ىلان ال   انال اا يلانن
بولغددونى ددجنىنا ددينال بددلناىددا نقن لددوناىبددةنال  الددلاناال ددلانناظهدد ناي   ددعااناودد ا

ن  ىلان بلن فانلان.ل لكان نظ  هوننن ي ت وبنا ين   ن
تأ ددينا ن  ددهثناددح نال  الددلان ددرن ألادد ناال ددلانلاددا نوددوترنا   ددا نال ددو  ن ن ددرنىل  ددلان
 بلناللفوع ن خوصلانال ني ن  دد انا كوت ددلانالتنلددلنوهددونيزدد اجنالت ننلنة ددونالر   ددلان

ن.نن
ن
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