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ABSTRACT: Exploratory research is applied in research programs and in knowing the capabilities of a technological system. An 

experimental program for laser cutting of glass fibre epoxy sheets is presented. Mathematical modeling aims to identify variation 

trends. Classical experimental series are used. The mathematical model is built using regression functions. The variation parameters 

are correlated with physical quantities directly measured on the processed object. The technological process is characterized by 

calculated functions. Their variation forms a specific patent for the processing process. It has been shown that the productivity of the 

laser cutting process increases with the cutting speed. 
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1. INTRODUCTION  

The development of composite materials involves 

studies on their mechanical properties. An important 

problem is their damage during thermal processing 

such as laser cutting. 

 

Figure 1 Plate with the cuts made 

Composite materials are materials formed in 

matrices, their physical, especially mechanical, 

properties depend on their formation process. The 

formation of composite materials is presented in the 

papers [11], [12], [13]. Experimental research in laser 

cutting aims to study the realization of the process and 

the cut surfaces. The cutting process applied to metals 

was presented in the following recent studies 

[7],[8],[9].However, there is also an interest in cutting 

composite materials [10] [14] [15]. Experimental 

research is accompanied by mathematical (or 

empirical) modeling with the aim of knowing the 

process based on the correlation between input 

parameters (influence factors) and output parameters 

(objective functions). 

The purpose of experimental research is to conduct 

practical applications or to confirm analytical models. 

Within the experimental research programs, 

exploratory research is constituted as a distinct part. 

It is justified in the case of processing composite 

materials where the mechanical and thermal behavior 

of the material in the processing process is difficult to 

predict through theoretical models. 

Exploratory research is part of a research program. It 

aims to establish the variation trends of the variation 

parameters (influence factors) on the measured values 

(objective functions). Exploratory research aims to 

reproduce the functioning of the technological system 

at some values prescribed by the manufacturer. The 

main characteristic of exploratory research is the 

extended experimental field in which the differences 

between the minimum and maximum value of a 

parameter are large. 

In the exploratory research, the objective is neither 

the realization of the process nor the qualitative 

aspects of the processed pieces. It is desired to 

identify the values of the parameters for which the 

processing process is feasible, and the processed 

pieces have an acceptable quality. The exploratory 

research is followed by applied experimental research 

in which precise objectives of quality or behavior of 

the material in the processing process are established. 
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In this, the input parameters that have small 

influences are eliminated, they become fixed. The 

experimental range for the remaining parameters is 

also reduced. The present paper presents an 

exploratory experimental research for cutting glass 

fiber epoxy plates according to [2], [3], the processing 

of the experimental results being carried out 

following the methods presented in [1] and [6]. 

 

2. EXPERIMENTAL CONDITIONS 

The experiment consisted in the laser cutting of glass 

fiber epoxy plates. The cuts were made using a CO2 

laser technological system.The cuts made were closed 

at both ends (kerfs inside the plate) figure1. Making 

the cuts without separating the two parts allowed 

measuring the width of the cut in good conditions. For 

these, the width of the cut at the upper part of the plate 

(the part directly irradiated by the laser beam) and 

respectively the width of the cut at the lower part of 

the part were measured. These were named top cut 

width respectively bottom cut width, figure 2. 

The width of the cut provides information on the 

performance of the cutting process that is the basis for 

the calculation of other objective functions. 

The directly measured quantities are: 

Bf [mm] - the width of the cut at the top of the piece; 

Bv [mm] - the width of the cut at the bottom of the 

piece. 

Based on the directly measured quantities, two 

important study themes were defined, namely: 

- description and analysis of the characteristics of the 

cuts made; 

- description and analysis of the laser cutting process. 

For the first proposed theme, in addition to the width 

of the cut at the top and the width of the cut at the 

bottom directly measured sizes, the following sizes 

were also introduced: 

- Average cut width as arithmetic mean of the two 

measured cut widths: 
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- The angle of inclination of the walls of the cut in 

relation to the surface of the piece: 
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The introduction of these sizes considered the cross-

section through the cut in the form of a trapezoid. This 

is shown in the figure. 

 
Figure 2 Diagram of the cross-section through the cut 

For the study of the laser cutting process, values are 

introduced that consider directly measured values of 

the width of the cut at the upper part, respectively the 

lower part of the plate, but also values of the 

parameters varied in the experiment, the cutting speed 

and  laser power. These are: 

 - Productivity-represents the volume of material 

eroded in the unit of time: 
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-Volumetric energy- represents the energy consumed 

to remove the unit volume of material for a cut made 

under certain conditions: 
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Due to the way of definition, volume energy includes 

all measured and varied quantities (minus 

defocusing).This quantity is the main objective 

function of experimental research.  

The influencing factors were identified for the laser 

cutting process. 

Their action was identified relative to the two 

proposed research themes, namely the study of the 

characteristics of the cuts and the laser cutting 

process. 

Thus, the following quantities were 

considered as influencing factors: 

- v [mm/s] - cutting speed 

- P [W] - laser power 

- s[mm]- material thickness 

- δ[mm]- the defocus- the distance between 

the focal plane of the laser beam and the surface of 

the piece. 

For cutting thick materials, the laser beam is focused 

below the surface of the piece to ensure convergent 

propagation in the interaction zone. In this case, the 

defocus value is considered negative for focusing the 

laser beam into the material. 
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The experimental research organized according to the 

input (influencing factors)-output (objective 

functions) model requires, along with the definition 

of these quantities, a classification of them. 

In the following, such a classification is presented. 

For the varied influencing factors in the experiments, 

we have the following classification of them: 

- influencing factors whose variation can be 

achieved continuously using the controls of the 

laser technological system (cutting speed, laser 

power). 

- influencing factors whose variation is discrete 

and independent of the laser technological system 

(material thickness). 

- influencing factors whose values is conditioned 

by other influencing factors (defocusing) 

For the objective functions, the classification has the 

following view along with the classification and the 

association made upon their introduction: 

-objective functions that partially characterize the 

results of the processing process (top cut width, 

bottom cut width, average cut width, the angle of 

inclination of the walls of the cut, productivity); 

-objective functions that fully characterize the 

processing process (volumetric energy); 

A problem independent of the structuring of 

experimental research according to an input-output 

model is the evaluation of the irradiation conditions 

that are associated with varied factors. 

For continuous irradiation, these factors have a 

relatively simple expression. They are characterized 

by the following sizes: 

- linear energy - the ratio between power and cutting 

speed – is energy transmitted per unit length of the 

irradiated material. 

v

P
El = [J/mm]                                            (5) 

- duration of interaction between laser radiation and 

material 

v

D
ti =  [s]                                                   (6) 

(D- diameter of the laser beam in the focal spot) 

- the intensity of the laser beam in the focal spot 
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The quantities that characterize the irradiation 

conditions consider the power and the cutting speed 

as influencing factors (to which is added the diameter 

of the laser beam in the focal spot, a quantity that was 

not varied) which are independent of the thickness of 

the material. 

Another way of expressing the duration of interaction 

and the intensity of the laser beam is relative to the 

surface of the piece. In this case defocusing produces 

effects through: 

- increasing the spot of the laser beam on the surface 

of the part - increasing the interaction time between 

the material laser radiation; 

- decrease in the intensity of the laser beam at the 

surface of the piece. 

These effects (which to some extent offset each other) 

were considered to have little effect on the cutting 

process and the on cut. 

Along with the direct effect of the influencing factors, 

knowing the quantities that express the irradiation 

conditions has an important role in understanding the 

experimental results. 

 

3. EXPERIMENTAL RESULTS 

In the following, the variation of the cut width will be 

analyzed for the classic experimental series with the 

cutting power and speed. For the tests carried out on 

plates 3 (thickness 2 mm) and 5 (thickness 4.3 mm) 

the variations with linear energy (the ratio between 

power and cutting speed) are presented because the 

variations with power and cutting speed as classic 

experimental series contained a small number of 

experimental points (3 points) to be used as 

regression functions. 

Modeling with regression functions was also the main 

objective in the analysis of these variations. 

Analysis of the variation of the cut width 

 

a) Typical variations for thin plate 

Figure 3 shows that the width of the cut increases 

linearly with laser power. Important differences 

between the width of the cut at the bottom and at the 

top of the part are obtained both at low powers and at 

high powers. 

The differences are greater at low powers. It is 

observed that as the power increases, the thermal 

effects inside the material are favored, which lead to 

an increase the width of the cut at the lower part of 

the cut. 

At the top of the cut the surface focus creates the 

conditions for the width of the cut to grow indefinitely 

while the width of the cut at the bottom stabilizes. 

Although there is a linear increase in average width 

with power, neither top nor bottom width follows this 

pattern. 
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Series 1

Series 2

Series 3

f(x)=6.2003968E-05*x^2-0.017936508*x+1.8964762; R²=0.9749

f(x)=-6.5448633E-05*x^2+0.023647487*x-1.5049841; R²=0.8956

f(x)=0.0023263889*x+0.23566667; R²=0.9102
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Figure 3 Variation of the width of the cut with the 

power, at the cutting speed 3.33 mm/s 

(thickness 1.5mm, defocus 0= ) 

Figure 4 shows that the width of the cut decreases 

linearly with the cutting speed for the thin plate.  

Series 1

Series 2

Series 3

f(x)=0.032867046*x^2-0.2576017*x+1.0660779; R²=0.9673

f(x)=-0.012174441*x^2+0.040489268*x+0.49056854; R²=0.8878

f(x)=-0.039536034*x+0.66681314; R²=0.9537
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Figure 4 Variation of cut width with cutting speed at 

153W power ( thickness 1.5mm, defocus 0= ) 

Series 1

Series 2

Series 3

f(x)=-2.7908165E-07*x^3+0.00017682613*x^2-0.037287809*x+3.7109136; R²=0.4167

f(x)=-1.9535715E-06*x^3+0.0011964469*x^2-0.24216545*x+16.878395; R²=0.8539

f(x)=-1.1163266E-06*x^3+0.00068663654*x^2-0.13972663*x+10.294654; R²=0.7256
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Figure 5 Variation of cut width with power at 

cutting speed 1.67mm/s (thickness 4.6 mm, defocus

mm2−= ) 

Both the width at the top and the width at the bottom 

have a quadratic decrease. At high cutting speeds the 

width of the cut at the top increases and the width of 

the cut at the bottom decreases. 

For the cuts made on the thin plate, it is observed that 

the values of the width of the cut at the top and at the 

bottom are relatively close. 

b) Typical variations for thick plate 

Figure 5 for the thick plate and focusing the laser 

beam inside the piece shows that there is no variation 

of the cut width with the power. 

The cuts are wider than in the case of thin plate and 

the variation between the values of the width of the 

cut at the top and at the bottom is greater. 

Series 1

Series 2

Series 3

f(x)=-0.03115727*x+1.177908; R²=0.7963

f(x)=1.1826908*0.72403672^x; R²=0.9582

f(x)=1.1533355*0.86838217^x; R²=0.9603
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Figure 6 Variation of cut width with speed at 211.2W 

power (thickness 4.6 mm, defocus mm2−= ) 

Figure 6 shows that for the thick plate there is a linear 

decrease in the width of the cut with the speed. This 

is more pronounced for the width of the cut at the 

bottom of the piece. In all cases analyzed, wider cuts 

were obtained at the top than at the bottom of kerfs. 

The width of the cut can be compared to the laser 

beam diameter of 0.2 mm. 
Analysis of the calculated sizes 

The calculated sizes characterize much better the 

conditions in which the processing takes place.  

Series 1

Series 2

Series 3

Series 4

f(x)=0.13152778*x+31.257333; R²=0.7909

f(x)=0.31805556*x+40.806667; R²=0.8762

f(x)=0.13416667*x-6.308; R²=0.7839

f(x)=0.14069444*x+1.3613333; R²=0.9829
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Figure 7 Variation of volumetric energy with power 
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Figure 7 shows the variation of volumetric energy 

with power. It is observed that there is an increase in 

volumetric energy with power. This means that the 

material removal process becomes energetically more 

expensive and with the increase in power, the thermal 

effects that do not remove the material, the thermally 

affected zone, increase. 

On the other hand, each thickness of the material is 

associated with a certain level of volumetric energy, 

the variation with power being little significant. 

Thin plates require higher volume energy than thick 

ones. For each of the two categories there is a 

decrease in volume energy level with power. 

Figure 8 shows the variation of volumetric energy 

with cutting speed. In all cases studied it is shown that 

there is a linear or logarithmic decrease. 

This shows that increasing the cutting speed leads to 

an efficiency of the cutting process associated with 

the reduction of thermal damage to the material. 
 

Series 1

Series 2

Series 3

Series 4

f(x)=-44.473817*ln(x)+111.66351; R²=0.9956

f(x)=-110.16803*ln(x)+138.37239; R²=0.9462

f(x)=-15.331714*ln(x)+39.803667; R²=0.9988

f(x)=-27.945605*ln(x)+46.322543; R²=0.9786
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Figure 8 Variation of volumetric energy with cutting 

speed 

Figure 9 shows the variation of productivity with 

power. It is observed that each thickness of the 

material is associated with a level of productivity. 

There is a tendency for productivity to increase with 

power, but it is not significant in the experimental 

field. Higher productivity is for thicker plates. 

Figure 10 shows the variation of productivity with 

cutting speed. It is observed that there is a linear 

increase in productivity with cutting speed. 

This shows a more efficient cutting process. Both the 

level and the slope of the regression line are higher 

for thicker plates than for thinner ones. 

The variation of volumetric energy and productivity 

presents a specific patent for the laser cutting process. 

Thus, the processing process carried out can be 

compared with other experimental studies. 
 

Series 1

Series 2

Series 3

Series 4

f(x)=0.011458333*x+1.22; R²=0.9292

f(x)=0.0052083333*x+0.9; R²=0.8654

f(x)=-0.0014639826*x^2+0.6083168*x-52.917778; R²=0.7835

f(x)=-0.00015500992*x^2+0.066517857*x-0.27; R²=0.4179
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Figure 9 Variation of productivity with power 

 

Series 1

Series 2

Series 3

Series 4

f(x)=0.5876061*x+0.70092126; R²=0.9974

f(x)=1.3789594*x-0.22734628; R²=0.9981

f(x)=2.1707152*x+2.7028357; R²=0.996

f(x)=3.2623697*x+1.364892; R²=0.994
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Figure 10 Variation of productivity with cutting speed 

 

3.  INTERPRETATION OF EXPERIMENTAL 

RESULTS 

The work analyzes quantitatively the objective 

functions that were considered for the main research 

topic. Their analysis takes into account the following 

issues related to obtaining favorable conditions for 

carrying out the processing process. For the cut width 

(denoted by B[mm] and specified as top cut width 

Bf[mm], bottom cut width Bv[mm] and average cut 

width Bm[mm]) it is recommended that its values not 

be excessively high because they are associated with 

considerable thermally affected areas in the material. 

The small difference between the values of the width 

of the cut at the top and those at the bottom of kerf 

leads to obtaining straight cuts. Cuts with a small 

inclination are associated with U angle values as close 

as possible to 90o.The minimum values for the width 

of the cut mean the reduction of material 

consumption, but a narrow cut also means favoring 

the situation where the material cannot be removed 

from the cut. Therefore, obtaining minimum values 

for the width of the cut cannot be imposed as an 

objective. For the productivity Pr[mm3/s], the highest 
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possible values are desired. These mean efficient use 

of the energy delivered to the piece when removing 

material. For the volumetric energy Ev, from its 

definition it is found that it is directly proportional to 

the power and inversely proportional to the 

productivity. Thus, for this objective function, the 

minimum values will show the best conditions for 

performing the cutting process.  

 

4. CONCLUSIONS 

The paper studies the problems related to the 

experimental modeling applied to the technological 

processes of materials processing. This represents an 

exploratory research for laser cutting of composite 

material with the objective of achieving and 

managing the cutting process by making straight cuts. 

As a result of the experiments, it is obtained that the 

cutting speed and the thickness of the material are the 

main factors of influence. The power level needs to 

be associated with the thickness of the material. Thus, 

for future research, the association between material 

thickness and power can be considered a single 

influencing factor. A similar example is the 

association between defocus and piece thickness. The 

linear increase in productivity with cutting speed 

shows that there is an opportunity to optimize the 

process by increasing the cutting speed. It is shown 

that the definition of objective functions with 

technological significance is much more useful than 

the analysis of directly measured quantities. 

 

5. REFERENCES  

1. Alexandru Nichici, Eugen Cicală, Robert Mee, 

Prelucrarea datelor experimentale, Universitatea 

Politehnica Timişoara 1996. 

2. Mînzat C.  Stadiul actual al prelucrărilor cu fascicul 

laser a materialelor nemetalice , Referat de doctorat 

nr.1, Universitatea „Politehnica” Timişoara 2006 

3. Mînzat C. Principii şi tehnici de optimizare a 

sistemelor  tehnologice laser  Referat de doctorat nr.2, 

Universitatea „Politehnica” Timişoara 2007 

4. K.Huehnlein, K. Tschirpke, R. Hellmann - 

Optimization of laser cutting processes using design 

of experiments,  Physics Procedia 5 (2010) 243–252. 

5. A.A. Cenna, P. Mathew Analysis and prediction of 

laser cutting parameters of fibre reinforced plastics 

(FRP) composite materials, International Journal of 

Machine Tools & Manufacture 42 pp.105–113(2002) 

6. Eugen Florin Cicală, Metoda experimentelor 

factoriale, Editura Politehnica din Timişoara (2005). 

7. Hanjin Jo, Sion Kim, Geonhui Lee, Heesu Lee, 

Sungyoon Lee, Duckbong Seo, Hong Jin Kong, 

Kyung Hee Hong, Tae Jun Yu Laser and oxygen 

hybrid coaxial cutting method for thick clad plates 

made of heterogeneous metals, Optics and Lasers in 

Engineering 175, 108039 (2024) 

8. L.M. Jones A. Winter, L. Tinkler , G.W. Jewell , H. 

Ghadbeigi  Influence of Remote Laser Cutting on 

Magnetic Loss and Mechanical Properties in 0.2mm 

Silicon Steel, Journal of Magnetism and Magnetic 

Materials 607, 172400  (2024)  

9. Caterina Angeloni, Erica Liverani , Alessandro 

Ascari, Alessandro Fortunato Characterization and 

process optimization of remote laser cutting of current 

collectors for battery electrode production, Journal of 

Materials Processing Tech. 324,118266 (2024)  

10. I.M.R. Najjar , A.M. Sadoun , Mohamed Abd Elaziz , 

A.W. Abdallah ,A. Fathy , Ammar H. Elsheikh  

Predicting kerf quality characteristics in laser cutting 

of basalt fibers reinforced polymer composites using 

neural network and chimp optimization, Alexandria 

Engineering Journal 61, pp.11005–11018(2022) 

11. Md Tanzim Rafat, Tanjim Zahin Shuchi , Faizur 

Rahman Evan, Md Anisur Rahman Mechanical and 

absorption properties of carbon-basalt and glass fiber 

reinforced composites: A comprehensive study with 

implications for advanced manufacturing technology 

Results in Materials 23, 100615(2024) 

12. Bnar Hiwa, Yassin Mustafa Ahmed, Sarkawt Rostam 

Evaluation of tensile properties of Meriz fiber 

reinforced epoxy composites using Taguchi method, 

Results in Engineering 18, 101037(2023) 

13. Philipp Bauer, Nicole Motsch-Eichmann, Sebastian 

Schmeer, Konstantin Mehl, Ingolf Müller, Joachim 

Hausmann Hybrid Thermoset-Thermoplastic 

Structures: An in-depth study on plasma pretreated 

continuous fiber-reinforced epoxy specimens 

Composites Part C: Open Access 8 100281, (2022) 

14. C. Leone, R. Porcaro, G. Campana, S. Genna Laser 

cutting of basalt fibre reinforced polymers by QCW 

fiber laser: Interaction mechanisms and effect of laser 

parameters,  Composites: Part A 175, 107800, (2023) 

15. Norbert Geier , Jinyang Xu , D´aniel Istv´an Po´or, Jan 

Hendrik Dege, J Paulo Davim  A review on advanced 

cutting tools and technologies for edge trimming of 

carbon fibre reinforced polymer (CFRP) 

composites,Composites Part B 266, 111037(2023) 
 

 


