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Abstract. This paper presents a study of Laser Assisted Machining (LAM) when turning the 
AlSi9Mg alloy reinforced with 20 vol.% particles of SiC. Due to hard ceramic reinforcing, 
components are difficult to machine using conventional manufacturing processes. The applied 
LAM process was used to heat the cutting zone. The aluminum matrix becomes softer and easer in 
plastic deformation, which leads to the reduction of pushing force of the SiC particles on the 
clearance face of a cutting tool, with is the reason of its wear. This research was carried out for 
tungsten carbide inserts. The results obtained with the laser assisted machining were compared 
with results obtained in conventional turning. 
Introduction 
The reinforcement of metallic alloys with ceramic particles has generated a new family of 
material called metal matrix composites (MMCs). Aluminium, titanium and magnesium alloy are 
used as matrix elements, while silicon carbide (SiC) and alumina (Al203) are popular 
reinforcements.  

The commonly used lightweight materials, e.g. aluminum alloy composites are still of great 
interest in the field of automotive, aerospace, electronics and medical industries [1-4]. They have 
outstanding properties like high specific strength, low weight, high modules, low ductility, high 
wear resistance and high thermal conductivity. As a consequence of the applications of metal 
matrix composites (MMCs), the machining process has become a very important subject for 
investigation. The reinforcing materials are characterized by harder and stiffer features than the 
matrix. This material belongs to the group which is difficult to machine, like tungsten carbide 
[5], hardened steel [6], Waspaloy [7] or Inconel 718 [8, 9] and therefore machining is much more 
difficult in comparison with conventional materials like steel [10]. However, due to hard ceramic 
reinforcing components in MMC, they are difficult to machine using conventional manufacturing 
processes due to heavy tool wear. As a consequence, hybrids machining processes, e.g. electro 
discharge machining (EDM), laser [4], numerical method [11-13] and other techniques [14-16], 
are becoming more popular for the MMC machining. The most LAM hot processes still require 
further investigations to get all optimum parameters.  

The work reported here investigated the effectiveness of laser assisted machining process to 
machine MMC. A different defocus of laser beam was used to heated the cutting zone. The laser 
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irradiation makes the aluminum matrix softer and easer in plastic deformation, which leads to the 
reduction of pushing force of the SiC particles on the primary flank face of the cutting tool. This 
phenomenon is the main reason of increasing tool wear. 

The collected results and observations on composite materials and their laser processing may 
be interesting in the context of similar technological processes, e.g. production of 
nanocomposites [17] or protective coatings by ESD with subsequent laser machining [18, 19], 
which is of great importance in the case of hydraulic seals of heavy machines [20] . This work 
can also inspire the further development of experimental data analysis, such as DOE [21] and 
image analysis [22]. 
Experimental details  
Composite AlSi9Mg (aluminum with 9.2% silicon, 0.6% magnesium, 0.1% iron), reinforced 
with silicon carbide particles, was the material selected for this study. The SiC particles in the 
machined composite workpieces were about 20% in volume and about 8-15 µm in diameter. The 
workpieces had a cylindrical shape of 25 mm length and 38 mm in diameter. The workpieces 
were painted by absorptive coating each time to increase laser absorption. 

Investigation on the wear of SNMG 120408 MS Kennametal tool in the machining of MMC 
was carried out by turning. The tool was a commercially available physical vapor deposition 
(PVD) TiCN coated KC5510 tungsten carbide inserts with a fine-grain substrate, with rake angle 
of 5o, clearance angle of 5o, cutting edge angle of 75o, minor cutting edge angle of 15o, nose 
radius of 0.8 and cutting edge inclination angle of 6o. 

Laser assisted machining was carried out with a 2.6 kW continuous wave (CW) CO2 laser 
(2.6kW Trumpf, type TLF2600t). After each trial, the machined surface roughness was measured 
using a Hommel T1000 profilometer with a diamond stylus type instrument set to a 0,8 mm cut-
off length and a tracing length of 4.8 mm. Three readings were taken at random points on the 
machined surface and averaged after each test. Tool wear was measured on the primary flank 
face by an optical microscope. The measurements of tool wear (VBc) and machined surface 
roughness (Ra) were carried out at regular intervals during a 44 s machining period. 

 

 

 

 
Figure 1. Scheme of the experimental set-up. 

Designations: A - heating area by laser 
beam, 

B – zone of machining, θ0, θ3 - areas of 
temperature measurement, Dw- workpiece 

diameter. 
 

Figure 1 shows the scheme of a laser assisted machining set-up used during the present study. 
Surface temperatures were measured with a two RAYTEK pyrometers (model:MA2SC and 

S5XLT). One of these measured temperatures in A area (Fig.1) and the second in B area (Fig.1) at 
the same time. Emission was set in the software to the value of ε = 0.3 based upon primarily made 

calibration tests. 
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The constant parameters were the following: cutting speed (vc = 107 m/min), depth of 
cut (ap = 0.1 mm), feed (f = 0.04 mm/rev), emissivity (ε = 0.3), cutting time (t = 0.73min) and 
workpiece diameter (dw = 38mm). Several others parameters were the following variables: laser 
power (P = 0.26÷2.34 kW), laser beam diameter (dl  = 2÷4mm). 
Results and discussions 
In Figure 2 the effect of laser power on the temperatures in A and B areas are shown. It was 
noticed that the temperature (θ0) in A zone (Fig.2a) insignificantly increases with the increasing 
power of laser beam. The increase of laser power more than three times causes small a increase 
of temperature to about 200ºC. In the case of the temperature (θ3) in B area (Fig.2b), increasing 
power of laser by approximately 1kW had distinct effect on increased temperature in this area. 
On the other hand, increasing power of laser beam above 1 kW practically did not change 
temperature (θ3) in B area. It can be brought out of appearance plasma in area heated by laser 
beam which in this conditions intensively absorbs the energy of laser radiation.  
       a) 

 

b) 

 
Figure 2. Comparison of measured temperatures with different power of laser beam, 

a) measured from θ0 area, b) measured from θ1 area  
Tool wear and surface finished in laser-assisted machining 
In comparison with conventional cutting, laser assisted machining increases tool wear but only 
for 2mm of laser beam diameter, which is depicted in Figure 3. It can be caused by the softening 
effect of laser heating on the aluminum matrix which reduces the pushing forces of SiC particles 
on the cutting tool. This effect was observed for severe cutting tool wear in the conventional 
machining of this composite. Figure 3 shows that 4 mm of laser beam diameter was not 
sufficient to provide suitable power of laser to soften the matrix and finally wear of wedges had 
comparable value for conventional and hot assisted machined cutting. 

Turning with laser heating improves machined surface roughness in comparison with 
conventional turning but surface quality decreases with the increase of a laser power beam. In 
low range value (to 1kW) of laser power, LAM improved surface roughness in both 2mm of 
laser beam diameter and 4mm of laser beam diameter. 

As decrease tool wear (Fig.3) as well increase surface roughness (Fig.5) during higher values 
of laser power can be explained by the fact that fusion surface causes appearance of plasma 
which intensively absorbs laser radiation. The result was that the thin layer of composites was 
heated so deeper layers of workpiece were not soft enough. 
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Abrasion of the deposited workpiece material on both primary and secondary flank faces 
results in the grooves on the flank face (Fig. 4). 

 
 

 
Figure 3. Tool wear after conventional cutting and laser-assisted hot cutting of AlSi9Mg+20% 

SiC MMC with diference laser beam diameter  
                 a)                                                        b)  

   
Figure 4. The images of KC5510 inserts after: a) conventional turning,  b) with laser assisted 

machining. Parameters: vc = 107m/min, f = 0,04mm/rev, ap = 0,1mm, ts = 0,73min 

 
Figure 5. Comparison of machined surface roughness between conventional and LAM turning 

  

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9
VBc [mm]

0 520 780 1040 1300 1820 2340 P [W]

AlSi9Mg + 20% SiC

D w = 38mm, f =0.04mm/rev, v c =107m/min, a p = 0.1mm

d l =4mmd l =2mm

0
0,2
0,4
0,6
0,8

1
1,2
1,4
1,6
1,8

2
2,2
2,4

Ra [μm]

0 520 780 1040 1300 1820 2340 P [W]

AlSi9Mg + 20% SiC

D w = 38mm, f =0.04mm/rev, 
v c =107m/min, a p = 0.1mm

d l =4mm

d l =2mm



Terotechnology XI  Materials Research Forum LLC 
Materials Research Proceedings 17 (2020) 114-119  https://doi.org/10.21741/9781644901038-17 

 

 

 118 

Summary and conclusions 
The results of the experiment show how laser assisted machining improved tool wear resistance 
and machined surface quality in comparison with conventional cutting. Hence, it is necessary to 
understand the whole processes during laser assisted machining for this material through 
further investigation. Conclusions derived from this study are as follows: 
1. Laser- assisted machining is a very effective method (in low range value to 1kW) of laser 

power) in the machining of SiCp/Al composite. 
2. LAM of MMC was studied to prove tool life increase by using a CO2 laser to heat spot on a 

workpiece.  
3. In the low value of laser power, the laser-assisted hot machining of SiCp/Al composite 

improves the machined surface. 
References 
[1] Y.Wang, L.J. Yang, N.J. Wang, An investigation of laser-assisted machining of Al2O3 
particle reinforced aluminium matrix composite, Journal of Materials Processing Technology 
129 (2002) 268-272. https://doi.org/10.1016/S0924-0136(02)00616-7 
[2] K. Gawdzińska, L. Chybowski, A. Bejger, S. Krile, Determination of technological 
parameters of saturated composites based on sic by means of a model liquid, Metalurgija 55 
(2016) 659-662. 
[3] K. Gawdzińska, L. Chybowski, W. Przetakiewicz, R. Laskowski, Application of FMEA in 
the Quality Estimation of Metal Matrix Composite Castings Produced by Squeeze 
Infiltration. Arch. Metall. Mater. 62 (2017) 2171-2182. https://doi.org/10.1515/amm-2017-0320 
[4] J. Hajkowski, P. Popielarski, Z. Ignaszak, Cellular Automaton Finite Element Method 
Applied for Microstructure Prediction of Aluminium Casting Treated by Laser Beam, Arch. 
Foundry Eng. 19 (2019) 111-118.  
[5] S. Wojciechowski, P. Twardowski, T. Chwalczuk, Surface roughness analysis after 
machining of direct laser deposited tungsten carbide, Journal of Physics: Conference Series 483 
(2014) art. 012018. https://doi.org/10.1088/1742-6596/483/1/012018 
[6] P. Twardowski, M. Wiciak-Pikuła, Prediction of Tool Wear using Artificial Neural 
Networks during Turning of Hardened Steel, Materials 12 (2019) art. 3091. 
https://doi.org/10.3390/ma12193091 
[7] M. Wiciak, T. Chwalczuk, A. Felusiak, Experimental Investigation and Performance 
Analysis of Ceramic Inserts in Laser Assisted Turning of Waspaloy, MATEC Web of Conf. 237 
(2018) art. 0100. https://doi.org/10.1051/matecconf/201823701003 
[8] A. Felusiak,  T. Chwalczuk,  M. Wiciak, Surface Roughness Characterization of Inconel 718 
after Laser Assisted Turning MATEC Web of Conf. 237 (2018) art. 01004. 
https://doi.org/10.1051/matecconf/201823701004 
[9] T. Chwalczuk, M. Wiciak,  A. Felusiak, P. Kieruj, An Investigation of Tool Performance in 
Interrupted Turning of Inconel 718, MATEC Web of Conf. 237 (2018) art. 02008. 
https://doi.org/10.1051/matecconf/201823702008 
[10] A. Bartkowska, A. Pertek, M. Jankowiak, K. Jóźwiak, Borided layers modyfied by 
chromium and laser treatment on C45 steel, Arch. Metall. Mater. 57 (2012) 211-214. 
https://doi.org/10.2478/v10172-012-0012-9 



Terotechnology XI  Materials Research Forum LLC 
Materials Research Proceedings 17 (2020) 114-119  https://doi.org/10.21741/9781644901038-17 

 

 

 119 

[11] Ratajczak, M. Ptak, L. Chybowski, K. Gawdzińska, R. Będziński, Material and Structural 
Modeling Aspects of Brain Tissue Deformation under Dynamic Loads. Materials 12 (2019) art. 
271. https://doi.org/10.3390/ma12020271 
[12] J. Hajkowski, P. Popielarski, R. Sika, Prediction of HPDC Casting Properties Made of Al-
Si9Cu3 Alloy, Advances In Manufacturing, Lecture Notes in Mechanical Engineering, Springer 
2018, 621-631. https://doi.org/10.1007/978-3-319-68619-6_59 
[13] Z. Ignaszak,  J.Hajkowski, P. Popielarski, Mechanical properties gradient existing in real 
castings taken into account during design of cast components, Defect and Diffusion Forum, 334-
335 (2013) 314-321. https://doi.org/10.4028/www.scientific.net/DDF.334-335.314 
[14] P. Krawiec, M. Grzelka, J. Kroczak, G, Domek, A.Kołodziej, A proposal of measurement 
methodology and assessment of manufacturing methods of nontypical cog belt pulleys, 
Measurement  132 (2019) 182-190. https://doi.org/10.1016/j.measurement.2018.09.039 
[15] P. Krawiec, A. Marlewski, Profile design of noncircular belt pulleys, Journal of Theoretical 
and Applied Mechanics 54 (2016) 561-570. https://doi.org/10.15632/jtam-pl.54.2.561 
[16] P. Krawiec, K. Waluś, Ł. Warguła, J. Adamiec, Wear evaluation of elements of V-belt 
transmission with the application of optical microscope, MATEC Web of Conf. 157 (2018) art. 
01009. https://doi.org/10.1051/matecconf/201815701009 
[17] E. Piesowicz, I. Irska, K. Bryll, K. Gawdzinska, M. Bratychak, Poly(butylene 
terephthalate/carbon nanotubes nanocomposites part ii. Structure and properties. Polimery 61 
(2016) 24-30. https://doi.org/10.14314/polimery.2016.024 
[18] R. Dwornicka, N. Radek, M. Krawczyk, P. Osocha, J. Pobedza, The laser textured surfaces 
of the silicon carbide analyzed with the bootstrapped tribology model. METAL 2017 26th Int. 
Conf. on Metallurgy and Materials (2017), Ostrava, Tanger 1252-1257.  
[19] N. Radek, A. Szczotok, A. Gadek-Moszczak, R. Dwornicka, J. Broncek, J. Pietraszek, The 
impact of laser processing parameters on the properties of electro-spark deposited coatings. 
Arch. Metall. Mater. 63 (2018) 809-816. 
[20] G. Filo, E. Lisowski, M. Domagala, J. Fabis-Domagala, H. Momeni, Modelling of pressure 
pulse generator with the use of a flow control valve and a fuzzy logic controller. MSM 2018 14th 
Int. Conf. Mechatronic Systems and Materials, AIP Conference Proceedings, vol. 2029, art. 
020015-1. https://doi.org/10.1007/978-3-642-29347-4_36 
[21] J. Pietraszek, Fuzzy Regression Compared to Classical Experimental Design in the Case of 
Flywheel Assembly. In: Rutkowski L., Korytkowski M., Scherer R., Tadeusiewicz R., Zadeh 
L.A., Zurada J.M. (eds) Artificial Intelligence and Soft Computing ICAISC 2012. Lecture Notes 
in Computer Science, vol 7267. Berlin, Heidelberg: Springer, 2012, 310-317. 
https://doi.org/10.1007/978-3-642-29347-4_36 
[22] L. Wojnar, A. Gadek-Moszczak, J. Pietraszek, On the role of histomorphometric 
(stereological) microstructure parameters in the prediction of vertebrae compression strength. 
Image Analysis and Stereology 38 (2019) 63-73. https://doi.org/10.5566/ias.2028 
 


	Effect of Gas Laser Beam applied during Machining of Metal Matrix Composites Reinforced by Sic Particle
	Introduction
	Experimental details
	Results and discussions
	Tool wear and surface finished in laser-assisted machining
	Summary and conclusions
	References


