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We present a comprehensive experimental study on the influence of laser cutting on the flexural 

strength of 0.63 mm thick alumina sheets. In this study ceramic specimens are cut to a size of 24×3 

mm
2
 with the flexural strength being measured using a 3 point bending test. Based on a design of 

experiments approach the results reveal that among the experimental parameters the laser focus po-

sition has the highest influence on the flexural strength, reducing it by 63 MPa. Cutting alumina at 

300 mm/s yields a flexural strength of 395 MPa, which is significantly lower as compared with ref-

erence samples produced by scribe and break having a flexural strength of 520 MPa. Yet, a compa-

rable flexural strength of 311 MPa using a CO2 laser is achieved at only 20 mm/s. To cut small con-

tours, digital modulation of the fiber laser output power is employed leading to a flexural strength of 

506 MPa at 1 mm/s and 469 MPa at 10 mm/s. Further results show that additional outer contours 

can halve the flexural strength and the lack of rounding reduces the flexural strength further. Inner 

contours especially with corners are also decreasing the flexural strength drastically while an inner 

circle causes only low strength reduction. 
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1. Introduction 

In the last decade there is an increasing demand in ce-

ramic substrates made of alumina for the electronic indus-

try. Electronics on ceramic substrates are found in, e.g., 

automotive, telecommunication, power electronics and 

various sensor systems. Ceramic substrates have many ad-

vantages over paper and glass fiber reinforced plastics with 

one of the most important ones being their high thermal 

conductivity. Standard and frequently used FR4 has a 

thermal conductivity of 0.3 W/mK, while alumina is char-

acterized by 25 W/mK. As a result, the need of additional 

cooling is reduced when using ceramic substrates [1]. Fur-

ther advantages of alumina compared to standard FR4 sub-

strates are the chemical inertness and the much higher max-

imum operation temperature [2].  

Due to its high Vickers hardness of 1600 HV1 and brit-

tleness the only mechanical method processing alumina is 

diamond abrasive cutting [3]. But even diamond grinding 

tends to result in low processing speeds and high tool wear 

as well as the danger of mechanical breakup. Therefore, 

different laser processing strategies are commonly in use. 

In order to reach high velocities during separating straight 

lines, mostly CO2 lasers are industrially employed for the 

scribe and break method [4]. This process has the ad-

vantage of a low required laser power and it is possible to 

run additional manufacturing steps between scribing and 

breaking.  

For more complex contours usually laser fusion cutting 

is used. Using this technique Black and Chua [5] cut com-

plex contours even in 9.2 mm thick alumina with a power 

modulated 530 W CO2 laser at 1.5 mm/s but having major 

problems with cracks. Hong et al. [6] separated silicon ni-

tride ceramics with a 250 W Q-switched CO2 Laser in a 

multi-pass process at an effective cutting velocity of 

1 mm/s. In this process a higher velocity of the single pass-

es of about 220 mm/s leads to less crack formations. Ji et 

al. [7] cut 10 mm thick alumina using a pulsed CO2 laser 

with 3.5 kW peak power at 0.3 mm/s without breakup of 

the substrate. Other research topics in laser cutting of ce-

ramics is described by Wee et al. [8] who found that by 

cutting 7 mm thick alumina with a 1.2 kW CO2 Laser the 

striation angle and the striation wavelength are mainly in-

fluenced by the laser material interaction time and the gas 

pressure.  

To predict cracks induced by the thermal stress during 

laser cutting Lee and Ahn [9] developed a Bayesian Proba-

bilistic Model suggesting that cracks mainly depend on the 

cutting front angle. Another approach to predict cracks was 

presented by Yilbas et al. [10] using thermal simulations 

showing that cracks are mainly caused by the re-

solidification of molten material in the cut kerf. Yan et al. 

[11] performed experiments cutting 6 mm thick alumina 

with a 3.5 kW CO2 Laser at different pulse mode showing 

that fewer pulses with more energy but large switch off 

times create less stress than many pulses with lower pulse 

energy.  

 To avoid cracks in micro processing ceramics Wang et 

al. [12] presented results on cutting holes in 0.63 mm thick 

alumina substrates using a 150 femtosecond short pulse 

laser with an average power of 0.8 W in a multi pass pro-

cess. The authors achieved very high cutting quality but 

only an effective velocity of 1.5 µm/s, which is much too 

slow for industrial applications. The use of excimer laser 

(248 nm KrF) by Lump and Allen [13] in cutting vias into 
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0.63 mm thick alumina nitride showing good quality but 

also revealing major problems with cracks. With 3 000 

pulses for one via at 50 Hertz laser repetition rate the pro-

cess is also too slow for industrial applications.  

The literature reveals that for cutting complex contours 

or vias in alumina only fusion cutting offers a fast process 

with high quality. The disadvantage of fusion cutting is, 

however, the generation of thermal induced stress and 

cracks leading to the reduction in strength of the material 

[10]. In this contribution, we examine the influence of laser 

fusion cutting with a single mode fiber laser on the flexural 

strength of alumina and maximize the flexural strength by 

parameter optimization. The results are compared with the 

flexural strength after separation with scribe and break and 

with CO2 laser cuts. Further we measure the strength 

change by cutting inner and outer contours. 

2. Experimental 

2.1 Laser system 

In this study, a continuous wave 500 W single mode fi-

ber laser (IPG Photonics) is used for fusion cutting. The 

laser system is equipped with linear stages (x,y) for the 

workpiece (Aerotech) and a fine cutting head (Precitec) 

attached to a linear drive (z). The assisted gas nitrogen with 

purity greater than 99.999 % flows coaxial to the laser 

beam. The gas nozzle has a diameter of 0.3 mm and the gas 

pressure can be adjusted between 4 and 20 bar. The dis-

tance between the nozzle and the workpiece is positioned 

by the z-linear drive to 0.3 mm. The specified laser emis-

sion wavelength is 1070 nm in conjunction with a beam 

propagation factor of M² < 1.1. The raw beam diameter of 

7.25 mm is focused by a lens with focal length of 50 mm. 

The resulting Rayleigh length and the focus diameter are 

calculated to 70 μm and 11 μm, respectively. The Laser 

system is equipped with a position synchronous output 

(PSO) to modulate the laser digitally. The maximum digital 

modulation frequency for the laser is 50 kHz. Using the 

PSO, the laser is switched on for an adjustable time after 

the drives moved a given distance. With the PSO the ener-

gy input per unit length is kept constant during acceleration 

and deceleration paths (i.e. during cutting a corner).    

To compare cutting results with traditional CO2 lasers, a 

200 W CO2 laser system (Synrad) is used. The system con-

sists of 3-D linear stages (Aerotech) with a maximum ve-

locity of 500 mm/s. The assist gas nitrogen flows through a 

coaxial nozzle with 0.5 mm diameter to the workpiece. The 

laser emits a beam with 11.7 mm diameter and a M² of 1.2. 

The beam is focus in a Precitec cutting head with a 50 mm 

focal length. The focus diameter is calculated to 70 μm 

with a Rayleigh length of 300 μm.   

2.2 Ceramic Material 

For our study, commercially available alumina sheets 

(CeramTec) having a thickness of 0.63 mm are used, a 

thickness which is most common in the electronic industry. 

The material is specified by a compositional purity of larg-

er than 98%, a density of 3.8 g/cm³, a Vickers hardness 

HV1 of 1600 and a linear thermal expansion coefficient of 

7.2×10
-6

 K
-1

, respectively. The flexural strength is specified 

to 390 MPa in conjunction with a Weibull modulus of 10. 

In order to run bending tests, these ceramic sheets are laser 

cut into 24 mm long and 3 mm wide samples. For this cut-

ting process also the optical properties are of importance. 

At the wavelength of the employed fiber laser (1070 nm) 

alumina has a high reflectance of 79% at room temperature 

[14]. More important, however, than the reflectance at 

room temperature (contributing only to the cut-in phase) is 

the absorption of hot and molten alumina during laser cut-

ting. For this reason Zhang and Modest [15] published ex-

perimental results showing that alumina has an absorption 

higher than 90 % around 1064nm at temperatures higher 

than the melting point. Please note that in contrast to 

1064 nm the absorption around 10600 nm (i.e. the of the 

CO2 radiation wavelength) in alumina is about 95 % [16]. 

2.3 Flexural strength measurement 

To measure the flexural strength, a 3-point bending test 

machine (Thuemler) is used with 20 mm distance between 

the two contact points. The flexural strength 𝜎 is calculated 

with formula (1) from the maximum force F which the 

sample withstands before braking. Here l is the distance 

between the two contact points, b stands for the width of 

the sample and d expresses the sample thickness. The ve-

locity of the bending test is set to 1 mm/min like recom-

mended by Bengisu [2]. 

   𝛔 = 𝟑∙𝐅∙𝐥𝟐∙𝐛∙𝐝𝟐                  (1)     

In contrast to metals, where the strength is Gaussian dis-

tributed, for ceramics it is Weibull distributed. In ceramics 

a failure in one region can´t get compensated due to the 

lack of ductility. As a consequence the strength of ceramics 

is described as the minimum strength of all filaments in the 

material due to the lack of ductility [17]. This extreme 

value behavior is described well with the Weibull 

distribution.  

Opposite to the 4 point bending test, in which a constant 

stress between the two inner points is provided, the stress 

in the 3 point bending test geometry is concentrated in a 

small area around the middle point [2]. This results to a 

smaller stressed volume in the 3 point test geometry and as 

a consequence to a lower probability of having a weak fil-

ament within this area. Therefore, the flexural strength in a 

3 point bending test is typically higher as compared to a 4 

point bending test.  

 

  

3. Results 

3.1 Reference cut with scribe and break 

For comparison reasons sample geometries (24×3 mm
2
) 

of alumina were produced by the scribe and break method. 

Using a 20 W pulsed fiber laser at 1 mJ pulse energy and 

20 kHz pulse frequency the sample is scribed in a multi 

pass process about 130 microns deep. Afterwards the 

scribed ceramic is broken mechanically. Figure 1 shows the 

braked edge after scribing where no cracks can be seen on 

the braking edge. The flexural strength of this samples is 
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measured to 520 MPa which is significantly higher than the 

specified value of 390 MPa, given by the supplier.  

 

3.2 Fusion cutting using CO2 laser 

  In this section, the influence of fusion cutting with a 

continuous wave CO2 laser on the flexural strength of the 

ceramic is evaluated. The CO2 laser operates at 200 W and 

the distance between nozzle and workpiece is set to 

0.5 mm. The focus position is placed onto the surface of 

the ceramic. At a velocity of 20 mm/s and 8 bar gas pres-

sure a cut without mechanical breakup is achieved. Figure 

2 shows the cutting edge processed with the CO2 laser at 

20 mm/s. The thickness of the glassy phase at the cut kerf 

is measured between 10 μm and 40 μm. The flexural 

strength of the samples strongly depends on the cutting 

velocity. At 5 mm/s a flexural strength of 188 MPa is 

measured, at 10 mm/s the flexural strength increases to 

281 MPa and reach a maximum of 311 MPa at 20 mm/s. It 

is assumed that at higher velocities the laser dwell time at 

one point is lower which results in less heat diffusion into 

the material. As a result, the crack depth is reduced and as a 

consequence the mechanical strength increases. When cut-

ting with CO2 laser at 20 mm/s the strength of alumina de-

creases by 40 % as compared to scribe and break. The en-

ergy input per unit length is 10 J/mm which is halve of the 

track energy that Yilbas et al. [10] used for cutting 1.5 mm 

thick alumina (2 kW CO2 laser at 100 mm/s). In contrast, 

Huehnlein et al. [18] required only 1.5 J/mm for cutting 

0.25 mm alumina with a CO2 laser (180 W at 120 mm/s). 

 

3.3 Fusion cutting using continuous wave fiber laser 

  To evaluate the influence of different machine parame-

ters a linear experimental design, described by Siebertz et 

al. [19], with 4 parameters (shown in  Table 1) and 16 ex-

periments is run. A similar design setup is often used for 

optimizing laser processes, e.g. by Dhupal et al. [20] to 

optimize micro grooving of aluminum titanate or by Yang 

et al. [21] to analyze cutting of PMMA. To achieve high 

productivity the laser power is fixed to the maximum of 

500 W. The flexural strength is measured for every pa-

rameter combination and the influences of the laser param-

eters, shown in  Table 1, are calculated with commercial 

statistics software (JMP®). In this analysis, those parame-

ter combinations resulting in a breakup during cutting are 

valuated with 0 MPa. Table 1 shows that the position of the 

focus has the most important influence on the flexural 

strength. The negative value of this influence expresses a 

higher strength at lower focus positions (a negative focus 

position indicates a focus position below the surface of the 

workpiece). In contrast, the velocity has no significant in-

fluence within the analyzed interval. The negative influ-

ences of the nozzle diameter and gas pressure reveal that 

too much gas leads to lower strength. Possible reasons are 

the mechanical force of the gas on the cut kerf and the 

amount of re-solidifying melt.  

Figure 3 shows the influence of the focus position and 

the gas pressure on the flexural strength graphically in a 

surface plot. It can be seen that the highest strength is 

achieved at low gas pressure and a low focus position. Fur-

ther it is shown that the strength decreases with increasing 

focus position and gas pressure, which is expressed in Ta-

ble 1 by the negative influences. At different parameter 

combinations, the crack network looks very different with 

respect to the distance between cracks, their orientation, 

curvature and visibility of the cracks because they are cov-

ered with re-solidified melt. In our study, a correlation be-

tween the shape of the crack network and flexural strength 

wasn´t found. A possible reason for that is given by Modest 

[22] who simulated thermal stress during CO2 laser drilling 

of SiC. He found that the cracks seen at the surface only 

pervades a very thin layer near the process zone. In contrast, 

Figure 1: Braked edge after scribing with pulse laser. 

500 µm (break) 

130 µm (laser) 

 Table 1: Influence of laser parameters on the flexur-

al strength. A negative influence expresses a strength 

reduction with increasing parameter value 

 

Parameter  Parameter  
Space  

Inf luence 
on s t rength  

Pos i t ion of  focus  
-0 .5  mm to  

-0 .1  mm -63  MPa 

Nozzle  d ia meter  
0 .3  mm to  

0 .8  mm -29  MPa 

Gas  p res sure 
6  bar  t o   

12  bar 
-23  MPa 

Veloc i t y  
50  mm/s  t o   

300  mm/s  
-0 .5  MPa 

 

Figure 2: Cutting edge cut with CO2 laser at 

20 mm/s 
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he assumes that the high temperature gradients which cause 

tensile stress are responsible for cracks below the surface 

result in mechanical breakup.   

The maximum flexural strength measured in these exper-

iments of 395 MPa is achieved with the parameter combi-

nation velocity 300 mm/s, gas pressure 6 bar, position of 

focus 0.5 mm below workpiece surface and nozzle diame-

ter 0.8 mm. Please note, that the position of the focus (cal-

culated to 11 µm diameter) is only 0.13 mm above the bot-

tom of the substrate. Due to the short focal length of the 

lens the beam expands to 72 µm at the surface. The flexural 

strength value of 395 MPa is as high as the specification of 

390 MPa, yet lower than the value determined by scribe 

and break. This parameter combination results in an energy 

input per unit length of 1.7 J/mm at 300 mm/s and 500 W. 

This is less than 2.5 J/mm Huehnlein et al. [18] applied for 

cutting 0.25 mm alumina with a single mode fiber laser 

(250 W at 100 mm/s). Compared to CO2 laser cutting in 

section 3.2 where a track energy of 10 J/mm is required the 

energy input per unit length for fiber laser cutting is much 

lower due to the smaller focus diameter.     

Figure 4 shows the cutting edge of alumina with a pa-

rameter combination similar to that leading to the highest 

flexural strength, however with a lower cutting velocity of 

100 mm/s and a smaller nozzle diameter. In this regime the 

crack network can be clearly seen. The re-solidified melt 

forms a glassy phase with a thickness of a few microns. 

The thickness is measured with depth of sharpness method 

by focusing with the microscope on the striations and then 

focusing on the crack network in the ceramic. The distance 

between these two focus levels is the thickness of the 

glassy phase. The striations in the glassy phase are always 

perpendicular to the cracks. In Figure 4 the striations are 

parallel with an angle of 15° to the vertical. At higher ve-

locities of 300 mm/s the striations get swirled and therefore 

the crack network changes its shape. Here it should be con-

sidered that alumina has a 2 to 3 orders of magnitude high-

er viscosity at melt temperature than steel [23]. Based on 

thermal simulations, Yilbas et. al. [10] found that cracks 

are caused by the re-solidification of the glassy phase. The 

re-solidification generates different forces parallel and per-

pendicular to the striations. This complements with the 

cracks in Figure 4 being perpendicular to the striations.  

To measure the width of the cracks a scanning electron 

microscope (SEM) with an acceleration voltage of 10 kV is 

used. The cracks in Figure 5 are measured to a width be-

tween 0.1 microns and 1 micron. This is still below the 

mean grain size given by the manufacturer between 2 

microns to 5 microns. Usually the depth of the cracks is 

much higher than the width. As a result the cracks can be 

deeper than the grain size which leads to significant 

influences on the strength.  

According to the Griffith equation [24] the stress for a 

brittle fracutre σc of materials with cracks can be calculated 

with formula (2) from the elastic modulus E and the 

specific surface energy γ.  σ𝑐 = �2∗𝛾∗𝐸𝜋∗𝑐                   (2)  

With increasing crack depth c the stress for a brittle 

fracture caused by cracks decreases. When this stress falls 

below the specified flexural strength of the material, the 

measured strength also decreases. It is assumed that the 

cracks in cw fiber laser cutting are deep enougth to 

influence the flexural strength. In CO2 laser cutting, the 

flexural strength is lower compared to fiber laser cutting, 

which can be explainded by deeper cracks which are 

obscured by re-solidified melt.    

  

Figure 5: SEM image of cracks caused 

by cw cutting 

Figure 3: Contour plot of the flexural strength as a func-

tion of focus position and gas pressure in cw fiber laser 

cutting 

crack 

striation 

Figure 4: Cutting edge produced by cw fiber 

laser cutting 



 

JLMN-Journal of Laser Micro/Nanoengineering Vol. 9, No. 2, 2014 

157 

3.4 Fusion cutting using modulated fiber laser 

In order to cut small contours, the linear drives of the la-

ser system have to decelerate before and accelerate behind 

corners. Therefore, the velocity of 300 mm/s cannot be 

held. As a consequence, the energy input per unit length 

sharply rises at corners. This high energy input in combina-

tion with the disadvantage that corners generally weaken 

the strength of ceramics results in a mechanical breakup of 

the substrate. To avoid this, the laser is digitally modulated 

to keep the energy input per unit length constant. Using a 

velocity of 1 mm/s and a switch on time of 1 ms after the 

drives travel 10 µm even small and complex contours are 

cut without breakup (other parameters: position of focus -

0.5 mm, gas pressure 6 bar, nozzle diameter 0.3 mm, laser 

power 500 W). The travel distance is chosen with respect 

to the focus diameter of 11 µm. The energy input per unit 

length is calculated from the pulse energy of 0.5 J (500 W 

for 1 ms) which occurs after a travel distance of 10 µm 

(100 pulses per mm) to 50 J/mm. This is much higher than 

1.7 J/mm when cutting straight lines in continuous wave 

mode. The reason for thigh energy input per unit length is 

the cooling of the process zone between two pulses and the 

therefore lower absorption for the following pulse. A fur-

ther reason is the thermal conduction that takes more ener-

gy away from the process zone at slower velocities. 

 Figure 6 shows the cutting edge of a digitally modulat-

ed cut where the striations at the upper third have a width 

of about 10 µm that equates the distance between two laser 

pulses. Due to the surface roughness the re-solidified melt 

is haze, so possible existing cracks cannot be seen. For 

instance, a flexural strength of 506 MPa is achieved for 

cuts using digital modulation which is almost as high as the 

value for scribe and break. This high strength achieved at 

low pulse frequency of 100 Hz and 10 % duty cycle corre-

sponds with the results of Yan et al. [11]. The Weibull 

modulus for this parameter combination is calculated to 29. 

As a result of the relatively low gas pressure and the nar-

row cut kerf of about 40 µm, the kerf is closed partially at 

the lower edge by the dross. To separate the sample from 

the substrate the samples can be pushed out easily by hand.  

In terms of higher productivity it is not recommended to 

further increase the velocity in this parameter combination 

even at constant track energy. At higher velocities of 

3 mm/s the flexural strength is reduced by about 20 % to 

398 MPa keeping the other parameters constant. To keep 

the strength high even at higher velocities requires to either 

reduce the pulse duration or to increase the distance be-

tween the pulses. A reduction of the pulse duration results 

in an incomplete cut because the power density is too low 

to melt the ceramic. On the other hand increasing the travel 

distance between two pulses to 40 µm and therefore reduce 

the track energy to 12 J/mm a cutting velocity of 10 mm/s 

is possible. With this parameter combination and a gas 

pressure of 14 bar a flexural strength of 469 MPa is 

achieved and the samples are separated completely from 

the substrate. The benefit of a ten times higher productivity 

results in a flexural strength reduction of 8 % compared to 

the cut at 1 mm/s and a decrease of 10 % compared to 

scribe and break. The cutting edge achieved with this pa-

rameter combination is shown in Figure 7. The striations 

width of 40 µm is as wide as the travel distance between 

two pulses. The surface roughness is measured to 3.1 µm 

and therefore similar to the cut at 1 mm/s.  

To show the ability of cutting complex contours a test 

design with sharp edges and inner circles is cut. With both 

parameter combinations the test pattern was cut successful-

ly with high quality. Figure 8 shows a part of this test pat-

tern cut with digital modulation using a velocity of 

10 mm/s and 40 µm pulse distance.  

 

Figure 8: Complex contour cut with 10 mm/s 

with holes between 0.3 mm and 1.1 mm and 

sharp angles of 30° and 50° 

Figure 7: Laser scanning image of cutting edge by 

digitally modulated cutting at 10 mm/s 

Figure 6: Laser scanning image of cutting edge by 

digitally modulated cutting at 1 mm/s 
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3.5 Influence of the outer contours 

In some applications it is necessary to fit the geometry 

of the substrate to the available space. Therefore in these 

cases, the substrates need complex outer contours. The de-

signed geometry for this study is shown in Figure 10. On 

the left hand side the geometry has a width of 3 mm. This 

is as wide as in the previous experiments. On the right hand 

side the pattern is one mm wider than on the left. The dim-

inution in the middle is designed with different radii. In the 

bending machine the pattern is placed with the diminution 

directly at the middle bending point. 

The parameters used in this cut are described in section 

3.4 with a velocity of 1 mm/s, distance between two pulses 

of 10 µm and 1 ms pulse duration (other parameters: posi-

tion of focus -0.5 mm, gas pressure 6 bar, nozzle diameter 

0.3 mm, pulse peak laser power 500 W). For the calcula-

tion of the flexural strength the smaller width (3 mm) is 

used. Figure 11 shows the flexural strength as a function of 

the radius R compared to the reference cut with the same 

parameter combination from section 3.4. It is obvious that 

the test pattern, even with a large radius, has a much lower 

flexural strength than the reference cut. A reason for this is 

the concentration of the force from the wider part of the 

sample on the diminution and the general weakness of ce-

ramics at corners. A further effect in corners is the higher 

thermal load which leads to higher thermal induced stress. 

Figure 11 also reveals a high reduction of the strength at 

radii smaller than 0.1 mm. This corresponds with the re-

sults of Glaw et al. [25] showing the corner rounding can 

increase the resistance of a breakup during temperature 

changes. 

 

3.6 Influence of inner contours 

In hybrid circuits it is also necessary to cut holes for vi-

as or mounting purposes. This section is about the influ-

ences of different inner contours on the flexural strength of 

ceramic material. Four test patterns are designed as shown 

in Figure 9. The width of all samples is 4 mm and the inner 

contours reduce the width in the middle by 1 mm. Howev-

er, for the calculation of the flexural strength the effective 

width of 3 mm is used. The parameter combination used 

for the experiments is the same than in section 3.5 for the 

outer contours.   

Figure 12 shows the flexural strength of the test pattern 

compared with the reference cut from section 3.4 using the 

same parameter combination. The lowest strength is meas-

ured cutting a rhombus into the ceramic. In this design the 

force of the bending machine is focused to the peaks of the 

rhombus. Due to the lack of ductility the material cannot 

compensate the stress and results in a breakup. The flexural 

strength of the sample with the rectangle is 16 % higher 

than that with the rhombus. The samples break at the cor-

ners of the inner rectangle rather than in middle of the rec-

tangle where in a homogeneous material the highest stress 

results. This corresponds to the results shown in section 

3.5, where also the weakness of corners is revealed. Cutting 

a circle results in the highest flexural strength measured 

due to the lack of inner corners but the strength is still low-

er than the reference of the 3 mm wide rectangle. These 

results show the weakening of alumina structures by inner 

contours especially inner contours with corners.   

  

4. Conclusion 

 

In this contribution the influence of cutting 0.63 mm 

thick alumina with single mode fiber laser and CO2 on the 

flexural strength of the material is analyzed. For these ex-

periments samples with a length of 24 mm and a width of 

3 mm are cut and the flexural strength is measured with a 3 

point bending test. The results using design of experiments 

show that the position of the focus has a large and the gas 

Figure 12: Flexural strength by cutting different inner 

contours 

Figure 10: Flexural strength as a function of the round-

ing radius  
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Figure 9: Test pattern for outer contours with 

variable rounding 
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Figure 11: Test pattern for different inner con-

tours 
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Table 2: Overview about the strength at different cut 

methods 

 

Modus  Veloc i t y  S t rength  

Ref er ence  b y scr ibe  and 

b reak  
 520  MPa 

Cont inuous  wa ve CO 2  20  mm/s  311  MPa 

Cont inuous  wa ve  

f iber  laser  
300  mm/s  395  MPa 

Modula t ed f iber  laser  

10  µm pulse  d is t ance  
1  mm/s  506  MPa 

Modula t ed f iber  laser  

40  µm pulse  d is t ance  
10  mm/s  469  MPa 

 

pressure and nozzle diameter a medium influence on the 

strength. To cut smaller contours a digital modulation is 

used to avoid a mechanical breakup of the ceramic. An 

overview of the flexural strength with different cutting 

methods is shown in Table 2.  

Further results show that additional outer contours can 

halve the strength and the lack of rounding further ampli-

fies this effect. Inner contours especially with corner are 

also decreasing the strength drastically while an inner circle 

causes the lowest strength reduction.  
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