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01 Backgroud

Laser processing

Laser cleaning

Laser ablation application

Scramjet engine

Breke pads Thermal protective 
materals



Introduction of 
the experiment



Test systemTest conditions

Table 1 Experimental conditions 
and results table

Fig. 1 Schematic diagram of 
experimental system

02 Introduction of the experiment



Test results

02 Introduction of the experiment

Fig. 2 Schematic diagram of laser ablation morphology 
of C/SiC surface under different working conditions

a.1591 W/cm2 a.1910 W/cm2 a.2228 W/cm2

Action time : 8s



Microscopic observation analysis
02 Introduction of the experiment

Fig.3 Microscopic observation results

(1591 W/cm2)



Calculation of ablation threshold

According to the experimental results 
shown in Table 1,  are shown in Figure 5.

According to the formula of the zero 
damage method, obtain the relationship 
equation

aw =
2
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2 w
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y=b+ax

y=0.61x-3.9

The relationship between slope a and waist 
radius w is

According to

The ablation threshold is198W/cm2

Fig.4 Fitting line between 
logarithm of power and square of 

ablation pit diameter
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03 Numerical Method

Fig.5 Road map of numerical simulation 
technology

ABAQUS finite element 
software

Umeshmotion+ALE

Improve
Remesh

Map 
solution

Laser perforation

Birth and 
Death 

element 
method

Introduction to Technical Route



03 Numerical Method
Oxidation Model of C/SiC 

   （active oxidation）
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Assumption: All oxygen diffused 
to the wall is dissipated

x min( , )o a reac o diffv v v 

Oxidation rate

Sublimation mechanism
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According to the Clausius Clapeyron 
Equation of saturated vapor pressure:

Table 2 Material parameters in the 
model
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Fig. 6 Experimental and 
numerical simulation results 

ablation profile diagram

04 Result analysis
Laser scanning of ablation pits

Condition 5

Condition 6

Condition 7

Comparison of 
simulation 

results

Fig. 5 3D scanning 
results

Simulation results



04 Result analysis

Fig. 7 Time history curve of laser 
irradiation center temperature

Fig. 8 Comparison of temperature 
fields at different times on the back 

of the target plate

Temperature field analysis
3s

6s

9s



 

Shear strength is greater 
than 100Mpa

Thermal stress analysis
04 Result analysis

The maximum contribution of shear 
thermal stress(0 .7s)  to mater ia l 
fracture damage. 

S13  and  S23  a re  about 
10.2Mpa,  and the shear 
stress S12 in the in-plane 
direction is about 12Mpa

Fig. 9 Shear stress cloud map of the 
ablation center area under condition 6

S13 S23S12
The material will not 
undergo fracture or 
failure



 Contribution rate of oxidation and sublimation 
04 Result analysis

Fig. 10 Time history curves of ablation rate for 
oxidation and sublimation at the ablation center 

under different operating conditions

The contribution of 
sublimation reaction 
in the central region 
to ablation is much 
higher than that of 
oxidation reaction



05 Conclusion

(1)The experiment found that the morphology of ablation pits under 

different laser power densities was significantly different. 

(2)The material ablation threshold and perforation time are obtained.

(3)The process of ablation in the area irradiated by the high-energy laser 

until the materail  perforation is realized by using the improved 

Umeshmotion+ALE method  and the birth and death element method. 

(4) According to the numerical simulation results, the thermal stress 

analysis of the material under laser irradiation and the contribution rates 

of oxidation and sublimation to the ablation rate are mainly carried out.
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