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Ti6Al4V Radial stress dynamic analysis 
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Material:    Al2024 T3 
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LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Residual Stresses (According to ASTM E837-08) 

Al2024-T351 Ti6Al4V 

Relatively broad difference between 

Smax and Smin in Al2024-T351 

Relatively small difference 

between Smax and Smin in Ti6Al4V 



Faculdade de Ciências e Tecnologia da 

Universidade Nova de Lisboa 
 

June 14th, 2013 

30 

LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Residual Stresses (According to ASTM E837-08) 

Ti6Al4V: Comparison LSP-Shot Peening 

Substantial improvement in Residual 

Stresses Field in Ti6Al4V vs. to Shot Peening 

Decisive improvement in protected depth reached in 

Ti6Al4V for different irradiation intensities 
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Porro, J.A. et al.: 3rd ICLP. Japan 10-15 Oct. 2011 



Faculdade de Ciências e Tecnologia da 

Universidade Nova de Lisboa 
 

June 14th, 2013 

34 

LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Iordachescu, M. et al.: “Laser Shock Processing influence on local properties and overall tensile behavior of 

friction stir welded joints”. Surface & Coatings Technology 206 (2012) 2422–2429 
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4. Mechanical characterization

FSW  vs. FSW-LSP treated joint - Local Strain analysis

RS vs. WZ strains (FSW joint with/without LSP)

AS vs. WZ strains (FSW joint with/without LSP)

21

4. Mechanical characterization

FSW  vs. FSW-LSP treated joint - Local Strain analysis

FSW joint vs. BM strains (with/without LSP)

FSW joint vs. WZ strains (with/without LSP)
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LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Assessment of LSP on mechanical resistance of thin dissimilar laser welded joints (1/7) 
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Some Preliminary Results 

Assessment of LSP on mechanical resistance of thin dissimilar laser welded joints (2/7) 
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Some Preliminary Results 

Assessment of LSP on mechanical resistance of thin dissimilar laser welded joints (3/7) 
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LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Assessment of LSP on mechanical resistance of thin dissimilar laser welded joints (4/7) 
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LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Assessment of LSP on mechanical resistance of thin dissimilar laser welded joints (5/7) 
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LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Assessment of LSP on mechanical resistance of thin dissimilar laser welded joints (6/7) 
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LSP Technique for Materials Properties Improvement 

Some Preliminary Results 

Assessment of LSP on mechanical resistance of thin dissimilar laser welded joints (7/7) 
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 LSP Technology is being developed and has proven successful results as competitive to classic 

surface and mechanical properties improvement techniques of high reliability components as, i.e. 

Shot Peening. 
 

 The need for a practical capability of LSP process control in practical applications has led to the 

development of comprehensive theoretical/computational models for the predictive assessment of 

the complex phenomenology involved. The development of the appropriate experimental diagnosis 

facilities and the connection of numerical simulation to experimental material characterization 

results enable a fundamental and reliable process understanding capability in view of process 

industrial implementation. 
 

 Some preliminary studies have been conducted by the authors focused to the mechanical properties 

improvement of different types of welded joints. 
 

 The LSP influence has proven to be beneficial in the case of FSW joints of AA2024-T351. At joint 

scale, a stiffening effect is induced by LSP by hardening the superficial top and bottom layers, 

generating changes in the overall mechanical behaviour of the structure. The samples laser shock 

processed exhibited superior tensile properties as compared to the un-peened ones. The testing 

strain rate had no significant effect on the mechanical behaviour of the samples. 
 

 In the case of LSP treatment of laser welded thin (< 3 mm) B&W steel sheets, significant differences 

in the overall mechanical resistance of treated vs. non-treated samples, mostly as a consequence of 

the properties improvement of the welding HAZ over those of base CS. 

LSP Technique for Materials Properties Improvement 

Discussion and Outlook 



Faculdade de Ciências e Tecnologia da 

Universidade Nova de Lisboa 
 

June 14th, 2013 

45 

LSP Technique for Materials Properties Improvement 

Discussion and Outlook 

Recent Results on the LSP treatment of NiTi sheets. Comparison to AISI 304 SS 



Faculdade de Ciências e Tecnologia da 

Universidade Nova de Lisboa 
 

June 14th, 2013 

46 

1. Ocaña, J.L. et al.: “A Model for the Coupled Predictive Assessment of Plasma Expansion and Material 

Compression in Laser Shock Processing Applications”. In: High-Power Laser Ablation II, Claude R. 

Phipps, Masayuki Niino, Eds., SPIE Proceedings , Vol. 3885, 252–263 (2000) 

2. Ocaña, J.L. et al.: “Predictive assessment and experimental characterization of the influence of irradiation 

parameters on surface deformation and residual stresses in laser shock processed metallic alloys”. In: 

High-Power Laser Ablation V, Phipps C.R., Ed.. SPIE Vol. 5548, 642-653 (2004) 

3. Ocaña, J.L. et al.: Appl. Surf. Sci., 238 (2004) 242-248 

4. Ocaña, J.L. et al.: Appl. Surf. Sci., 238 (2004) 501-505  

5. Rubio-González, C. et al.: Mat. Sci. Eng. A., 386 (2004) 291-295 

6. Ocaña, J.L. et al.: “Laser Shock Processing as a Method for Surface Properties Modification of Metallic 

Materials”. In: Shot Peening and other Mechanical Surface Treatments, V. Shulze, A. Niku-Lari, Eds. I.I.T.T. 

Paris (2005), 466-471. 

7. Sanchez-Santana, U., et al.:  Wear, 260 (2006) 847-854 

8. Rubio-González, C. et al.: Appl. Surf. Sci., 252 (2006) 6201-6205 

9. Morales, M. et al.: “Numerical Simulation of Plasma Dynamics in Laser Shock Processing Experiments”. 

In: Proceedings of LPM2008. 1-6 (2008) 

10. Morales, M. et al.: Surf. & Coat. Technol., 202 (2008) 2257–2262 

11. Martí-López, L. et al.: Appl. Opt. 48 (2009) 3671-3680 

12. Morales, M. et al.: Appl. Surf. Sci. 255 (2009) 5181–5185 

13. Ocaña, J.L. et al.: Mat. Sci. Forum, Vols. 638-642 (2010)  2446-2451 

14. Morales, M. et al.: Mat. Sci. Forum, Vols. 638-642 (2010)  2682-2687 

15. Morales, M. et al.:  J. Optoelectr. and Adv. Mat., 12 (2010) 718-722 

16. Rubio-González, C. et al.: Mat. Sci. Eng. A., 528 (2011) 914-919 

17. Ocaña, J.L. et al.: Mat. Sci. Forum, Vols. 706-709 (2012)  2565-2570 

18. Iordachescu, M. et al.: Surf. & Coat. Technol., 206 (2012) 2422–2429 

19. Trdan, U. et al.: Surf. & Coat. Technol., 208 (2012) 109–116 

20. Ocaña, J.L. et al.: AIP Conference Proceedings, 1464 (2012) 209-218 

MAIN REFERENCES 



Faculdade de Ciências e Tecnologia da 

Universidade Nova de Lisboa 
 

June 14th, 2013 

47 

The LSP Team at CLUPM  

Work partly supported by MICINN/MINECO (Spain; Projects MAT2008-02704/MAT, BIA2011-26486 and MAT2012-37782). 


