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Surface Mechanics Design Using Laser Cavitation and Its Practical Application
for 3D Additive Manufacturing Material
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When the surface of a metallic material placed in water was irradiated with
a pulsed laser, ablation and bubble, i.e., laser cavitation were generated. In present study, laser
cavitation was investigated and it was utilized for mechanical surface modification utilizing the
impact force generated at bubble collapse. In normal underwater laser peening, the impact force by
ablation is used. In this study, the impact force at laser cavitation collapse was enhanced by
optimizing the processing conditions, and it was applied to a titanium alloy by additive
manufacturing, and the fatigue strength of the titanium alloy improved 2 times. It was also
demonstrated that this mechanical surface modification can improve fatigue strength to the same
level or more with less than half the energy of conventional water film laser peening and less than
half the pulse density.



¢y

@

CP

®

*

o

Nd:YAG
40%
1064nm

LP
SP

Nd:YAG 1064nm
40%

WJp

532nm



Laser ablation Laser cavitation

PVDF »

(a)

Laser ablation Laser cavitation

: 15 Laser ablation Laser cavitation

532 ¥ %
v g g S<10 F
B=o F 235 5 |
a r o
g%o i 220}

I T T T A T P T B

-5

-0.20.0 02 04 0.6 08 1.0 12 14 16 1.8
Time aller wradiated pulse laser 1 ms

(b) PVDF ©

-0.20.0 0204 06 0.8 10 1.2 1.4 16 1.8
Time atter irradiated pulse laser ¢ ms

@

Nf 16 o £ ,
Or Rz Hy

Nraoo

-
N

o~ . ,

Cavitation peening ,#&hot peening
4

7/

I, o

2-1)

400 MPa

Laser peening , ) o
(==0 pm) ® /% Laser peening
’ (== 30 pm)
. ® ’AAXA Water jet peening
A A SDA
M/’@ o0 © o
7
22 0.81 ol v 4w e

0 -2 0 2 4 6 8
0.1% R

I

Normalized failure life
at o,

[ee]
T T T T T T T T T T T T T T T

AKn

~
-
IS

SPO0.88 | SP0.88

[N}
T
-
[X)
T
\

' NP - cpP I NP -7 cp

I LP

Normalized fatigue strength oy,
o
N
\
N\
Normalized fatigue strength oy’
-
= :
\
\
\
\
\

0 1 2 3 0 1 2 3

Normalized threshold stress intensity factor range AK#/' Stress intensity factor range increment A(AK)

(a) AKy )

)
o

o
®

®

\

& 150 ‘i
2 100 "—..._i___ -

0 . L
0 200 400 600
Density of laser pulse pr pulse/mm?

Maximum height of roughness



*

550

500 F 0\ Laser peened

450 F v 7 X L TP

400 F v ‘A

\
350 FCavitation peened

Actual amplitude of bending stress  o,” MPa

300 F Shot peened
G -
.
250 F .o
. —
200 F Non-peened
5 /mm? 150 - -
10° 10° 10° 107

Number of cycles to failure N Cycle

H. Soyama, Comparison between the Improvements Made to the Fatigue Strength of
Stainless Steel by Cavitation Peening, Water Jet Peening, Shot Peening and Laser
Peening, Journal of Materials Processing Technology, Vol. 269, pp. 65-78, 2019.

H. Soyama, Comparison between Shot Peening, Cavitation Peening, and Laser Peening
by Observation of Crack Initiation and Crack Growth in Stainless Steel, Metals,
Vol. 10, No. 1, (2019), paper No. 63, pp. 1-16, DOI:10.3390/met10010063

H. Soyama and Yuya Okura, The Use of Various Peening Methods to Improve the Fatigue
Strength of Titanium Alloy Ti6Al4V Manufactured by Electron Beam Melting, AIMS
Materials Science, Vol. 5, No. 5, pp. 1000-1015, 2018.

H. Soyama and D. Sanders, Use of an Abrasive Water Cavitating Jet and Peening
Process to Improve the Fatigue Strength of Titanium Alloy 6Al-4V Manufactured by
the Electron Beam Powder Bed Melting (EBPB) Additive Manufacturing Method, JOM,
Vol. 71, No. 12, pp. 4311-4318, 2019. DOI:10.1007/s11837-019-03673-8



22 20 6 8

Hitoshi Soyama, Yuya Okura 5

The use of various peening methods to improve the fatigue strength of titanium alloy Ti6Al4V 2018

manufactured by electron beam melting

AIMS Materials Science 1000-1015
DOl

10.3934/matersci .2018.5.1000

H. Kamisaka, H. Soyama -

Periodical shedding of cavitation cloud induced by a cavitating jet 2018

Proceeding of 24th International Conference on Water Jetting 111-123
DOl

Hitoshi Soyama, Mitsuru Sato -

Improvement of Wear Resistance of Steel by Means of a Cavitating Jet and a Submerged Pulse 2018

Laser

Proceedings of the 10th International Symposium on Cavitation (CAV2018) 533-536
DOl

Soyama Hitoshi 269

Comparison between the improvements made to the fatigue strength of stainless steel by 2019

cavitation peening, water jet peening, shot peening and laser peening

Journal of Materials Processing Technology 65-78

DOl
10.1016/j - jmatprotec.2019.01.030




Haixia Liu, Can Kang and Hitoshi Soyama

47

Experimental Study of the Influence of Test Chamber Dimensions on Aggressive Intensity of the 2020
Cavitating Jet
Journal of Testing and Evaluation in press
DOl
10.1520/JTE20180573
Hitoshi Soyama 19 (5)
Comparison of Various XRD Methods on Evaluation of Residual Stress Introduced by Submerged 2018
Laser Peening
Metal Finishing News 54-57
DOl
21 (4)
2018
23-29
DOl
44
2018
MECHANICAL SURFACE TECH 29-31

DOl




Hitoshi Soyama

Key Factors and Applications of Cavitation Peening 2017

International Journanl of Peening Science and Technology 3-60
DOI

Can Kang, Haixia Liu and Hitoshi Soyama 394-395

Estimation of aggressive intensity of a cavitating jet with multiple experimental methods 2018

Wear 176-186

DOl
10.1016/j .wear.2017.11.001

Kewen Peng, Can Kang, Gensheng Li, Kyuhei Matsuda and Hitoshi Soyama

maco.201709818

Effect of heat treatment on the cavitation erosion resistance of stainless steel

2017

Materials and Corrosion

1-9

DOl
10.1002/maco.201709818

83(17-00190)

2017

1-15

DOl
10.1299/transjsme.17-00190




83(17-00400)

2017
1-12

DOl
10.1299/transjsme.17-00400
Soyama Hitoshi 10
Cavitation Peening: A Review 2020
Metals 270-1 27

DOl
10.3390/met10020270
Soyama Hitoshi 10
Comparison between Shot Peening, Cavitation Peening, and Laser Peening by Observation of Crack 2019
Initiation and Crack Growth in Stainless Steel
Metals 63-1 16

DOl
10.3390/met10010063
Soyama Hitoshi Sanders Daniel 71
Use of an Abrasive Water Cavitating Jet and Peening Process to Improve the Fatigue Strength of 2019
Titanium Alloy 6Al1-4V Manufactured by the Electron Beam Powder Bed Melting (EBPB) Additive
Manufacturing Method
JOM 4311 4318

DOl
10.1007/s11837-019-03673-8




Lesyk D. A. Soyama H. Mordyuk B. N. Dzhemelinskyi V. V. Martinez S. Khripta N. 1. Lamikiz 28

A.

Mechanical Surface Treatments of AISI 304 Stainless Steel: Effects on Surface Microrelief, 2019

Residual Stress, and Microstructure

Journal of Materials Engineering and Performance 5307 5322
DOl

10.1007/s11665-019-04273-y

Al- Turaihi Ali Mehmanparast Ali Brennan Feargal Soyama Hitoshi 1

Cavitation shotless peening effects on fatigue crack growth behaviour under bending loads 2019

Material Design & Processing Communications 1-16
DOl

10.1002/mdp2.88

Soyama Hitoshi 611

Improvement of Fatigue Strength of Additive Manufactured Metals by Solid-Liquid-Gas Interfacial 2019

Phenomena Induced by Pulse Laser

I0P Conference Series: Materials Science and Engineering 012002-1 9
DOl

10.1088/1757-899X/611/1/012002

Soyama Hitoshi 1

Fundamentals and Applications of Cavitation Peening Comparing with Shot Peening and Laser 2019

Peening

Proceedings of the 1st International Conference on Advanced Surface Enhancement (INCASE 2019) 76 87

DOl
10.1007/978-981-15-0054-1_9




Okura Yuya Sasaki Hirotoshi Soyama Hitoshi

Effect of Mechanical Properties on Fatigue Life Enhancement of Additive Manufactured Titanium 2019

Alloy Treated by Various Peening Methods

Proceedings of the 1st International Conference on Advanced Surface Enhancement (INCASE 2019) 88 96
DOl

10.1007/978-981-15-0054-1_10

Sasaki Hirotoshi Iga Yuka Soyama Hitoshi 1

Effect of Bubble Radius on Ability of Submerged Laser Peening 2019

Proceedings of the 1st International Conference on Advanced Surface Enhancement (INCASE 2019) 283 291

DOl
10.1007/978-981-15-0054-1_29

28 6 10

67

2018

30

2018




Ti6Al4V

2018
2018
2018
Ti6Al4V
M&M2018
2018

Hitoshi Soyama

Surface Mechanics Design by Cavitation Peening Using Submerged Pulse Laser

7th International Conference on Laser Peening and Related Phenomena

2018




54

2019
Ti-6Al1-4V
54
2019
54
2019

Hitoshi Soyama

Introduction of compressive residual stress into alloy steel by cavitation peening

13th International Conference on Shot Peening

2017




Hitoshi Soyama and Fumio Takeo

Improvement of tensile fatigue strength of duralumin plate with a hole by cavitation peening using opposed cavitating jets

13th International Conference on Shot Peening

2017

Hitoshi Soyama

Introduction of Compressive Residual Stress into Alloy Tool Steel by Submerged Laser Peening Utilizing Laser Cavitation
Impact

9th International Conference on Leading Edge Manufacturing in 21st Century (LEM21)

2017

Hitoshi Soyama

Surface mechanics design of metallic materials by cavitation peening

11th International Conference on Advanced Materials & Processing

2017

2017

2017




2017

2017

53
2017

53
2017

53

2017




M&M2017

2017

Hitoshi Soyama

Effect of cavitation number on agressive intensity of a cavitatinge jet considering residual bubbles after cavitation
collapses

Ninth JSME-KSME Thermal and Fluids Engineering Conference

2017

53

2018

Ti6Al4V

53

2018




Hitoshi Soyama

Surface Mechanics Design of Metallic Materials by Cavitation Peening

30th anniversary celebration meeting and party of ASME JAPAN Section

2017

13

2018

Hitoshi Soyama

Observation of Cavitation around a Submerged Fan Jet

The 12th Pacific Rim International Conference on Water Jet Technology

2019

Hitoshi Soyama

Improvement of Fatigue Strength of Additive Manufactured Metals by Solid-Liquid-Gas Interfacial Phenomena Induced by Pulse

2019 International Conference on Advanced Material Research and Processing Technology (AMRPT2019)

2019




Hitoshi Soyama

Fundamentals and Applications of Cavitation Peening Comparing with Shot Peening and Laser Peening

1st International Conference on Advanced Surface (INCASE2019)

2019

28

2019

B)
http://www.mm.mech.tohoku.ac. jp/menul2/index5.html

https://youtu.be/BurRGrmOGQY
https://www.tohoku.ac.jp/jap;ﬁgseIZOIQIOZIaward20190212—01.html
https://ww.eng.tohoku.ac.jp/news/detail-,-id,1288_html
http://www.mm.mech.tohoku.as.jp/menulZ/indexS.htmI

https://youtu.be/BurRGrmOGQY

(lga Yuka)

(50375119) (11301)




