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I. Welcome to INCASE 2019 

 

It is my great pleasure to welcome you to the first International Conference on Advanced 

Surface Enhancement (INCASE) in Singapore. The country has seen a surge in development 

activities within the realms of surface enhancement particularly in the recent years, 

catalysed by the establishment of Advanced Remanufacturing and Technology Centre (ARTC) 

where surface enhancement is one of its core technology pillars. The application of surface 

enhancement technologies is expected to rise, along with the increase in high-value 

manufacturing due to the strong link between the two. Additive manufacturing in particular, 

posed unique set of challenges for surface enhancement such as finishing of complex 

internal channels.  

Close collaborative efforts between researchers and industry practitioners would be 

required to develop effective and innovative solutions to the new problems arising from 

advanced manufacturing requirements. The desire to forge a community of researchers and 

practitioners in the field of surface enhancement, particularly in Asia, gave the impetus to 

INCASE. We are thankful for the support from the technical committee represented by 

academics and key industry players in building this network of potential collaborators.  

Through INCASE, we hope to align research outcome with industry needs and to share novel 

ideas that would shape the future of surface enhancement. To encourage sharing of problem 

statements from the industry, an industry dialogue as well as invited lectures by industry 

were built into the programme. More than 50 companies and institutes are represented in 

the five themes covered in the conference and we are delighted to have received more than 

20 abstracts from the industry. Furthermore, we have a strong line-up of exhibitors of more 

than 20 companies from Singapore, Asia and beyond. 

This conference would not have been possible without the strong support extended by co-

organisers (Metal Finishing News (MFN) and Coventry University) as well as sponsors and 

partners. We hope that you have a pleasant and productive experience at INCASE 2019 and 

Singapore. The organising committee would be more than happy to extend our support as 

you need. We look forward to hosting you for the next three days at INCASE 2019! 

 

Sincerely yours, 

Dennise Tanoko Ardi 

Data-driven Surface Enhancement Group 

Advanced Remanufacturing and Technology Centre 

Chair (organising committee), INCASE 2019  
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Shikun Zou AVIC Beijing Aeronautical Manufacturing Technology Research 

Institute, China 
Xu Song Chinese University of Hong Kong, Hong Kong 
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III. Sponsors & Partners 

 

 

 

 

 

 

 

 

  

Gold Sponsor 

Silver Sponsors 

Partners 



  Jump to Programme Conference Book 

1st International Conference on Advanced Surface Enhancement   10 | P a g e  
 

IV. Key venues 

Welcome Session (9th Sept) 

Beer Fest Brewery 

4 Rochester Park, (S) 139215 

How better to begin a week of exciting activities 

than to have a cause for celebration? INCASE 

participants are welcome to join us for BEERFEST 

2019, where the festivities are the best way to kick-start the very first INCASE 

symposium. 

Technical sessions (10th-12th Sept) 

NTU Alumni House @ One-North 

11 Slim Barracks Rise, #06-07, (S) 138664 

The NTU Alumni House is located next to Biopolis, 

Singapore’s biomedical research and development 

hub and Fusionopolis, an epicentre of arts, 

business and technology, within walking distance from two MRT stations; Buona 

Vista and One-North.  

Conference Dinner (11th Sept) 

Marina Bay Sands 

10 Bayfront Ave, (S) 018956 

Join us for a grand banquet at Marina Bay Sands 

for the INCASE Conference Dinner. Great food 

awaits and the sleek grandeur of the ballroom 

creates the perfect atmosphere for you to expand your network and gain insights 

from attendees about Surface Enhancement. 

Site Visit (12th Sept) and Workshop (13th Sept) 

Advanced Remanufacturing and Technology Centre 

(ARTC) 

3 Cleantech Loop, #01/01 CleanTech Two, (S) 

637143 

We welcome you to the Advanced 

Remanufacturing and Technology Centre, one of Singapore's newest Research 

Institutes. Six workshops will be held throughout the day, covering topics that 

showcase current technology already in use or prospective projects that may be 

implemented in the near future. 
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Exhibitors List 

No. Company Specialisation Booth 

1 Metal Finishing 
News (MFN)  

Industrial surface finishing  B1 

2 Frohn GmbH Solutions for shot peening media   B2 

3 Rösler  Surface finishing supplier (mass finishing & shot 
blasting)  

B3 

4 Abrasive 
Engineering 

Industrial surface enhancement (with sensors) B4 

5 Freymatic AG  Industrial surface treatments B5 

6 IDI Laser  Laser processing B6 

7 Shockform Shot peening and flapper peening for aerospace B7 

8 Tohoku University  Cavitation peening development  B8 

9 Ervin Industries Supplier of abrasives for surface developments B9 

10 Ecoroll GmbH Industrial solutions for surface finishing and 
enhancement  

B10 

11 Dura-Metal Metals parts restoration and surface enhancement  B11 

12 Precision Laser 
Solutions 

Laser material processing (with automation) B12 

13 Plasma Giken Thermal spraying applications for diverse range of 
industries 

B13 

14 Tyrida 
International  

Surface enhancement via laser processing  B14 

15 Sintokogio  Surface treatments, testing and measurements B15 

16 Polytec SEA  Laser processing B16 

17 Grace Laser 
Technology 

Laser products and services for industrial and 
medical applications  

B17 

18 Progressive 
Surface 

Systems for shot-peening, abrasive grit blasting, 
thermal spray coating, and ultra high pressure 
waterjet stripping 

B18 

19 Pulstec Industrial  Product inspection and verification  B19 

20 Kunshan Carthing R&D and manufacturing shot peening, peen 
forming and surface finishing machine 

B20 

21 Stresstech Process control and product quality inspection & 
verification   

B21 

22 Europe 
Technologies - 
SONATS 

Industrial surface enhancement processes and 
services  

B22 
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V-i. Programme 

Oral presentations  
Day 1 (AM) 

9:00-
9:40 

Keynote Session 1: Thomas Haubold (Rolls-Royce) 
Surface Enhancement Processes in Aeroengine Component Manufacturing 
(Room 1) 

 Session 1A Session 2A 

9:50-
10:10 

Room 1 
Paper 1 
[ID: 081] 

Yusong Meng (NMC) 
FLE - shot peening 
An Investigation of Microwave 
Sensor Application on Conventional 
Shot Peening Media Dosage Unit 

  

10:10-
10:30 

Room 1 
Paper 2 
[ID: 068] 

Yutaka Kameyama (Tokyo City 
Univ.) 
FLE - shot peening 
Microstructural changes in 
electroplated chromium coating–
substrate interfaces induced by 
shot peening 

Room 2  
Paper 1 
[ID: 089] 

Srinivasan Lakshminarayanan (NTU) 
SF - robot filleting 
Toolpath generation for robot filleting 

10:30-
10:50 

Room 1 
Paper 3 
[ID: 024] 

Cedric Pilard (Sonats) 
FLE - ultrasonic shot peening 
Ultrasonic Shot Peening on 
Commercial Aviation 

Room 2  
Paper 2 
[ID: 051] 

Yoshitomi Yamada (ISUZU Motors) 
FLE - nitride layer 
Influence of crystal structure of nitride 
compound layer on torsional fatigue 
strength of alloy steel 

     

11:10-
11:30 

Room 1 
Paper 12 
[ID: 041] 

Van Bo Nguyen (IHPC) 
FLE - shot peening 
Process Model for Evaluating the 
Peen Velocity in Shot Peening 
Machine 

Room 2  
Paper 3 
[ID: 075] 

Pietro Magarò (Univ. della Calabria) 
PV&MC - cold spray 
Influence of deposition parameters on 
mechanical properties and tribological 
behavior of Stellite-6 coatings obtained 
by cold gas dynamic spray 

11:30-
11:50 

Room 1 
Paper 5 
[ID: 010] 

Mario Guagliano (Politenico Di 
Milano) 
FLE - shot peening  
Shot peening simulation aimed at 
surface finishing assessment 

Room 2  
Paper 4 
[ID: 012] 

Zhiqian Zhang (IHPC) 
FLE - cold spray 
A Data Driven Approach for Simulating 
and Optimizing Metal Cold Spray 
Additive Manufacturing Process 

11:50-
12:10 

Room 1 
Paper 4 
[ID: 096] 

Young Sik Pyun (Sun Moon Univ.) 
FLE - UNSM  
UNSM (Ultrasonic Nanocrystal 
Surface Modification) of Metal AM 
(Additive manufacturing) to 
Improve Fatigue Strength and Wear 
& Friction Property 

Room 2  
Paper 5 
[ID: 027] 

Elke Hombergsmeier (Airbus) 
FLE - cold spray 
How to realize Structural Repair by Cold 
Spraying inside the Aerospace Industry? 
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Day 1 (PM) 

13:10-
13:40 

Plenary session 1: [ID: 028] Hitoshi Soyama (Tohoku Univ.) 
Fundamentals and applications of cavitation peening comparing with shot peening and laser peening  
(Room 1) 

 Session 1B Session 2B 

13:50-
14:20 

Room 1 
Invited 1 

Yuji Kobayashi (Sintokogio) 
FLE - shot peening 
Transition of shot peening 
technology in Japanese automobile 
industry 

  

14:20-
14:40 

Room 1 
Paper 7 
[ID: 033] 

Koichiro Nambu (Toyota Technol 
Inst.) 
FLE - wetblast 
Influence of wetblast treatment on 
fatigue strength of magnesium 
alloy AZ31 

Room 2  
Paper 6 
[ID: 047] 

Punit Kumar (NTU) 
FLE - heat treatment 
Effect of the heat-treatment and surface 
treatment on the fatigue behaviour of 3D 
printed Ti-Alloy 

14:40-
15:00 

Room 1 
Paper 8 
[ID: 021] 

Michael Seitz (IAM) 
FLE - composite peening 
Mechanical Investigations on 
Composite Peened Aluminium 

Room 2  
Paper 7 
[ID: 022] 

Niroj Maharjan (ARTC)  
LP - hardening 
Effect of laser-induced microstructure in 
cavitation erosion performance of 
martensitic stainless steel 

15:00-
15:20 

Room 1 
Paper 9 
[ID: 067] 

Benjamin Levy (Arts et Metiers) 
FLE - single shot process 
Experimental study of single shot 
process: toward a surface state 
predictive tool 

Room 2  
Paper 8 
[ID: 015] 

Rui Huang (SIMTech) 
LP - machining 
A study on surface enhancement of laser 
assisted additive manufactured part 
followed by in-situ machining process 

     

15:40-
16:00 

Room 1 
Paper 10 
[ID: 018] 

Corentin Dides (IRT-M2P) 
FLE - shot peening 
Optimization of shot peening for 
titanium alloys Ti 10-2-3 in 
CONDOR project 

Room 2  
Paper 9 
[ID: 038] 

Ahmed Alghamdi (Univ. Manchester) 
LP - structuring 
Surface Structuring of Multilayer Coated 
Cutting Tool Using Nd: YVO4 nanosecond 
Laser 

16:00-
16:20 

Room 1 
Paper 11 
[ID: 088] 

Jinta Arakawa (Hiroshima Univ.) 
FLE - shot peening 
Effect of shakedown on the fatigue 
limit of ultrasonic shot peened 
steel 

Room 2  
Paper 10 
[ID: 062] 

Balasubramanian Nagarajan (SIMTech) 
LP - 3D printing 
Effect of in-situ laser remelting on the 
microstructure of SS316L fabricated by 
micro selective laser melting 

16:20-
16:40 

Room 1 
Paper 12 
[ID: 044] 

Zhe Chen (Linköping Univ.) 
FLE - shot peening 
Surface Enhancement of Two 
Nickel-based Superalloys by Shot 
Peening for Gas Turbine Disc 
Applications 

Room 2  
Paper 11 
[ID: 093] 

Marco Pacchione (Airbus) 
LP - Laser peen forming 
Laser peen forming of metallic airframe 
structures 

   

16:50-
17:00 

Quick fire poster presentation 

17:00-
18:00 

Poster Session 
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Day 2 (AM) 

9:00-
9:40 

Keynote Session 2: Minghui Hong (NUS) 
Laser Processing and Signal Diagnostics for In-situ Process Monitoring 
(Room 1) 

 Session 1C Session 2C 

9:50-
10:20 

Room 1 
Invited 2 

Domenico Furfari (Airbus) 
LP - LSP 
An Overview of the Requirements 
for Implementing Laser Shock 
Peening into Aerospace Industry 

  

10:20-
10:40 

Room 1 
Paper 1 
[ID: 074] 

Michael Fitzpatrick (Coventry Univ.)  
LP - LSP 
Laser peening for life extension in 
aerospace structural applications 

Room 2  
Paper 1 
[ID: 076] 

Yusuf Kaynak (Marmara Univ.)  
SF - surface integrity 
Surface integrity characteristics of NiTiHf 
High Temperature Shape Memory Alloys 

10:40-
11:00 

Room 1 
Paper 2 
[ID: 040] 

Hirotoshi Sasaki (Tohoku Univ.) 
LP - LSP 
Effect of Bubble Radius on Ability of 
Submerged Laser Peening 

Room 2  
Paper 2 
[ID: 077] 

Yusuf Kaynak (Marmara Univ.)  
SF - finish-milling, AM 
The effect of Finish-Milling Operation on 
Surface Characteristics of Inconel 625 
Alloy produced by Selective Laser melting 
Additive Manufacturing 

     

11:20-
11:40 

Room 1 
Paper 3 
[ID: 031] 

Norihito Shibuya (Sintokogio) 
LP - LSP 
Application of Laser Peening for 
Cold Work Steel 

Room 2  
Paper 3 
[ID: 050] 

Lei Zhang (IMRE) 
PV&MC - acoustic shearography 
Wave-based Acoustic Shearography for 
Defect Characterisation 

11:40-
12:00 

Room 1 
Paper 4 
[ID: 039] 

Ching Kiat Yong (Univ. Warwick) 
LP - LSP 
Influence of Laser Shock Peening 
(LSP) on the material properties of 
Additive Manufactured IN718 

Room 2  
Paper 4 
[ID: 008] 

Shaowei Fu (ARTC) 
PV&MC - surface inspection 
Surface Texture Evaluation On Mirror 
Finish Surface Using Patterned Area 
Illumination Method 
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Day 2 (PM) 

13:10-
13:40 

Plenary session 2: Yongxiang Hu (Shanghai Jiao Tong Univ.) 
Efficient modeling of laser peening for residual stress and shape control 
(Room 1) 

 Session 1D Session 2D 

13:50-
14:20 

Room 1 
Paper 5 
[ID: 029] 

Weifeng He (Univ. Manchester) 
LP - LSP 
Shock Wave Propagation and Residual 
Stress Distribution in 316 Stainless 
Steel Treated by Nanosecond Pulsed 
Laser with Different Spatial Energy 
Distributions 

Room 2 
Invited 3 

Janne Suoknuuti (Stresstech) 
PV&MC - strain analysis 
Improvement of component 
manufacturing, durability and failure 
analysis by quality inspection methods 

14:20-
14:40 

Room 1 
Paper 6 
[ID: 043] 

Sudhagara Rajan (Vellore Inst. of Tech.) 
LP - LSP 
A comparison of surface and sub-
surface features induced by Shot 
Peening Vs Laser Peening on a Duplex 
aged Beta Ti alloy 

Room 2  
Paper 5 
[ID: 023] 

Kai Siang Chin (ARTC)  
PV&MC - stress relaxation 
Mechanical Stress Relaxation of Surface 
Treated Nickel Based Superalloys 

14:40-
15:00 

Room 1 
Paper 7 
[ID: 080] 

Han Cheng (Shanghai Jiao Tong Univ.) 
LP - LSP 
Crack retardation of damage through 
enhanced crack closure effect induced 
by laser peening 

Room 2  
Paper 6 
[ID: 034] 

Kan Aoki (Sintokogio) 
PV&MC - shot peening, in situ RS 
Incorporation of evaluation technology 
into shot peening machine 

15:00-
15:20 

Room 1 
Paper 8 
[ID: 091] 

Jeff Dulaney (LSP Technologies) 
LP - LSP 
Preparing Laser Peening Technologies 
for Industry 4.0/Industrie 4.0 

Room 2  
Paper 7 
[ID: 045] 

Jan Nickel (TU Dortmund) 
PV&MC - hole drilling 
Influence of the Feed Rate in the 
Single-Lip Deep Hole Drilling Process on 
the Surface Integrity of Steel 
Components 

     

15:30-
16:00 

Room 1 
Invited 4 

Karsten Rottger (Ecoroll) 
FLE - DCR 
Tailored Mechanical Surface 
Enhancement 

Room 2  
Paper 8 
[ID: 058] 

Shun-lai Zang (Xi'an Jiaotong Univ.) 
PV&MC - strain analysis 
Constitutive modeling of strain rate-
dependent plasticity of titanium alloy 
over wide range of strain rates 

16:00-
16:20 

Room 1 
Paper 9 
[ID: 086] 

Chenyao Cao (Titech) 
FLE - burnishing 
Influence of Burnishing Process on 
Microstructure and Corrosion 
Properties of Mg Alloy AZ31 

Room 2  
Paper 9 
[ID: 078] 

Alexander Korsunsky (Univ. Oxford) 
PV&MC - RS analysis 
Residual stresses analysis in rolled and 
machined nickel alloy plates by 
synchrotron X-ray diffraction and 3D 
eigenstrain analysis 

16:20-
16:40 

Room 1 
Paper 10 
[ID: 005] 

Mehmet Okan Gortan (Hacettepe 
Univ.) 
FLE - Deep rolling 
Measurement of Residual Stresses on 
Deep Rolled Round Aluminum Samples 
Using Hole Drilling Strain Gage Method 

Room 2  
Paper 10 
[ID: 073] 

Jeferson Araujo de Oliveria (StressMap, 
Open Univ.) 
PV&MC - RS mapping 
Residual stress mapping in a Ti-6Al-4V 
WAAM additive manufactured block 
after single-pass mechanical rolling 

     

17:00-
17:50 

Industry Dialogue 
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Day 3 

9:00-
9:40 

Keynote Session 3: Takashi Sato (IHI) 
Surface finishing techniques for EBM-manufactured Ti-6Al-4V components 
(Room 1) 

 Session 1E Session 2E 

9:50-
10:20 

Room 1 
Invited 5 

Sebastian Schuberth (Rosler) 
SF - AM post processing 
The challenges of finishing additive 
manufactured parts 

Room 2  
Paper 1 
[ID: 019] 

Hongfei Liu (IMRE) 
FLE - hammer peening 
Effect of robotic hammer peening on 
crystal orientations and 
microstructures of EDM wire cutting 
deformed surface layer of single-crystal 
Ni-based superalloy 

10:20-
10:40 

Room 1 
Paper 1 
[ID: 066] 

Wolfgang Hansal (Hirtenberger) 
SF - AM post processing 
Adequate industrial post-processing 
for dynamically loaded 3D-printed 
metal parts 

Room 2  
Paper 2 
[ID: 035] 

Peter Sticht (TU Darmstadt) 
FLE - hammer peening 
Effects of machine hammer peened 
surface textures on the tribological 
behavior of stamping tools 

10:40-
11:00 

Room 1 
Paper 2 
[ID: 072] 

Arun Prasanth Nagalingam (NTU) 
SF - cavitation finishing 
Effects of Combined Wear 
Mechanisms in Internal Surface 
Finishing using Controlled 
Hydrodynamic Cavitation Abrasive 
Finishing Process 

Room 2  
Paper 3 
[ID: 054] 

Leonor Neto (Cranfield Univ.) 
FLE - hammer peening 
Mechanical Properties Enhancement of 
Additve Manufactured Ti-6Al-4V by 
Machine Hammer Peening 

     

11:20-
11:40 

Room 1 
Paper 3 
[ID: 032] 

Hiroki Mizuno (Sintokogio) 
SF - barrel finishing 
Improvement of chipping phenomena 
for crustaceous materials rouding by 
centrifugal barrel finishing 

Room 2  
Paper 4 
[ID: 036] 

Yuya Okura (Tohoku Univ.) 
FLE - various peening methods 
Effect of Mechanical Properties on 
Fatigue Life Enhancement of Additive 
Manufactured Titanium Alloy Treated 
by Various Peening Methods 

11:40-
12:00 

Room 1 
Paper 4 
[ID: 009] 

Cary Kenny Turangan (IHPC) 
SF - stream finishing 
Development of rheology and 
computational flow model for 
robotized external finishing of 
additive manufactured components 

Room 2  
Paper 5 
[ID: 006] 

Wai Luen Chan (Rolls-Royce) 
FLE - vibro peening 
Parametric study of fixtured 
vibropeening 

12:00-
12:20 

Room 1 
Paper 5 
[ID: 095] 

David Soldan (Rosler) 
SF – Surf-Finishing 
Directional single part process with 
Mass Finishing 

Room 2  
Paper 6 
[ID: 042] 

Xu Song (SIMTech) 
FLE - cold spray 
Bonding Strength Improvement 
through Numerical Simulation of 
Particle Impact Process during Metal 
Cold Spray 

 

*  Fatigue Life Enhancement (FLE) 

Product Verification and Material Characterisation (PV&MC) 

Surface Finishing (SF) 

Laser Process (LP) 

 Each category includes Industrie 4.0 (I4.0)  
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Poster presentations 
ID Author Organisation Title Topic 

087  Yukui Gao Tongji University 
Investigation on theoretical analysis of residual 
stress distribution induced by shot peening in 2397 
Aluminum-Lithium alloy 

Fatigue Life 
Enhancement 

016  Kumar Balan Ervin Industries 
Performance characteristics using SS grit in place of 
AlOx 

Fatigue Life 
Enhancement 

017  

Brian 
McGillivray 

Ervin Industries 
Vibratory Peening and its impact on commonly used 
components 

Fatigue Life 
Enhancement 

052  Jeffrey Hu ARTC 
Deep Cold Rolling and Residual Stress Distribution: A 
Case Study of Ti-alloy 

Fatigue Life 
Enhancement 

055  Hongfei Liu IMRE 

Structural evolutions of single-crystal Ni-superalloys 
with and without EDM-deformed surface layers 
upon robotic hammer peening: A combination of 
XRD and EBSD investigations 

Fatigue Life 
Enhancement 

064  Haiyang Lu 
Shandong 
University 

Tangential functional gradient coating design for 
complex profile workpieces with erosion 
enhancement 

Fatigue Life 
Enhancement 

013  

Sabeur 
Msolli 

IHPC 
An Automated Deposition Procedure for Cold Spray 
Additive Manufacturing Process Modelling based on 
Finite Element Simulation 

Fatigue Life 
Enhancement 

097  

Young Sik 
Pyun 

Sun Moon 
University 

An Application of Portable UNSM (Ultrasonic 
Nanocrystal Surface Modification) System for 
Welded Joints and Maintenance 

Fatigue Life 
Enhancement 

079  

Basil 
Kuriachen 

National Institute 
of Technology 
Mizoram 

Sliding Behavior of Secondary Phase SiC Embedded 
Alloyed Layer Doped Ti6Al4V Surfaces Ensuing 
Electro Discharge Machining 

PV&MC 

083  

Dennise 
Tanoko Ardi 

ARTC 
Microstructures and Fatigue Performance of Direct 
Metal Laser Sintered Inconel 718 Following Post 
Processing Heat Treatment and Shot Peening 

PV&MC 

025  Sho Itoh ARTC 
In situ measurement of granular pressure and 
velocity on component surfaces in stream finishing 

Surface 
Finishing 

061  

Adri Abu 
Bakar 

ARTC 
Effect of Abrasive Grit Size and Internal Diameter in 
AFM of EBM printed surface 

Surface 
Finishing 

020  Feng Xiaotai 
Air Force 
Engineering 
University 

Study on Mechanism of Life Extension of Titanium 
Alloy Hole Subjected to Laser Shock Peening 

Laser 
Processes 

026  

Zhou 
Liucheng 

Air Force 
Engineering 
University 

Effect of Laser shock peening treatments on Foreign 
Object Damage Tolerance of titanium alloy blades 

Laser 
Processes 

063  Zhiheng Hu SIMTECH 
Tailoring surface roughness of micro selective laser 
melted SS316L by in-situ laser remelting 

Laser 
Processes 

065  

Kin Keong 
Wong 

ARTC 
Effect of contour parameters on surface quality for 
Laser Powder-bed Fusion 

Laser 
Processes 

084  Xiangfan Nie 
Air Force 
Engineering 
University 

Numerical simulation and residual stress distribution 
of laser-peened titanium alloy aerofoil subjected to 
foreign object damage 

Laser 
Processes 
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Surface Enhancement Processes in Aeroengine Component 

Manufacturing 

Thomas Haubold   

Rolls-Royce Deutschland Ltd & Co KG, Hohemarkstraße 60-7061440 Oberursel, 

Germany 

 

Special processes play a crucial role in the engineering and manufacturing of 

aeroengine components. Process characteristics are explained and examples of 

surface enhancement processes used in the manufacturing of critical aeroengine 

components such as compressor blisks and turbine discs will be given describing 

requirements as well as effects on engine performance and life. Trends, challenges 

and development needs will be discussed to ensure cost effective application of 

surface enhancement in the future.     

 

Biography. Thomas studied Material Science at the Universität 

des Saarlandes in Saarbrücken in the 80s followed by a PhD - 

Thesis on the atomic grain boundary structure of 

nanocrystalline materials.  

After a 3 years Post Doc position at the Institute for New 

Materials working on nanostructures intermetallic phases, he 

joined Rolls-Royce Deutschland in 1992. The career started at 

the Materials Laboratory with materials and manufacturing 

technology R&T as well as process control for special processes. This was followed 

by some years in operation as production lead and manufacturing engineering 

manager in the special process plant. Today Thomas holds a specialist function in 

the Manufacturing Engineering team as Engineering Associate Fellow for Special 

Process, certified Black Belt and Global Process Owner for Surface Conditioning 

processes. 
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Laser Processing and Signal Diagnostics for In-situ Process Monitoring 

Minghui Hong   

National University of Singapore, 4 Engineering Drive 3, Singapore 117583 

 

Laser processing has unique advantages as a non-contact means with flexible setup 

and high speed processing in advanced manufacturing. In the past decades, we 

have witnessed its extensive applications from academic researches to production 

lines. Combined with other advanced processing tools, laser processing’s resolution 

can even be pushed down to <50 nm, which will play a much more important role 

in next-generation nano-manufacturing. In this talk, our research progress on 

dynamic laser-materials interactions and signal diagnostics for in-situ process 

monitoring will be reviewed. How to achieve small heat affected zone (HAZ) is a key 

issue in high quality laser precision engineering in micro/nano-scales. Hybrid laser 

processing can lead to laser manufacturing of difficultly processed samples, such as 

heat sensitive and ultra-thin substrate devices. Optimization of laser-materials 

interactions can provide us novel approaches to overcome processing challenges. 

To increase laser processing speed, a few parallel (multi-beam) direct-write laser 

processing techniques are successfully developed. Meanwhile, our researches 

show that there are rich acoustic wave, electric, magnetic and optical signals being 

generated during laser processing. Fast signals’ acquisition and study of the physics 

behind the signals’ generation provide us excellent opportunities to build various 

processing parameters’ databases and achieve process real-time monitoring, which 

optimizes laser advanced manufacturing efficiency and throughput. 

 

Biography. Prof. Hong Minghui specializes in laser 

microprocessing & nanofabrication, optical engineering and 

laser applications. He has co-authored 12 book chapters, 40+ 

patents granted, and 400+ scientific papers in Nature, Chemical 

Reviews, Nature Nanotechnology, Advanced Materials, 

Advances in Optics and Photonics, Nano Letters, Light: Science 

and Applications, ACS Nano, Science Advances, Nature 

Communications, and Laser & Photonics Reviews etc. and 70+ 

plenary/keynote/invited talks in international conferences. He is a member of 

organizing committees for Laser Precision Micromachining International 

Conference (2001~2019), International Symposium of Functional Materials (2005, 

2007 and 2014), Chair of International Workshop of Plasmonics and Applications in 
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Nanotechnologies (2006), Chair of Conference on Laser Ablation (2009) and Chair 

of Asia-Pacific Near-field Optics Conference (2013 and 2019). Prof. Hong is invited 

to serve as an Editor of Light: Science and Applications, Associate Editor of Science 

China G, Editor of Laser Micro/nanoengineering, and Executive Editor-in-chief of 

Opto-Electronic Advances. Prof. Hong is Fellow of Academy of Engineering, 

Singapore (FSEng), Fellow of Optical Society of America (OSA), Fellow of 

International Society for Optics and Photonics (SPIE), and Founding Fellow and Vice 

President of International Academy of Photonics and Laser Engineering (IAPLE) and 

Fellow and Council Member of Institute of Engineers, Singapore (IES). Prof. Hong is 

currently a Full Professor and the Director of Optical Science and Engineering 

Centre (OSEC), Department of Electrical and Computer Engineering, National 

University of Singapore. He is also the Chairman of an NUS spin-off company Phaos 

Technology Pte. Ltd.   
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Surface Finishing Techniques for EBM-Manufactured Ti-6Al-4V 

Components  

Takashi Sato   

IHI Corporation, 1 Shin-nakahara-cho, Isogo-ku, Yokohama, 235-8501 Japan 

 

Surface finishing of additively manufactured components is a challenge due to 

inherent rough surface and complex geometries. This paper studies the 

comprehensive strategy to efficiently obtain the required surface quality using 

various surface finishing techniques for Ti-6Al-4V components made by powder-

bed fusion electron beam melting (EBM). The fundamental performances of 

conventional and non-conventional surface finishing techniques for both external 

and internal surfaces are evaluated. In addition, techniques for support structure 

and powder cake removal are discussed, as they have an impact on productivity. 

 

Biography. Dr Takashi Sato studied the precision engineering at 

Utsunomiya University in Japan and obtained a PhD degree from 

the same University. The career started at Akita Prefectural 

University in Japan as an assistant professor with the 

development of a special surface finishing process called 

magneto-rheological finishing (MRF) for difficult-to-finish areas 

and materials. After 2 years, he joined Singapore Institute of 

Manufacturing Technology (SIMTech) in 2010 and led abrasive 

process team and worked on several industrial projects using the MRF, Abrasive 

Flow Machining (AFM) and Vibratory Finishing, etc. He transferred to Advanced 

Remanufacturing and Technology Centre (ARTC), Singapore in 2014, and worked 

on the research of surface finishing of additively manufactured (AM) parts using 

the AFM for aerospace application as a technical lead of surface enhancement 

group. In 2017, he joined to corporate R&D division in IHI Corporation, Japan. Today 

he holds a role as a senior researcher in application research on the post-process 

of the AM parts for aero-engine application. He has co-authored 2 book chapters, 

published 25+ papers through his career and holds several patents.  
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Fundamentals and Applications of Cavitation Peening Comparing with 

Shot Peening and Laser Peening 

Hitoshi Soyama   

Tohoku University, Aoba 6-6-01, Sendai, 980-8579 Japan 

 

In the key plenary talk, fundamental and application of cavitation peening will be 

presented comparing with shot peening and laser peening in the view point of 

improvement of fatigue strength of metallic materials. Normally, cavitation is 

harmful phenomenon for hydraulic machineries such as pumps and valves, as 

cavitation causes severe impact at cavitation bubble collapse. However, the impact 

can be utilized for the mechanical surface treatment of metallic materials as same 

way as shot peening. The peening using cavitation impact is named as “cavitation 

peening” or “cavitation shotless peening”, as shots are not required. At the 

presentation, the concepts and key factors on cavitation peening using a 

submerged water jet was revealed experimentally. The difference on improvement 

of fatigue strength of stainless steel treated by was demonstrated by using a plane 

bending fatigue test. The distribution of compressive residuals stress introduced by 

cavitation peening, shot peening and laser peening at constant arc height of Almen 

strip was measured by an X-ray diffraction method. The individual plastic 

deformation introduced by cavitation peening, shot peening and laser peening also 

investigated using Fry etching method.  

ID 028 

 

Biography. Prof. Hitoshi Soyama is known for his work in the 

fields of cavitation damage and practical applications of 

cavitation impact, i.e., cavitation peening. As is well known 

that cavitation impacts causes severe damage in hydraulic 

machineries, his research utilized cavitation impacts for 

enhancement of fatigue properties of metallic materials. He 

was awarded as a Fellow of American Society of Mechanical 

Engineers ASME with a recognized achievement of 

cavitation peening, a Fellow of Japanese Society of Mechanical Engineers JSME, a 

Fellow of Society of Automotive Engineers of Japan SAEJ and a honorary member 

of Water Jet Technology Society of Japan.  
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He has been working at Tohoku University since 1991 after he got his PhD from 

Tohoku University, Japan, in hydrodynamic research on scale effects of severe 

cavitation erosion. He is Director of Center for Surface Modification Engineering, 

Division of Mechanical Engineering, Tohoku University since 2001. He was 

promoted to a professor at 2003. He has co-authored 10 book chapters, 240+ 

scientific papers and 15 plenary/keynote/invited talks in international conference 

such as 1st NASA Cross Industry Innovation Summit, Space Center Houston, 2016, 

and he presented about “Using in Situ Resources for 3D manufacturing on Mars” at 

the summit.  
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Efficient Modeling of Laser Peening for Residual Stress and Shape 

Control  

Yongxiang Hu   

Shanghai Jiao Tong University, 800 Dong Chuan Rd, Shanghai 200240, China 

 

Laser peening is proposed as an effective mechanical process to improve fatigue 

resistance for components and shape panels with complex geometry in the 

aerospace industry. Modeling of laser peening process for process design is of great 

desire to reduce development time and cost for applications in high-value 

components. Modeling of laser peening process spot-by-spot is computationally 

expensive due to the long duration to capture the transient response of the 

material for each shock. To overcome high computation cost, eigenstrain has been 

developed to predict the effect of large-scale laser peening more efficiently 

compared with previous methods. In the developed eigenstrain-based method, 

residual stress and deformation fields are analyzed elastically using the eigenstrain 

as initial strain in the model. And the eigenstrain varied by process conditions is 

inversely determined by combining experiments and simulation. Residual stresses 

on the surface with complex geometry is predicted with the eigenstrain-based 

modeling method. Furthermore, eigenmoment, derived from eigenstrain, is 

proposed to describe the bending behavior of metal plates in laser peen forming. 

To achieve process planning of laser peen forming, the distributed eigenmoment 

on two surfaces of the plates is prescribed, and a PDE-constrained optimization is 

utilized to describe the process planning problem for complex shaping. This 

optimization method is characterized by high-efficiency and wide-ranging 

versatility, which is demonstrated by saddle shaping. 

 

Biography. Dr. Yongxiang Hu specializes in laser peening. He 

received his B.S. degree in Mechanical Engineering from 

Nanjing University of Science & Technology in 2003 and 

Ph.D. degree in Mechanical Engineering from Shanghai Jiao 

Tong University (SJTU) in 2008. Then he joined as an 

assistant professor in SJTU. He has served as an associate 

professor in the School of Mechanical Engineering, Shanghai 

Jiao Tong University since 2013. And his research has 

published more than 20 journal papers and holds several patents. He will Chair of 

8th International Conference of Laser Peening & Related Phenomena in 2020.  
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Transition of Shot Peening Technology in Japanese Automobile Industry 

Yuji Kobayashi   

SINTOKOGIO, 180-1 Komaki, Ohgi-cho, Toyokawa, Aichi, 441-1205 Japan 

 

In Japan, shot peening technology has been studied and investigated around 1950. 

At that time, it seems that they learned shot peening technology by maintaining 

the equipment of the US military. Since then, shot peening has been considered 

mainly to use in the automotive industry in Japan. In particular, since the 1990s, 

shot peening has been applied to many number of parts has been increasing, and 

it has played a major role in improving the reliability of Japanese cars. 

In this talk, I report on the use of shot peening in the Japanese automobile industry 

from the viewpoint of materials and heat treatment. In addition, I will report on the 

response of shot peening process to information utilization technology such as IOT 

/ Industry 4.0, including recent cases. 

 

Biography. Dr. Yuji Kobayashi is Group Manager of 

Development Group, SURFACETEC COMPANY in 

SINTOKOGIO, LTD., Japan. After graduation of master course, 

he was employed in SINTOKOGIO. Then he has been working 

over 20 years. During this period, he is organised in 

development team. On the way, he was worked in TOYOTA 

as a guest engineer for 3 years. At that time, he learned 

carburizing process, material and specification of gear at 

TOYOTA. 

In 2013, he was received a Doctor of Engineering degree. He applied for 38 

domestic applications in 22 years of experience and 24 patents were established. 

He is a member of SAE Surface Enhancement Committee, the SAE Aerospace 

Surface Enhancement Committee and the International Scientific Committee on 

Shot Peening and also, Shot Peening Societies in Japan. These activities were 

evaluated and he was awarded a shot peening of the year in 2018 from Shot Peener 

magazine.  
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An Overview of the Requirements for Implementing Laser Shock 

Peening into Aerospace Industry  

Domenico Furfari   

Airbus Operations GmbH, Kreetslag 10, 21129 Hamburg, Germany 

 

The development of Laser Shock Peening (LSP) needs multidisciplinary skills, from 

optical to automation engineering. From the Aerospace Industry prospective the 

development of a laser system is just the first step. The capability to extend the 

fatigue live of an aircraft component and/or to slow down the crack growth should 

be demonstrated. This paper provides the minimum requirements to demonstrate 

acceptable mechanical performance after LSP, in terms of compressive residual 

stress profile and fatigue responses. Possible coupons geometries, taking into 

account the possibility to be tested in standard mechanical test laboratories are 

described. These tests alone are not sufficient for the qualification and certification 

to enter in service, but they represent a possible preliminary test campaign to prove 

minimum requirement in terms of mechanical performance. 

Robustness, repeatability and stability of the LSP process are key features to ensure 

the process effects to be predictable and repeatable, taking into account statistical 

quantification. Integration of In Process Assurance Quality indicators may be a 

solution to limit Destructive and Non Destructive serial testing during operations. 

Continuous operational peening up to 3 shifts work should be ensured without 

disruption in production. In service, the system will operate all around the world in 

various environments showing the need for supply chain reactivity. The system 

should be “easy to handle”, providing appropriate training to Third Parties to 

operate and maintain it. Finally, as part of Towards Industry 4.0, the requirements 

of an advanced fully automatized forming processes, including an embedded online 

metrology system will be presented. This includes reshaping straightening as 

necessary due to the imparted distortions resulting from partial release of residual 

stresses introduced by previous manufacturing steps of direct machining of 

aluminum integral parts from very thick plate at final temper. 
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Biography. Dr. Domenico Furfari is Technical Advisor for 

Structural Analysis at the Airbus Airframe Competence 

Centre. His professional background is structural analysis in 

the field of fatigue and damage tolerance of metallic 

airframes. He obtained his Engineering degree from the 

University of Pisa, Italy, awarded with 110/110 from the 

Aerospace department in the field of Aeronautic Structures. 

After a short stay at the University of Pisa as a research 

assistant, he moved to Cranfield University, UK, where he obtained his PhD from 

the School of Industrial and Manufacturing Science with a thesis on "Fatigue Short 

Crack Behaviour of Ti-10-2-3 Alloy for Helicopter Structural Applications". 

He joined Airbus Operations GmbH in Hamburg, Germany, in 2004 and worked in 

the repair department for fatigue and damage tolerance as Airbus Germany site 

coordinator for the EU Project (FP6). Since 2006, he has coordinated and led various 

research and technology projects at Airbus. Most projects are carried out in 

cooperation with research institutes and universities worldwide working together 

in the field of structural analysis and novel technologies for composite and metallic 

materials. His main areas of interest range from new technologies for fatigue 

enhancement of metallic material (e.g. Laser Shock Peening) to composite fastened 

joints and rivetless solutions for aircraft structural joints.   
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Improvement of Component Manufacturing, Durability and Failure 

Analysis by Quality Inspection Methods  

Janne Suoknuuti   

Stresstech Oy, FI-40800 Vaajakoski, Finland 
 

More than 35 year of experience in quality inspection, always close relationship with world 

leading car, aviation industry, research institutes and universities. Stresstech has seen the 

development of components and changes in manufacturing processes. The environmental 

demands for the lower fuel consumption, easier and faster to manufacture, faster in 

operation etc. All these factors have been the driving force to develop lighter components. 

At the same time power of engine has increased which means higher demands for 

component quality. Small defect on the component can lead to catastrophic failure for the 

operating machine or even to standing component. Typically defect is caused by designing, 

material quality, heat treatment, machining, in-proper use or inadequate service. During the 

last years understanding of materials and manufacturing processes together with computer 

calculation capabilities has enabled to understand better complete component lifetime. 

Simulations for manufacturing and stresses, testing for bending, vibrations, torsion have 

increased understanding more the importance of good design, materials and manufacturing 

processes. As well new inventions have been taken to production, like new materials and 

additive manufacturing has shown new challenges. The modern component designing 

specifies more often allowed residual stress level on component surface and subsurface 

stresses must be controlled also. We have developed together measurement technologies 

together with modern industry and in our presentation we show surface integrity 

measurement results with Barkhausen noise, X-ray diffraction and ESPI-hole drilling. 

Biography. Janne Suoknuuti, is Sales Manager at Stresstech 

headquarter in Finland. He received his M. Sc. Physics 

degree from the  University of Jyväskylä 2000 and worked as 

research scientist for nanoscience applications on low 

temperature in university of Jyväskylä and Cern, Geneva. 

Research and development scientist career continued at 

Stresstech for Barkhausen noise and X-ray diffraction 

methods. Since 2006 he has been on the sales in 

international market for world leading car, truck and aviation industry companies. 

He has got strong experience on residual stress and retained austenite 

measurements and grinding burn detection on research and development 

laboratories and production lines. Stresstech co-operates globally closely with 

several universities and research institutes. 
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Tailored Mechanical Surface Enhancement  

Karsten Röttger   

ECOROLL AG Werkzeugtechnik, Hans-Heinrich-Warnke-Straße 8, 29227 Celle, 

Germany 

 

Mechanical surface treatments, such as deep rolling or hammer peening, are 

capable to increase the operational safety of parts and reduce the amount of used 

resources. However, the process deep rolling is facing challenges driven by 

industrial trends, such as renewable energy, additive manufacturing, medical 

industry, e-mobility and industry 4.0. This presentation will give a brief overview 

about answers and solutions for these five highly important trends.  

Renewable energy: The amount of renewable energy such as wind power is 

increasing all over the world. Today´s manufacturing processes for large bearings 

in these systems are very slow and are not improving the life endurance of the 

bearings. The hybrid process turn-rolling is combining the processes hard turning 

and deep rolling into one tool. This increases the endurance of the parts by inducing 

compressive residual stresses and in addition it increases the productivity of the 

manufacturing process.  

Additive manufacturing/medical industry: The changing manufacturing chains 

driven by additive manufacturing processes will lead to a number of post-

processing operations. Especially in the medical industry, the operational safety will 

be increased by deep rolling. An increase of 5.000 % and more is possible in those 

cases.  

E-mobility: The increase of the torque by electrical engines and the important 

demand for lightweight structures is challenging the automotive industry. A new 

generation of gears will be necessary, which cannot be machined by usual 

processes. To increase the lifetime of this important part, a gear deep rolling 

process will be presented to treat the tooth and increase the fatigue life.  

Industry 4.0: An innovative digital device to measure and send rolling force data 

into the digital world will be presented at the end of the presentation. Smart tools 

and processes are important to implement the mechanical process into the cloud 

services and digital twins in future shop floors.  
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Biography. Karsten Röttger studied production engineering 

at RWTH Aachen University in Germany. After graduation he 

finished his Master thesis at the Engineering Research Center 

for Net Shape Manufacturing of Ohio State University in the 

US. Back in Germany Karsten Röttger completed his PhD at 

the Laboratory for Machine Tools and Production 

Engineering (WZL) in the area of hard turning in combination 

with hard roller burnishing. Since 2002 he is CEO of ECOROLL 

AG Werkzeugtechnik in Germany owning more than 70 patents and being the world 

market leader in tools for roller burnishing and deep rolling.  
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The Challenges of Finishing Additive Manufactured Parts (AM Solutions 

– A Brand of the Rösler Group) 

Sebastian Schuberth, David Soldan   

Rösler Oberflächentechnik GmbH, Vorstadt 1, 96190 Untermerzbach, Germany 

 

Additive manufacturing (AM) is one of the key technologies to enable new 

possibilities in terms of design and efficiency and widen our horizon to tackle tasks 

that seemed impossible to reach. At the beginning of this development many 

supplier of this technology promoted that parts, which were manufactured 

additive, are directly ready to use and accomplish the same tasks as their 

conventional produced twins. Time and further development showed us the 

opposite and propositions from the past were refuted. 

Next to design and geometry optimization, quality and structure of the surface 

figured out to be a key factor for applying AM in the industry, not only for high 

sophisticated parts, but also for mass production. This for post processing is 

mandatory to reach the requirements and evolve the entirely functional potential. 

For developing a high quality surface, it is not enough just to highlight the post-

processing step. It is also crucial and a monetary aspect to put design phase and 

pre-processing into account, because the surface result is strongly affected by the 

layout and parameters of the AM build job, as well as the geometry. 

Therefore, all steps must be coordinated with each other and the best position and 

orientation of the work piece needs to be found in the building space of the printer 

to generate as few support structures as possible. As well as the geometry must be 

adapted to the post processing so all major functional areas are processed and lead 

to a significant enhancement in surface quality, in terms of the multiple surface 

roughness value, fatigue life enhancement and more. 

Biography. Sebastian Schuberth is Sales Engineer Mass 

Finishing Machines in Rösler. He received B.Sc. in Industrial 

Engineering, and Rösler employment since 

2018. 

 

Biography. David Soldan is Sales Manager 

Mass Finishing Export in Rösler. He studied 

business administration, and Rösler employment since 2001. 
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Measurement of Residual Stresses on Deep Rolled Round Aluminum 

Samples Using Hole Drilling Strain Gage Method 

Mehmet Okan Görtan1, Berkay Yüksel1, Bilsay Sümer1 

1. Hacettepe University, Ankara 06800, Turkey 

 

Deep rolling is an established process to induce plastic deformation on the sur-face 

of engineering parts. As a result, a cold worked surface and a compressive layer of 

residual stresses are generated in subsurface regions. Thus, strength can be 

increased. Although deep rolling is mostly applied to axisymmetric parts with 

comparatively low diameters, effect of process parameters on induced stresses are 

usually investigated on flat surfaces. However, different residual stress profiles are 

expected in depth direction in flat and cylindrical parts. In the current study, 

residual stresses induced in deep rolled round EN AW-6082 aluminum samples with 

a diameter of 14 mm were measured using hole-drilling strain-gage method. Hole 

drilling calibration matrices were derived using finite element simulations. These 

matrices were compared with the ones used for flat specimens. Evaluated residual 

stress profiles by using these matrices were compared for both a flat workpiece 

and cylindrical workpiece. 

ID 005  
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Parametric Study of Fixtured Vibropeening 

Wai Luen Chan1,2, Kunal Ahluwalia2, Abhay Gopinath1 

1. Rolls-Royce Singapore Pte. Ltd., Singapore 797565 

2. Advanced Remanufacturing and Technology Centre, A*STAR, Singapore 637143 

 

Vibropeening is a surface treatment process, which combines the peening effect of 

introducing residual stress with the polishing effect of reducing surface roughness 

in one single process step. Vibropeening equipment induces vibrations into the 

media to impart residual compressive stresses in sub-surface layers, as well as 

polishing on the surface of the work piece. In addition to process parameters, such 

as vibration frequency, amplitude, and media mass, which are well known in 

literature, this paper will focus on the study of two additional parameters: 

immersion depth and process time. It was found that the lower-middle section of 

the vibratory trough produced the highest Almen deflection. Different continuous 

treatment times were also studied to explore the maximum introducible residual 

compressive stress state, and it was concluded that an optimal time range is 

required to achieve the best residual stress profile. The study demonstrates that 

different process parameters can influence the effectiveness of the vibropeening 

process, and that these can be potentially optimized for higher treatment 

capability. 

ID 006 
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Surface Texture Evaluation on Mirror Finish Surface Using Patterned 

Area Illumination Method 

Shaowei Fu1, Fang Cheng1, Tegoeh Tjahjowidodo2 

1. Advanced Remanufacturing and Technology Centre, A*STAR, Singapore 637143 

2. School of Mechanical and Aerospace Engineering, Nanyang Technological 

University, Singapore 639798 

 

Mirror finish surface products are widely used in many industries such as 

aerospace, optics, semiconductor and biomedical device manufacturing. The 

surface texture of mirror finish products is usually measured by off-line instruments 

such as coherence scanning or phase shifting interferometers. However, most 

commercial interferometers are expensive and must be operated in a clean and 

vibration-free laboratory environment. In order to achieve both in-situ surface 

quality control and automated tool changing for the polishing process, fast and 

non-contact surface texture measurement are required. To address these in-situ 

measurement challenges, a surface texture measuring system based on fringe 

pattern illumination method is proposed in this paper. By analyzing the luminance 

contrast ratio of the fringe pattern reflection image and comparing to the 

measurement results from the referenced coherence scanning interferometer, the 

experimental results showed that the proposed system was able to measure 

different mirror finish surfaces with Sa and Sq values in the range of 15 nm to 120 

nm and 30 nm to 160 nm respectively. In addition, the luminance contrast ratio was 

also correlated with directions of the machining marks and the projected fringes at 

different measurement angles. The surface texture aspect ratio parameter Str 

which provides information about the strength of the machining marks was 

experimentally evaluated and compared with luminance contrast change. In 

conclusion, the proposed measuring system was able to measure surface texture 

with a relative error less than 10% at measurement angle between 20° to 160°, and 

indicate machining pattern effects on the mirror finish surface. 

ID 008 
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Development of Rheology and Computational Flow Model for 

Robotized External Finishing of Additively Manufactured Components 

Cary Kenny Turangan1, Stephen Wan1, Sho Itoh2, Jeremy Ho2 

1. Institute of High-Performance Computing, A*STAR, Singapore 138632 

2. Advanced Remanufacturing and Technology Centre, A*STAR, Singapore 637143 

 

Surfaces of additive manufactured (AM) components particularly those having 

complex geometries are often very rough that they require a proper finishing 

before they can be put into service. Loose abrasive mass finishing techniques (e.g. 

vibratory finishing), although are capable of volume polishing of AM components, 

the goal of uniform polishing remains a challenge. Stream finishing (e.g. robotized 

mass flow finishing (RMFF)) is not only capable of grinding but also offers lapping 

and polishing of AM components, having advantages of larger material removal 

rates and controllable toolpath. The objective of our work is to develop a capability 

in modelling and simulation of RMFF through semi quantitative prediction via 

computational fluid dynamics (CFD) simulations of local stock removal distribution 

to guide robotic toolpath for more uniform polishing. The numerical scheme 

implemented here couples the granular flow field (in which the work piece is 

immersed) with the material removal model by solving the granular flow using a 

continuum-based method even though the polishing media is made of granular 

particles of finite sizes because discrete element method (DEM) is not yet feasible 

on industrial scales. For the rheology model, the media viscosity is given by 𝜂 =
𝜇(𝐼)𝑃

|𝛾𝑖𝑗|
, where μ(I) is a variable that is a function of inertial number I, P is pressure and 

|𝛾𝑖𝑗| is the strain rate. For the material removal model, the wear depth can be 

approximated from ℎ ≈
𝑘𝑠𝑝𝑔𝑣𝑠

𝐻
𝑡 , where 𝑘𝑠  is wear coefficient, 𝑝𝑔  is granular 

pressure, 𝑣𝑠 is media sliding velocity, H is material hardness and t is time. These 

models are incorporated into the flow solver as a user-defined function (UDF). 

Before being applied to AM components with complex geometries, the model is 

calibrated by comparing the granular pressure and sliding velocity with those 

recorded in the experiments of simple work pieces. 
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After a long period of pioneering works, finite element simulations are becoming a 

practical tool to assess the results of a shot peening treatment on metal parts of 

structural interest, also at industrial level. Many models based on different 

simulation assumptions and simplifications, with a different level of similarity with 

respect of the real process, have been proposed. These tools showed the ability to 

give useful information about the process, helping in fixing the best shot peening 

parameters with resect of the application and the target material. 

However, the great majority of these approaches are focused on the determination 

of residual stresses, while just few consider, and not systemically, the final surface 

morphology of the treated surface, even if the importance of surface finishing in 

many practical applications cannot be neglected.  

Aim of the present contribution is to develop a shot peening model able to catch 

not only the residual stresses but also the final surface state. The development of 

the models is described in detail as well as the post-processing needed to filter the 

FE results. 

Finally, some practical example is shown and critically commented in the light of 

the comparison with experimental results.  
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As a powder-based additive manufacturing (AM) process, Cold Spray (CS) is very 

attractive for applications including rapidly repairing damaged components, 

building freeform structures and creating functional coatings. The metal CS process 

forms the coating and builds the component by using high pressure supersonic gas 

flow to accelerate the powder particles to the desired, so-called, critical velocity for 

bonding. The critical velocity for bonding differs for different powder-substrate 

material combinations, leading to different optimal process parameters including 

pressure, gas pre-heated temperature, nozzle type, etc.  

A validated and integrated multiphysics, multiscale computational model for metal 

CS AM process is employed, consisting of a multiphase CFD model for supersonic 

gas flow characterising the trajectory of the powder particles and a FEM model to 

simulate bonding with single particle impact at the continuum scale. The 

computational model is employed to generate large data sets of critical velocity for 

successful bonding with the highest deposition efficiency for different powder-

substrate material systems, and to establish the correlations to CS process 

parameters. These data sets serve as input for a machine learning toolbox to 

correlate the material input to the optimal process parameters. Hence, for a new 

powder-substrate material combination, the optimal process parameters are 

efficiently predicted with a data driven approach and with minimum simulation and 

experimental efforts. The developed platform is also able to address the influence 

of uncertainties in the CS process, such as material constitutive parameters, 

substrate surface residual stresses, and powder size variation. Experimental data is 

also generated at select data points to validate the prediction of the platform and 

to serve as key inputs to the machine learning toolbox. 

ID 012 

  



  Jump to Programme Conference Book 

1st International Conference on Advanced Surface Enhancement   46 | P a g e  
 

An Automated Deposition Procedure for Cold Spray Additive 

Manufacturing Process Modelling based on Finite Element Simulation  

Sabeur Msolli1, Zhiqian Zhang1, Junyan Guo1, Sridhar Narayanaswamy1, Reddy Chilla 

Damodara1, Zhang Zheng2, Ji Sheng Pan2, Boon Hee Tan3, Qizhong Loi3 

1. Institute of High-Performance Computing, A*STAR, Singapore 138632 

2. Institute of Materials Research and Engineering, A*STAR, Singapore 138634 

3. Advanced Remanufacturing and Technology Centre, A*STAR, Singapore 637143 

 

Cold Spray (CS) is one of the technologies dedicated to obtaining a high-quality 

functional coating, by depositing materials at low temperature. Among the 

commonly used modelling techniques of CS process, the Eulerian numerical 

approach has been adopted for solving large deformation dynamic problems, 

especially those involving high speed impact. A key concern in CS modelling, is the 

exorbitant computational costs. Besides, the introduction of new DoF in case of 

heat transfer, makes the modelling framework even more complex and time 

consuming.  

To overcome the limitation of the computational time and to obtain a good 

accuracy for the numerical predictions, an Automated Deposition Procedure (ADP) 

has been constructed and implemented in the FEM Abaqus coating model. The ADP 

consists of a layer-by-layer build-up of the coating. The coating is assumed to have 

the same thermomechanical characteristics as the deposited particles by importing 

the field quantities from one-time Eulerian simulation of the CS process. To achieve 

this objective, some techniques have been used: (1) a Python script programmed 

to extract stress, plastic strain, void fraction, and temperature from the one-time 

Eulerian simulation. The Python script has also been used for averaging these 

variables. The gauge length for averaging by different methods are considered (2) 

The thermomechanical fields are then exported, and injected as initial predefined 

fields into the new coating model. To appropriately distribute the fields, two 

subroutines are coded and implemented in Abaqus to determine how the stress 

and the equivalent plastic strain evolve with the coating deposition (3) The coating 

has been built-up with a layer-by-layer procedure, using a model change during the 

finite element simulation. The model change consists of deactivating the layer finite 

elements, and activating them at the moment of the layer deposition. This entire 

numerical framework forms the main lines of the ADP 
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In this study, the fatigue life of AISI 4340 subjected to shot peening (SP), ultrasonic 

nanocrystal surface modification (UNSM) and the combination of SP + UNSM was 

systematically investigated using a rotary bending fatigue (RBF) tester at different 

stress levels. The purpose of combining SP and UNSM is to find out whether SP 

following UNSM can further enhance the fatigue life of AISI 4340 in comparison 

with the SP and UNSM alone. Interestingly, the fatigue strength of AISI 4340 was 

deteriorated by the combination of SP + UNSM in comparison with the UNSM 

alone, but the combination of SP + UNSM demonstrated a higher fatigue strength 

in comparison with the SP alone. The fatigue life enhancement of AISI 4340 

subjected to SP, UNSM and SP + UNSM is mainly attributed to the induced 

compressive residual stress and grain size refinement. Moreover, the fatigue life of 

AISI 4340 was discussed based on in-depth microstructural characterization and 

fractrography. 
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Hybrid additive manufacturing (AM) has been developed to satisfy complex and 

customized industrial requirements, for e.g., repairing and maintenance. In this 

work, a laser-based directed energy deposition (DED) technology is combined with 

an in-situ 5-axis machining system. Unique configuration of three co-axial laser 

beams were re-focused to one spot, that enables a center-fed wire DED process, to 

avoid uncertainty associated with side-feeding. Using machining as post-processes, 

both the surface finish and geometrical accuracy improved significantly. Thermal 

residual stress generated during cooling was effectively alleviated. Also, the 

compressive stress induced by machining results in grain boundary strengthening 

through grain refinement at top surface. 
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Introduction. Aluminum oxide is the most common media used for grit blasting 

aircraft and other components prior to applying different coatings such as plasma 

or thermal spray. Aluminum oxide (and Silicon Carbide) are highly abrasive in 

nature and create an etch on the component that they impact, almost always with 

a blast nozzle. The surface finish (roughness) on the component being grit blasted 

relies on several process parameters, but primarily the air pressure. Higher the 

pressure, rougher the etch (surface finish), and greater the media breakdown. With 

attrition rates greater than 10%, and exponential at higher pressures, it makes 

sense to look at alternatives for this process. One such viable alternative is stainless 

steel grit. 

Objectives. To assess the viability of SS grit over Aluminum Oxide by quantifying its 

operational and performance characteristics. 

Methodology. Tests are conducted in a closed-circuit, manual airblast cabinet 

• Historical, field data pertaining to the use of AlOx is compared with SS grit under 

similar operating conditions (nozzle, air pressure and adjusted media flow with 

consideration to difference in specific weights) 

• Study of surface roughness of samples blasted with both media types with specific 

reference to breakdown rate and media embedment / contamination 

• Analyze economics of operation using both media types for the same application 

(example: Aircraft engine blade) 

Results & Analysis. At the point of submitting this abstract, tests are ongoing. 

Results will be submitted with the final paper and expected to address the 

following: 

1.Typical range of finishes achieved with AlOx, along with corresponding operating 

parameters and compare it with SS Grit 

2.‘Optimum’ operating parameters for different finishes, and consistency 

3. Operating economics 
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Objectives. To compare the fatigue life of two common components – aircraft 

engine fan blade and planetary transmission gear processed in a conventional shot 

peening process and vibratory peening. 

Methodology.  

• The components are selected based on their commonly specified intensity values 

(translated to compressive stress). The range chosen is between 6 to 10A.  

• The components will be shot peened using S-110 in a conventional, airblast 

peening process.  

• An identical set of components will be processed using vibratory peening to an 

identical intensity range.  

• The residual stress generated will be compared using X-Ray Diffraction. 

• Process parameters in the vibratory peening process will be varied to generate a 

second set of intensity values between 10-12A, and the resulting compressive 

stress will be calculated. 

Results & Analysis. Several tests have already been carried out by vibratory peening 

test coupons and Almen strips under varying parameters. The results obtained 

(amplitude of vibration, time/frequency of vibration, coolant rate, fixture design 

and part location) will be utilized to characterize results using actual test parts listed 

above. 

1. Fatigue tests will be performed to identify the intensity with the vibratory 

peening process at which the compressive residual stress (magnitude) is similar to 

that generated by conventional peening. 

2. Demonstrate the applicability of vibratory peening for certain component 

families that normally encounter low cycle fatigue. 

ID 017 

  



  Jump to Programme Conference Book 

1st International Conference on Advanced Surface Enhancement   51 | P a g e  
 

Optimization of Shot Peening for Titanium Alloys Ti 10-2-3 in CONDOR 

Project 

Corentin Dides1, Thomas Billot2, Nicolas Guillemot3 

1. IRT-M2P, 4 Rue Augustin Fresnel 57000 Metz 

2. Safran Landing Systems, 9 Rue Guynemer, 64400 Bidos 

3. Airbus Helicopters, Aéroport International Marseille-Provence 13725 Marignane 

 

CONDOR is an R&D project lead by IRT-M2P with different industrial partnership to 

increase knowledge and simulation models of shot peening. This surface hardening 

process aim to throw different shot with high velocity on metallic surfaces to 

introduce compressive stresses on it. Shot peened pieces’ fatigue lifetime is 

significantly enhancing. During this research project a DoE has been carried out to 

optimize shot peening’s parameters on titanium alloys: surface roughness before 

shot peening, size and shot’s hardness, covering and intensity. The DoE is 

composed by more than 300 fatigue specimens to be able to determine parameters 

with the most influence on fatigue life time. All this data allows us to define 

specifically each shot peening parameter influence on shot penned pieces’ 

efficiency. CONDOR project allows simulation development of models to simulate 

shot peening effect by taking into account the parameters introduced above. Those 

models are used to evaluate residual stress level and fatigue lifetime after shot 

peening and to confirm models readiness level. This study has defined optimized 

machining and shot peening conditions to improve pieces’ fatigue lifetime. 
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Mechanical surface peening of metal alloys has long been investigated and applied 

to enhance metal fatigue performance via morphological, structural, and/or 

microstructural tuning the surface/subsurface layers. When compared to shot- 

and/or laser shock-peening techniques, the investigation on robotic hammer 

peening (RHP) is relatively less in the literature although RHP has some 

fundamental advantages, e.g., more reliable, repeatable, and programmable, 

driven by the ever-increasing rapidly development of automations and robotics 

with precisely sensing and control. On the other hand, single-crystal Ni-superalloy 

has long been developed and applied in fabricating turbine blades that can work at 

higher temperatures to increase the turbine efficiency. As machined and/or 

repaired (e.g., by welding) surfaces usually have a thin layer that has deformed 

morphological, structural, and/or microstructural properties from those of the 

single-crystal bulk. RHP is a useful surface finishing process to reduce the roughness 

of such surface thin layers in advanced manufacturing and remanufacturing of 

metal alloys. In this work, we have carried out RHP processing on coupons of single-

crystal Ni-superalloy. These circular coupons, about 2.3-mm thick and 20-mm 

diameter, were cut by electrical discharging machining (EDM) with their surface 

normal directions aligned in the vicinity of [100]-axis. High-resolution X-ray 

diffraction (HRXRD) and two-dimensional X-ray diffraction (2DXRD) showed that a 

deformed layer dominated by [111]-oriented textures has been induced by the 

EDM cutting on the surface of the single-crystal Ni-superalloy coupons. Our results 

revealed that the RHP process can significantly improve the localized surface 

roughness of the deformed layer while the overall surface roughness improvement 

is largely dependent on the RHP parameters. The [111]-oriented texture structures 

are, more or less, converted to the [100]-oriented ones by the RHP process. The 

mechanism of the orientation changes as well as its related microstructural 

evolutions induced by the RHP process will be presented and discussed. 
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This paper studies the mechanism of double-sided laser shock peening (LSP) for 

improving the fatigue properties of TC4 titanium alloy holed specimens. The 

roughness, microhardness and residual stress in hole edges are tested before and 

after LSP treatment, and the microstructure of the untreated and peened hole 

edges is observed by transmission electron microscopy (TEM). Meanwhile, 

scanning electron microscopy (SEM) is utilized to observe the fatigue cracks. The 

results show that the LSP process can improve the surface microhardness without 

affecting the surface roughness of material. The fatigue life of holes is increased by 

6.99%~60.96% after the LSP treatment. Due to the stress concentration effect of 

the hole structure, the stress relaxation is high near the hole edges, while low at 

sites away from the hole edges. The high density dislocation, nanocrystalline and 

effective residual compressive stress field (approximately -500 MPa) introduced by 

LSP are the main contributors to the improved fatigue life of holes. 
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Composite peening describes a novel approach based on the micro peening 

process. By composite peening, particles can be introduced into near-surface 

regions of metallic base materials. The proportion of the reinforcement phase 

decreases gradually with increasing distance to the surface. These so-called 

Functionally Graded Metal Matrix Composites (FGMMC) are characterised by a 

multitude of different characteristics, such as material combination, particle 

density, particle gradient and particle size, and a resulting broad range of 

properties. The composite material produced by this method promises a high 

application potential for lightweight, wear resistant and cyclically stressed 

structural components. 

EN AW 1050 was selected as matrix material and alumina as abrasive respectively 

reinforcement material. Additional abrasives such as silicon carbide and tung-sten 

carbide were also investigated. By varying the process parameters, such as 

temperature and pressure, the influence on the particle density and the particle 

gradient was evaluated. Penetration depths up to 30 µm could be observed at high 

homologous temperatures. The peening process might cause open structures near 

the surface, the sample were subsequently deep rolled. In addition, this process 

reduces the surface roughness. 

Ensuing mechanical characterisation focused on bending tests. An increase in the 

flexural strength of the composite material compared to the base material could 

be observed. 
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Cavitation erosion causes material removal from the surface of metal components 

submerged under swift flowing fluid due to implosions of gas bubbles on their 

surface. Since erosion is a surface degradation phenomenon, laser surface 

hardening can be a promising solution to tackle this problem without affecting the 

bulk properties of material. Laser acts as a localized surface heater which induces 

rapid non-equilibrium phase transformation and produces hard microstructure 

near the surface. In this paper, the effect of laser-induced microstructure on 

cavitation erosion performance of AISI 420 martensitic stainless steel is 

systematically investigated. Surface hardness as high as 700 HV is recorded after 

laser hardening and the microstructure consisted of fine carbides and retained 

austenite in a martensitic matrix. Such microstructure is attributed to result in high 

cavitation erosion resistance. The cavitation erosion resistance of laser hardened 

surface was found to be 18 times higher than that of untreated surface. The results 

indicate the significance of microstructural transformation induced by laser 

treatment on erosion performance of stainless steels." 
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Nickel based superalloy IN718 specimens were subjected to laser peening and shot 

peening. The residual stress and work hardening introduced by laser peening and 

shot peening were characterized using neutron diffraction method and electron 

backscattered diffraction (EBSD). A modified set up in reflective mode was utilized 

during neutron diffraction to optimize the spatial and temporal resolution to 

perform in-situ residual stress measurements at pre-determined cycle. Residual 

stress relaxation was only observed in the direction of loading while the residual 

stress in the transverse direction remained at a similar magnitude. Residual stress 

relaxation was observed to be most prominent in the first cycle of fatigue at R ratio 

= 0.1 with little stress relaxation in subsequent fatigue load cycles. Under tensile-

tensile loading, stress relaxation occurs when the superposition of tensile residual 

stress and applied loading exceeds the localized yield strength of the material. 

Stress relaxation was found to be well correlated with the magnitude of work 

hardening. Residual stress relaxation as a function of depth and number of cycles 

were also recorded to illustrate the changes of residual stress during the cyclic 

loading. 
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To date, the repair of fatigue sensitive aircraft dynamic components are 

significantly limited to the Original Equipment Manufacturers (OEM) and approved 

shot peening vendors who can duplicate the complex processes required to 

maintain airworthiness.  Our technical solution provides for the ability to re-

establish with a high process consistency the beneficial compressive residual stress 

to the surface of critical aircraft components in a field or depot environment by 

robotic device, rather than at the OEM’s location.  USP provides the capability to 

complete repairs located in areas with complex geometry or on parts too large to 

fit into a Conventional Shot Peening (CSP) booth. This will provide a shot peening 

capability at or near the field location that could significantly reduce aircraft 

downtime, reduce supply and distribution requirements, decrease stock forecast, 

and increase flight readiness. This study focuses on the comparison of the 

conventional methods and USP through residual stress, roughness measurements 

and fatigue results for automatic operations. 
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Stream finishing, one of the fast mass finishing processes that enables a material 

removal rate up to 500 μm/h, is a candidate for the post processing method for 

external surfaces of additively manufactured (AM) components. The problem here 

is non-uniform material removal (MR), which is probably caused by a conventional 

method of rotating target components 360o in a stream finishing bowl. Our plan is 

to control the component orientations and toolpath depending on each geometry. 

In order to consider the optimized toolpath, MR simulation is a promising tool. This 

study focuses on in situ measurement of process values around the target 

components, which are essential for modelling the granular flow. We measured the 

pressure and velocity on components surfaces using prototyped tools submerged 

in the stream finishing media. As a result, the measured pressure increased with 

the submersion depth, and reached 0.05 MPa at a depth of 250 mm. Regarding the 

contact angle, the pressure reached maximum in the normal direction toward 

media flow. The media motion on the surface was successfully tracked using a 

transparent container. The measured velocity reached maximum when the surface 

is parallel to media flow. Using these acquired pressure and velocity, a simple 

estimation of MR was conducted using Preston’s law, and agreed with the 

experimental result. The measured values will enable the calibration and validation 

of the simulation model, which can be used for the future toolpath prediction. 
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Foreign object damage (FOD) to aero-engine components may be caused by objects 

ingested into turbine engines. These high-speed objects may cause severe damage 

to titanium alloy blades, which will accelerate the failure of the blades, causing 

serious flight accidents. Laser shock peening (LSP) can improve the material's anti-

injury ability by improving the residual stress distribution and microstructure 

changes. The multi-field coupling stress distribution and fatigue property of laser 

shock peening and foreign object damage were studied by numerical simulation 

and experimental verification in this thesis. Numerical simulation and XRD 

experiment were conducted on the process of laser shock peening, and it shows 

that the residual compressive stress with the value of 500-600MPa was introduced 

on surface of specimen. A residual compressive stress layer of 0.5 mm was formed 

on the surface piece, and a residual compressive stress layer of 0.4 mm depth was 

formed on the side surface. After Foreign Object Damage treatment, the residual 

compressive stress around the notch of the laser shock peened specimen is 

200MPa, which is higher than that of the unenhanced specimen. And the residual 

compressive stress of laser shock is around the notch, which can prevent the 

initiation and propagation of potential crack source. A new type of thin edge 

specimen with different gap depth was designed, which studies the fatigue 

properties of damaged specimens after LSP impacts. The results showed that the 

fatigue strength of the unnotched specimen was 430MPa, and the fatigue strength 

of the 0.1mm notched specimen was 246MPa, decreased by 42%. The fatigue 

strength of 2mm notched specimen was 198MPa, which decreased by 53%. After 

LSP treatment, the fatigue strength of 2mm notched sample was 235MPa, which 

was equivalent to that of 0.1mm notched sample. LSP treatment has a significant 

impact on improving the damage tolerance of titanium alloy blades. 
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Cold spraying or supersonic particle deposition is a process suitable for non-

structural (i.e. corrosion or wear) repair of light metals or Ni-base alloys. In some 

cases, it is even sufficient for structural repair solutions. Several companies are 

providing this technology as service or through equipment supply. However, to fully 

exploit the potential of the technology it has to be used directly at the aircraft or 

helicopter without dismantling the components to be repaired. To realize this 

mobile approach, not only the mechanical properties of the repair solution have to 

be proven, but also the complete range of “Health, Safety and Environment” (HSE) 

requirements have to be fulfilled. Furthermore, software tools for efficient 

parameter optimization are needed. The paper provides a roadmap for a structural 

repair concept by use of a portable cold spray device. 
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Laser shock peening (LSP) has been widely used to improve the fatigue 

performance of metal parts. Spatial energy distribution is very important in LSP, 

which will affect the wave propagation, residual stress, surface roughness and even 

fatigue performance. Two different types of LSP devices were developed by Tyrida. 

One device launch a laser with near Gaussian energy distribution and the other 

emits a flat-top laser. In order to study the effects on shock wave and residual 

stress, 316 stainless steel specimens were treated by two kinds of laser shock 

peening equipment with different energy spatial distribution. Peak pressure and 

residual stress generated by high power density laser was tested with Photonic 

Doppler Velocity (PDV) and X-ray Diffraction (XRD) respectively. FEM models were 

set up to analyze the shock wave propagation and residual stress in 316 stainless 

steel specimens. The peak pressures from PDV were imposed on the model to 

assess the affection of different energy distributions. The shock wave propagating 

characteristics and residual stress fields were compared with experimental results. 

The comparison of the residual stresses from experiment and simulation showed 

very good agreement. The peak pressure generated by the Gaussian laser is higher 

than the flat-top one. Both of them can generate smooth transition in residual 

stress distribution when laser spots were overlapped with each other. 

Furthermore, the Gaussian laser and the flat-top one can result in similar plastic 

deformation and compressive residual stresses. 
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Forming technology using dies is utilized by various industries because of its 

reasonable price and high productivity. Cold forging technology is used in the 

automotive industry because it can make high precision products. However, die 

lifespan is a major concern because dies make up the largest proportion of 

manufacturing costs in cold forging. To improve die life, one can ensure the die’s 

exact physical properties through fundamental material development, or improve 

the die’s fatigue life through surface reforming. Laser peening technology mainly 

progressed as a technology for fatigue life improvement of aerospace parts. As a 

result, there is much literature about special materials (ex. Titanium, Inconel alloy). 

On the other hand, there is little literature about tool steel, which is used for cold 

forging and die-casting. In this study, basic research was conducted to determine 

the possibilities of laser peening as technology to improve the fatigue life of cold 

forging dies. As a result, fatigue strength improvement of JIS-SKD11 needs post-

polishing because of Roughening of surface. Besides, irregular position of 

chromium carbide inner material occurs large variation of fatigue life. 
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Introduction. Barrel finishing is a surface treatment method which has high 

productivity and low cost. Centrifugal barrel finishing is used for rounding 

crustaceous materials of electronic components such as MLCC because it can be 

controlled each lot. On the other hand, it has the highest processing power in barrel 

finishing, so chipping of  the crustaceous materials occur. Because of the chipping 

is to be defective products.  

Objectives. In this study, the behavior of the inside of the barrel tank was examined, 

and ways to reduce chipping of crustaceous materials resulting from centrifugal 

barrel finishing was considered. 

Methodology. Using a high-speed camera, the behavior of the inside of the tank 

was observed. It was found that chipping occurred, when the contents of the tank 

collided with the inside walls.  

Therefore, the main rotating axis of the centrifugal barrel was inclined vertically to 

avoid this behavior. In this case, the contents did not make sudden impact and 

instead slid smoothly along the inside wall. 

Results and analysis. The material of the specimen prepared was ceramics. The 

chipping's volume was measured to evaluate the effect of the angle of inclination. 

The main axis’ angle of inclination was changed (from fully horizontal to fully 

vertical) and the results were evaluated. 

When the main axis’ angle of inclination was θ = 45º, the chipping was significantly 

reduced. Based on these results, it was possible to optimize the main axis’ angle of 

inclination for the barrel finishing process for crustaceous materials.  
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From the viewpoint of weight reduction in transportation equipment such as 

automobiles, the use of light metals is being promoted.  Magnesium alloy is the 

lightest in practical metals, but it has the property that its strength is low. For 

improvement of fatigue strength, surface modification treatment such as shot 

peening is generally applied. Since the magnesium alloy has high reactivity with 

oxygen and may ignite, surface treatment in a dry environment like shot peening is 

difficult. In this study, we focused on wetblast process with low probability of 

ignition and examined the influence of it on fatigue strength. The fatigue strength 

of wet blasted AZ 31 showed higher results than untreated material. As this factor, 

improvement of hardness near the surface and application of compressive residual 

stress are conceivable. Also, the particles used in the wetblast process are smaller 

than the particles used in the general shot peening process. Therefore, the fact that 

the surface roughness did not change significantly was also considered to be one 

factor. From the above results, we clarified that the wet blast treatment can safely 

improve the fatigue strength of the magnesium alloy. 
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Shot peening (referred to as SP) is used in the aircraft industry and the automotive 

industry to make parts that are required for reliability, weight reduction and 

durability.  

The residual stress which is caused by SP will contributes to the improvement of 

fatigue strength. Processing conditions for SP include injection pressure, injection 

amount, injection distance, type of media, etc. The combination of these changes 

the SP strength, coverage, properties of the work piece. Generally, the 

management of SP processing is done with SP strength (intensity, arc height,).  

In this way, the operating state of the SP machine can be managed by the SP 

strength. 

However, it is difficult to manage the actual state of the product.  

In order to maintain high quality of products, evaluation by actual product is 

indispensable. In this paper, we propose a management system for SP machine 

incorporating inspection equipment. 

1. X-ray diffraction method is generally used for residual stress measurement of 

metal parts. However, the measurement time is very long and measurement in 

process is impossible. Therefore, we developed an X-ray residual stress measuring 

device that can measure stress in a short time. It is applicable to the flow of one 

flow. 

2. Since the penetration depth of X-ray is several μm, it can only measure the 

outermost surface by X-ray diffraction method. Therefore, we developed an eddy 

current nondestructive inspection system that evaluates the internal processing 

state of the whole product using eddy current measurement. Non-destructive 

internal inspection is possible. 
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Machine hammer peening (MHP) is a dynamic process to smoothen tool surfaces, 

increase hardness and introduce residual compressive stresses into the surface 

layer. Additionally, MHP can be used to apply surface textures that act as lubricant 

pockets onto tools with specifically shaped hammer heads. These surface textures 

have proven to minimize friction and decrease wear and tear of sheet metal 

forming tools. As of now, the wear behavior of these surface textures has not yet 

been investigated sufficiently in stamping processes. 

This paper focuses on the application of surface textures by MHP onto stamping 

tools used for shear cutting operations on a mechanical press. Within the 

experimental investigations, different textures are applied on the shell area of the 

stamping tools. During the cutting process, the resulting cutting force is monitored. 

Based on the force monitoring of the tools the forces are compared after 10000 

and 20000 strokes and a correlation analysis between the stroke count as well as 

wear of the stamping tool, characterized by their functional volumes is conducted. 

It is shown that MHP induced surface textures are not only capable of reducing 

wear and tear, but also that the process condition can be monitored by 

characteristic process values and inline measurements. This allows for an improved 

tool construction with adapted surface textures and, taking the correlation of the 

process monitoring data and the wear of the tools into consideration, longer and 

more plannable maintenance intervals and higher process reliability can be 

achieved. 
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Additive manufacturing (AM) of metallic materials is attractive processing for 

biomedical implants and aviation components, as complex shapes are directly 

produced from computer aided design system. However, fatigue life of AM parts 

are remarkably weak. Mechanical surface treatment such as cavitation peening, 

shot peening and laser peening can improve the fatigue life of AM parts. In the 

present paper, in order to demonstrate the fatigue life enhancement of AM parts 

by various peening methods, titanium alloy Ti6Al4V manufactured by electron 

beam melting was treated by cavitation peening, shot peening and laser peening, 

and then tested by a plane bending fatigue test. And also, in order to make clear 

mechanism on the fatigue life enhancement of AM parts, mechanical properties 

such as residual stress, yield stress and hardness were evaluated, and the 

correlation between the mechanical properties and the fatigue life was 

investigated. Note that the yield stress was evaluated by an inverse analysis using 

an indentation test. It was concluded that the fatigue life of Ti6Al4V manufactured 

by EBM was proportional to a parameter defined by residual stress, yield stress, 

surface roughness and hardness. 
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Shot peening is being applied in automotive industry to strengthen the automotive 

parts.  Many researchers have been researching for shot peening to increase the 

further strength.  Fine particle shot peening which uses the diameter of media 

below 0.2mm which can obtain further strength is applied in Japanese automotive 

industry.  

In this research, we studied the influence of the media diameter for fatigue 

strength of carburized steel, and studied the kinds of media for fatigue strength of 

carburized steel. 

 For influence of media, fine particle shot peening which used 0.05mm diameter 

media obtained higher fatigue strength than another shot peening conditions 

which used 0.3mm diameter and 0.6mm diameter.  

For influence of kinds of media, fine particle shot peening which used amorphous 

media obtained higher fatigue strength than another fine particle shot peening 

conditions which used cast steel media. 
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Micro-structuring of cutting tools surfaces using laser technology is an important 

technology for modifying the tool-chip contact phenomenon. While lasers are 

becoming popular for surface structuring and texturing of cutting tool surfaces, the 

size and the shapes that can be obtained has not been fully explored for multilayer 

coated cutting tools using Nd: YVO4 nanosecond laser. In this study, the 

micromachining of TiCN/Al2O3/Cr multilayer coated tungsten carbide tools using 

Nd: YVO4 nanosecond laser at 532 nm wavelength and 7 ns pulse width were 

undertaken. The impact of the variation of laser travel speed, power, and the 

number of passes on the width and depth of the structured grooves is described. 

The study shows that various grooves’ cross-section profiles can be produced.  The 

performance of structured cutting tools was also evaluated using the orthogonal 

cutting of steel AISI4140.   

ID 038 

 

  



  Jump to Programme Conference Book 

1st International Conference on Advanced Surface Enhancement   70 | P a g e  
 

Influence of Laser Shock Peening (LSP) on the material properties of 

Additive Manufactured IN718 

Ching Kiat Yong1, Geoff West1, Greg Gibbons1, Chow Cher Wong2 

1. Warwick Manufacturing Group (WMG), University of Warwick, United Kingdom 

2. Advanced Remanufacturing and Technology Centre, A*STAR, Singapore 637143 

 

Surface treatments such as laser shock peening (LSP) have been attempted to 

increase the usability of additive manufactured (AM) IN718. This paper investigates 

the influence of industrial LSP on IN718 manufactured by both the traditional 

wrought and AM process. The result of the mechanical properties and 

microstructure of the produced specimens, directly after the manufacturing 

process and after AMS 5663 heat treatment are presented. The LSP treated AM 

component has around 25% less compressive residual stress throughout the depth 

as compared to its wrought counterpart despite using the same LSP energy 

densities. Microstructural characterisation technique (EBSD) suggested that the 

AM IN718 has a higher stored strain energy as compared to the wrought 

components. 
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In submerged laser peening, it has been experimentally clarified that the collapse 

impact of the bubble which occurs after laser ablation is stronger than the impact 

of laser ablation itself. Moreover, the experimental results showed the arc height 

increased in proportion to the cube of the bubble development time with various 

material. Here, the arc height shows the processing capacity of peening, and the 

bubble development time is proportional to the bubble radius. Therefore, it was 

shown that the processing capacity of peening by the bubble collapse increased in 

proportion to the cube of the bubble radius. In order to clarify the effect of bubble 

radius on submerged laser peening capacity, the fluid/material two-way coupled 

numerical analysis of a hemispherical bubble on the wall surface with changing the 

bubble radius was performed. From the analysis results, the relationship between 

the bubble radius and the maximum pressure in the fluid and maximum equivalent 

stress in the material was clarified. If the ratio of internal and external pressure of 

a bubble was the same, the bubble radius had little effect on the bubble collapse 

pressure and the maximum equivalent stress in the material. However, the material 

volume of which the maximum equivalent stress exceeded the threshold of yield 

stress of the materials increased in proportional to the cube of bubble radius. 

Therefore, also in the numerical analysis, it was shown that the effect of bubble 

collapse on materials is proportion to the cube of bubble radius. 
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Peening velocity (shot velocity) is one of the key parameters in shot peening 

process, which directly related to the peening intensity and coverage area. A 

desired peening intensity and/or coverage area can be attained by controlling the 

peening velocity to the right value. However, this is a challenging task as the 

peening velocity is a function of many different variables (peening system, nozzle 

design, air pressure, media (shot) flow rate, shot size, etc.). In this study, we 

develop a process model that links the input/operating parameters of the peening 

machine to the average shot stream velocity upon impact. In particular, the 

formulation of shot stream velocity is derived as the function of input air pressure 

and shot (media) flow rate, which also accounted for the peening system and 

nature of the flow inside the system (e.g., nozzle shape, pressure loss, energy 

transfer, and turbulence, etc.). The model is validated against the experimental 

data for different inlet pressure as well as the different peen flow rates. The 

calculated results are in good agreement with experimental data. Furthermore, the 

model validity and reliability are examined for the wide range of input parameters, 

as well as the system parameters. The results indicated that the developed process 

model can be applied for different peening machines with different nozzle design 

by defining relevant model constants. There are a few key applications for the 

process model; which are (1) the model can support the operators to rapidly 

estimate and setup the working conditions of the machine to attain the desired 

peening intensity and coverage area to avoid the cost and time in doing 

experiments based on trials and errors, and (2) The model also can be used in model 

predictive control (MPC) to develop the controller for the peening machine.   
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Cold spray is an emerging additive manufacturing technique with potential 

applications in surface functionalization, bulk component production and 

restoration/repair. During the cold spray process, metallic powders are accelerated 

to supersonic velocities by the carrier gas of high pressure and temperature and 

impact on the substrate to form layers of coating through deformation-induced 

bonding.  However, the coating fabricated by this process suffers from low cohesive 

strength and weak interfacial bonding. Therefore, process optimization through 

numerical simulation is much needed. Here we report the first quantitative 

evaluation of residual stress arising from a single particle deposition in the metal 

cold spray. Micro-ring-core Focused Ion Beam–Digital Image Correlation (FIB-DIC) 

technique is employed to determine the residual stress variation experimentally, 

while finite element simulation with Johnson-Cook plasticity and dynamic failure 

model is employed to numerically predict the residual stress distribution within 

single particle, and they show good agreement with each other for different impact 

velocities. This provides a validated description of microscopic phenomena using 

numerical simulation, hence can be employed further to study the bonding 

strength of the metal cold spray coating. Through varying the impact speeds, we 

have identified the increase of the localized bonding area in a single splat is the 

determining factor for the increase of the bonding strength, and the optimal 

coating condition in term of bonding strength may arise from gradient structure. 
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The paper presents a study of the surface and subsurface characteristics induced 

by laser peening without coating (LPwC) and dual shot peening (DSP) on the duplex 

aged Ti-15V-3Al-3Cr-3Sn alloy. In 3D-optical topography analysis, DSP resulted in a 

six-fold enhancement in the surface roughness (Sa). Whereas, LPwC resulted in 

unaltered surface roughness (Sa) compared to the polished / unpeened sample. In 

cross-sectional microstructure studies, deformed grains and heat affected zones 

were observed in the near surface region of shot peened, and laser peened samples 

respectively. Moreover, compared to bulk hardness, shot peening and laser 

peening has resulted in maximum increment of ~28% and ~12% in microhardness 

of the near peened surface region respectively. 
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A more flexible way of energy generation by use of renewable powers is being 

created nowadays. The demand for more efficient gas turbines has been 

dramatically increased, and at the meantime, instead of running over a long period 

of time, gas turbines are used in a different way with an increased number of start 

and stop cycles. The operating temperature increases in modern gas turbines which 

requires enhanced temperature capability for the materials used in the hot 

sections, whilst the fatigue resistance of the turbine components needs to be 

improved, especially for those large rotating parts, such as turbine discs.  

Shot peening has been widely used to strengthen metallic materials for fatigue 

applications and prolong the fatigue life of a component by introducing beneficial 

compressive residual stresses. It may also help to modify the surface finish and 

morphology when optimized peening steps and parameters have been applied. In 

the present study, shot peening was performed on two nickel-based superalloys, 

Inconel 718 and AD 730™. The alloy Inconel 718, which is extensively used for 

turbine discs today, is not capable of withstanding high temperatures above 650 

°C, while AD 730™ was a newly developed disc alloy and exhibited good high 

temperature properties up to 750 °C. The performance of the two superalloys when 

subjected to different shot peening methods was investigated and compared. The 

residual stress on the shot-peened surface was measured by using the x-ray 

diffraction, and 3D surface mapping was conducted to obtain the surface roughness 

values. Using electron channeling contrast imaging (ECCI) and electron backscatter 

diffraction (EBSD) under a scanning electron microscope (SEM), the surface 

morphology and surface/sub-surface deformation were further thoroughly 

characterized. The findings of the study can later be used to guide the post-process 

surface treatment for high temperature and pressure gas turbine discs. 
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High strength steels like AISI 4140 are commonly used in many technical areas in 

which the mechanical properties of materials have to meet special requirements, 

for example, in the case of dynamically loaded parts. In the automotive industry 

increasing requirements due to lightweight design or energy efficiency lead to 

increasing demands on the mechanical and dynamic material strength. In response 

to this development, optimized machining processes are capable of improving the 

mechanical properties like fatigue performance by influencing the surface integrity 

of the machined components. In this paper, the influence of the single-lip deep hole 

drilling process on the surface integrity of quenched and tempered AISI 4140 

specimens is analyzed in detail. Under variation of one of the main process 

parameters, the feed rate, the process output parameters such as cutting forces 

and the resulting condition of the machined surface and subsurface are 

determined. In combination with the analysis of the resulting hardness, 

microstructure and surface conditions of the machined surface, a magnetic 

Barkhausen noise (MBN) analysis with a custom-built sensor is applied and further 

developed. With this non-destructive technique, the surface integrity of the bore 

wall and the fatigue damage over the lifecycle of the part can be analyzed. The 

correlation of the surface integrity produced by the single-lip deep hole drilling 

process with the results from the micro-magnetic measurements are used to 

improve the possibility of predicting a components fatigue performance. 
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Nanosecond-pulsed laser ablation in liquid (ns-PLAL) attracts much interest 

because of its wide potential applications, such as nanoparticle formation, medical 

and biological applications, micromachining, laser cleaning, and laser shock 

peening. When the laser pulse interacts with a solid target immersed in liquid, the 

target material is gasified and ionized to form high-pressure plasma. As the plasma 

expands, it drives a shock wave into the surrounding medium. The energy transfer 

from the plasma to the liquid induces the formation of a thin vapor layer around 

the plasma, which represents the start of a cavitation bubble. When the thickness 

of the liquid layer is comparable to the plasma size, strong shock range, or bubble 

size, the close proximity of the free boundary to the ablation site significantly alter 

the dynamics of ns-PLAL. We propose that gaining a clearer understanding of the 

dynamics of laser ablation under a thin liquid layer will help to improve the control 

and efficiency of ns-PLAL. In this study, we examine the dynamics of ns-PLAL of a 

solid target with a liquid layer thickness ranging from 0.1 to 5 mm. Observations 

were conducted from the end of the laser pulse until several hundreds of 

microseconds. We employed photoelasticity imaging technique and high-speed 

laser stroboscopic videography system to observe the evolution of the shock wave 

and cavitation bubble in the liquid phase while simultaneously monitoring the 

strength of the stress wave in the solid phase. The results presented in this paper 

visually demonstrate the dynamical behavior of ns-PLAL under a thin liquid layer. 

The mechanism by which the liquid layer thickness affects the strength of laser-

induced stress is also discussed. 
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A major limitation of additively manufactured metal parts using powder bed fusion 

processes such as selective laser melting (SLM) is their low fatigue resistance vis-á-

vis the parts manufactured using conventional means. Inevitable porosity in the 

printed parts in the cause for such low performance. In this investigation, the 

effects of process parameters such as laser power, layer thickness and scan rotation 

on the defect formation and their influence on the fatigue performance of SLM Ti-

6Al-4V, the most widely used aerospace grade Ti alloy, were investigated. The 

effect of size, shape, and location of the pores on the fatigue strength of SLM Ti64 

was investigated using 3D tomography. The possibility of enhancing the fatigue 

resistance via post-processing heat-treatment and subsequent shot peening is 

examined. The fracture mechanics-based K-T (Kitagawa-Takahashi) approach, 

which is based on El-Haddad formulation, was used for all the cases to create a 

failure envelope, which can work as a guide for the application of SLM Ti64. 
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Wave-based shearography is a technique which was recently developed at the 

Institute of Materials Research and Engineering (IMRE), A*STAR. By combining 

ultrasonic transducer technology with the full-field imaging capability of 

shearography, acoustic shearography not only breaks the limitation of material 

types and penetration depth of conventional laser shearography technique but also 

significantly improves the detection sensitivity. In this work, we present the 

methodology of acoustic shearography technique and demonstrate the technique 

for detection of surface and subsurface defects in engineering materials. Acoustic 

waves are generated with piezoelectric ultrasonic transducers to interact with the 

defects in the materials, which leads to changes in the interferometric pattern on 

the surface of the testing materials. The changes in interferometric pattern due to 

wave-defect interaction can be readily observed in seconds. Systematic 

investigation of the optimal acoustic excitation methods is to be presented. The 

advantages and disadvantages of the technique benchmarking with other existing 

NDT methods and the potential of acoustic shearography for product verification 

and integrated product repair will be discussed. The wave-based acoustic 

shearography provides an efficient and useful NDT tool for practical industrial 

applications. 

ID 050 

  



  Jump to Programme Conference Book 

1st International Conference on Advanced Surface Enhancement   80 | P a g e  
 

Influence of crystal structure of nitride compound layer on torsion 

fatigue strength of alloy steel 

Yoshitomi Yamada1, Eto Hirohito1, Koji Takahashi2 

1. Isuzu motors Ltd., 8 Tsuchidana, Fujisawa-shi, Kanagawa, 252-0881 Japan  

2. Yokohama National University, 79-5 Tokiwadai, Hodogaya-ku, Yokohama, 240-

8501 Japan 

 

The demand for high-strength components for commercial vehicles has recently 

increased. Conventional gas nitrocarburizing has been used to increase strength 

and productivity of the crankshaft. A potential-controlled nitriding process was 

recently developed to control the crystal structure of the nitride compound layer. 

It has been found that this treatment improves the bending fatigue strength 

compared with conventional treatment, and has the potential to cope with the 

increase in crankshaft strength. However, the effect of torsional fatigue strength 

has not been studied. Therefore, in this study, the influence of the crystal structure 

of the nitrided compound layer on the torsional fatigue strength was investigated. 

Two kinds of test specimens with different crystal structure of the compound layer 

were prepared using gas nitriding treatment with controlled nitriding potential for 

an alloy steel bar JISSCM435. Torsional fatigue tests were carried out using these 

test specimens. Although the compound layer of these test specimens has different 

crystal structures, the hardness distribution and residual stress distribution on the 

diffusion layer were almost the same. The S-N curve showed that the low cycle 

fatigue strengths and the fatigue strength at 107 cycles of the specimens were 

almost the same. This indicates that the crystal structure of the nitrided compound 

layer does not affect the torsional fatigue strength, where the shear-type stress 

acts in the fatigue process. 
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Deep Cold Rolling (DCR) is a surface enhancement process via mechanically 

introducing plastic deformation to the surface and subsurface layers of metal 

alloys, so as to increase their fatigue life. When compared to shot peening and/or 

machine hammer peening processes, the effective depth of DCR is much larger 

which, in turn, induces more significant material deformation and larger balancing 

tensile stresses across the transition zone (i.e., the area between the treated and 

untreated locations). In this work, we have employed Computer Numerical 

Controlled (CNC) DCR process for a case study of Ti-6Al-4V alloys, addressing the 

stress distributions across the DCR-induced transition zone. We have also 

introduced a secondary treatment, covering a larger region over the first treated 

area, with reduced DCR intensity to redistribute the high tensile stresses in the 

transition zone. For these studies, X-ray diffraction (XRD) and Prism Hole Drilling 

methods were used to measure the residual stresses. Our results revealed that the 

balancing tensile stress (up to 600 MPa) in the transition zone of the first DCR 

treatment can be effective converted to compressive while the highest the tensile 

stress located in the transition zone of the second DCR treatment is as low as 200 

MPa. Also found is that the compressive stress induced by the first DCR process at 

the steady-state region of the treated area (~-600 MPa) has been apparently 

reduced, i.e., to about -400 MPa, by the second treatment. The physical mechanism 

of the DCR-induced stress redistribution (at the transition zone) and tuning (at the 

steady-state area) will be presented and discussed. 
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Machine hammer peening (MHP) is a forming process for the incremental finishing 

of the surface layer of technical components. High-frequency impacts of a spherical 

plunger head smooth in roughness peaks and thus introduce compressive residual 

stresses and strain hardening into the component surface layer. The impact energy 

of the electro-magnetic MHP system results from the conversion of electrical 

energy into mechanical energy and finally from the transfer of this energy to the 

workpiece. The impact energy is difficult to determine due to complex influences 

of the electrical and mechanical quantities during energy conversion in the MHP 

system. The interactions between the impact energy and the material properties 

ultimately determine the resulting surface layer properties. The adjustment of the 

MHP process parameters to achieve defined surface layer properties resulting from 

a certain impact energy is nowadays mainly based on experience of the operator. 

Therefore, the objective of this work is to determine the interactions between the 

impact energy resulting from the electrical, mechanical and material influences and 

the resulting surface integrity of 42CrMo4 and X5CrNi18-10 based on a multi-

physical modelling approach. An existing model in MATLAB/Simulink, which allows 

the determination of the hammer force, is further developed to include the 

determination of the energy conditions and coupled with finite element 

simulations. The modelled impact energy and simulated surface integrity were 

validated by means of drop tower and MHP experiments and showed good 

agreement regarding the hardness and residual stresses in the workpiece. 
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Wire + Arc Additive Manufacturing (WAAM) is a technology potentially offering 

reduction of material wastage, costs and shorter lead-times. It is being considered 

as a technology that could replace conventional manufacturing processes of Ti-6Al-

4V, such as machining from wrought or forged materials. However, WAAM Ti-6Al-

4V is characterised by coarse β-grains, which can extend through several deposited 

layers resulting in strong texture and anisotropy. As a solution, inter-pass cold 

rolling has been proven to promote grain refinement, texture modification and 

improvement of material strength by plastically deforming the material between 

each deposited layer. Nevertheless, with the increased interest in the WAAM 

technology, the complexity and size of the deposited parts has increased, and its 

application can be hindered by the low speed and complex/costly equipment 

required to perform rolling at this scale. Therefore, Machine Hammer Peening 

(MHP) has been studied as an alternative cold work process. MHP can be used 

robotically, offering greater flexibility and speed, and it can be applied easily to any 

large-scale geometry. Similarly to rolling, MHP is applied between each deposited 

layer with the new ECOROLL peening machine and, consequently, it is possible to 

eliminate texturing and reduce the β-grains size from centimetres long to 

approximately 1 to 2 mm. This effect is studied for thin and thick walls and no 

considerable change in grain size is observed, proving the applicability of MHP to 

large components. The yield strength and ultimate tensile strength increases to 907 

MPa and 993 MPa, respectively, while still having excellent ductility. This grain 

refinement may also improve fatigue life and induce a decrease in crack 

propagation rate. In this study, it has been shown that MHP is a suitable process 

for WAAM Ti-6Al-4V applications, can be applied robotically and the grain 

refinement induced by very small plastic deformations can increase mechanical 

properties. 
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Mechanical hammer peening (MHP) is one of the surface finishing methods beside 

shot peening (SP), laser peening (LP), deep cold rolling (DCR), etc., that tend to 

induce residual compressive stress into the surface and subsurface layers of the 

targeted metal alloys so as to enhance their fatigue life. Recent developments in 

precision mechatronics and robotic systems make industrial robotic hammer 

peening (RHP) possible, which could further strengthen the advantages of MHP 

over those of SP, LP, and DCR. Unfortunately, the research on RHP at the current 

stage is relatively less in the literature. In this work, we have carried out RHP 

processes for single-crystal Ni-superalloys with and without the surface layers 

deformed by electrical discharge machining (EDM). The surface structures, before 

and after RHP with varied hammer head sizes and driving pressures, were 

dedicatedly compared by employing a macroscale method, i.e., X-ray diffraction 

(XRD), as well as a microscale method, i.e., electron backscattering diffraction 

(EBSD). They, together with topological studies, revealed clear surface 

deformations induced by the RHP processes and the deformation is a bit more 

significant on the surface with an EDM-deformed layer than that on the 

deformation-free surface. They also provide quantitative evaluations for the RHP-

induced crystal reorientations, which can be further correlated with the original 

crystal orientation as well as the peening direction (i.e., along the surface normal 

direction of the single-crystal alloy with a certain crystallographic miscut). 
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Deep Cold Rolling (DCR) plays a vital role in improving the surface integrity, by 

inducing deep compressive residual stress layers with a bare minimum level of cold 

work compare to the conventional finishing processes. In this present study, the 

residual stress induced by the Deep Cold Rolling (DCR) process on Inconel718 plates 

for optimized burnishing strategies are investigated. The strategies consist of two 

crossed passes, parallel and perpendicular passes. The experimental results 

obtained show that the DCR with the given strategies improves the surface quality. 

Burnishing pressure is found to be the most influencing parameter on the surface 

roughness and compressive residual stress. The characterization and micrograph 

studies show that the strategy three provides an effective improvement in surface 

integrity when compared with other strategies. 
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Inconel alloy 718 is an age-hardenable nickel base Ni-Cr-Fe superalloy, which is 

hardened by the precipitation of secondary phases, gamma prime and gamma 

double prime into the metal matrix. Significant contributions have been made in 

recent years to the development in laser and electron beam based Additive 

Manufacturing (AM) technology. In this study, additively manufactured alloy 718 is 

surface treated by Low Plasticity Burnishing (LPB) under dry and cryogenic 

environments. The results compare the residual stress distribution, surface finish 

and the degree of cold work for LPB under dry and cryogenic environments. It is 

found that tensile residual stress is induced while building the part by the Direct 

Metal Deposition (DMD) technique and this can be reduced to almost zero by 

solution treatment. Moreover, the solution treatment helps to homogenize the 

microstructure, which is followed by age-hardening resulting in the increase in 

hardness. Compressive residual stress is extending to a depth of 1.2 mm (0.047 in.) 

which is achievable with cold work of less than 4%. Cryogenic assisted LPB led to 

the formation of a “featureless layer” on the burnished surface where significant 

grain refinement occurred due to dynamic recrystallization (DRX), as well as the 

increased intensity of compressive residual stresses 
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Laser shock peening (LSP) is a relative new surface enhancement technique, which 

induces effective compressive residual stress in the surface layers to prevent the 

cracks to extend. During the LSP process, the materials might experience very high 

strain rates, some cases up to 10^6 1/s. Due to the higher mechanical strength to 

weight ratio, the titanium and its alloy have been paid more attentions from 

aerospace industry. The mechanical behavior of titanium alloy presents several 

challenges regarding the mathematical modeling of that behavior. At room 

temperature, the relatively strong strain-hardening rate observed at low strain 

rates quickly decreases as the strain rate is increased, and at very high strain rates 

the behavior is nearly ideally plastic showing essentially no hardening or softening 

with plastic strain. Therefore, it is difficult to generate only one equation of state 

describing this complex behavior in such a wide range of strain rates. In this paper, 

a rate-dependent constitutive equation describing the flow stress of titanium alloy 

over wide range of strain rates is proposed. Three typical mechanical behaviors of 

titanium alloy at room temperature are incorporated into the suggested model, 

which are the difference of strain rate sensitivity at low and high strain rates, the 

effect of strain rate on the hardening rate and the ideal flow stress at very high 

strain rate. For the application, uni-axial tensile tests was conducted for the TC17 

titanium alloy to obtain the flow stresses at low strain rates. The split Hopkinson 

pressure bar(SHPB) test was employed to measure the mechanical behavior of the 

TC17 alloy at high strain rate. The material parameters identification strategy is also 

presented for the proposed model. Finally, the results indicate that the predicted 

flow stresses from the new model were in good agreements with experimental 

results. 
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Performance of hard coating in cutting tools is significantly affected by its micro 

structure, mechanical properties and tribological behavior. This investigation 

focuses on characterization of the tribological behaviour and mechanical properties 

of the PVD coatings on the CBN tools for assessment of the performance during the 

machining of superalloys. A series of nano indentation tests were conducted to 

characterize and analysis aforementioned properties on PVD coating on CBN 

substrate. The tests were conducted on the samples provided by a tool 

manufacturer, including (Ti,Al)N, (Ti,Si)N and nano-layer coatings. Nano hardness, 

wear resistance, friction coefficient as well as impact resistance were measured 

and analysed in this investigation. Measurements were conducted on a nano 

indentation instrument with diamond Berkovich indenter. The nano hardness and 

reduce modulus on the PVD coating were calculated based on Oliver-Phar method. 

Delamination of the coatings were investigated by determination of the critical load 

through nano scratch test at different layer thickness. Wear tests for the same type 

of coating were performed by multiple scratching tests with an oriented Berkovich 

indenter on the same location and under the same load. Meanwhile, the coatings 

were also analysed with SEM and TEM to understand the effect of crystal structure 

on the tribological behaviour. In addition, cutting tests were also conducted on 

superalloy Inconel718 to compare the cutting performance of CBN tools with 

different coatings. Tool wear and tool life were measured during the cutting test to 

valid the test results from nano indentation methods. 
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The surface integrity of a machined part can be classified topographically, 

mechanically, and metallurgically. The cutting parameters, cutting conditions and 

tool edge preparation significantly affect surface integrity. The link of surface 

integrity to the fatigue behaviour of the machined parts is an area requiring further 

understanding and control. This paper examines this link in fine turning a cylindrical 

cold drawn bar of AISI 1045 steel with 0.8 mm sharp and bespoke tools.  The 

relationship of the surface residual stress, surface roughness, and surface hardness, 

to the fatigue performance induced in dry and flood turning are discussed. The 

results show that cutting in flood condition has significant influence on the fatigue 

performance of the machined part 
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With the introduction of various new advances in additive manufacturing (AM), the 

components printed are becoming increasingly complex. Abrasive flow machining 

(AFM) is a surface finishing process that has been proven to be able to polish EBM 

(Electron Beam Melting) printed internal channels. 

The AFM process is currently guided by best practices and extensive trial and error. 

Therefore, a better understanding of the parameters within the process that affect 

the final surface roughness and material removal (MR) is paramount. 

This study focuses on 2 important parameters of the AFM process; effect of 

abrasive grit size and the effect of internal diameter size on the surface roughness 

and MR of EBM printed surfaces. Due to the overwhelming number of parameters 

that affect the process outcomes, this study is only possible due to the 

development of a prototype AFM machine by IHI Corporation. This prototype is 

able to control the flow speed of the media flowing through the workpieces. With 

a constant flow speed, it is possible to isolate the effect of changing media and 

channel internal diameters (ID). 

The results of this study is expected to determine the relation between the 

mentioned parameters and the process outcomes (Ra and MR) as well as to provide 

recommended parameters for the polishing of EBM printed parts with internal 

channels. 

A good understanding of the effect of different abrasive grit size and ID will improve 

future applications of polishing complex EBM printed parts using the AFM process. 

It will also enable the development of a more accurate model for future MR 

simulation work in AFM. 
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Due to increasing attention on additive manufacturing of micro components, an in-

house micro selective laser melting (SLM) system using a fine laser spot size and a 

small layer thickness with an ability to handle fine powders has been developed 

recently. In this research work, in-situ laser remelting effects on the microstructure 

of the SS316L features fabricated using micro SLM have been studied. After every 

layer of micro SLM, laser remelting was performed using the same laser source. 

Remelting effects have been investigated at different process conditions with 

varying laser power and scanning speeds. The effects of remelting on the 

microstructure of the micro SLM parts have been studied. Experimental results 

revealed that in-situ laser re-melting significantly influences the microstructure of 

the 316L micro SLM parts. The study highlights that in addition to the purpose of 

improving the surface finish, laser remelting can be used to tailor the 

microstructure and hence mechanical properties of the micro SLM parts. 
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Micro selective laser melting (SLM) has been developed for the fabrication of 

complex parts with a fine resolution and smooth finish. Although the fine laser spot 

size, fine powder size and thin layer thickness can result in a relatively smooth 

surface compared with the conventional SLM, the surface quality still needs to be 

improved. In this work, in-situ laser remelting was chosen for the improvement of 

the surface quality. The effects of in-situ laser remelting process parameters on the 

surface roughness were investigated using various remelting process parameters. 

The surface roughness of the top and side surfaces of the samples was 

characterized using an optical surface profiler. Surface morphology of the parts was 

characterized using scanning electron microscope. It was observed that the surface 

texture was evidently different after in-situ laser remelting. Overall, the obtained 

results indicate that tailoring the top surface roughness of the parts fabricated by 

micro SLM can be achieved through in-situ laser melting. 
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The large complex profile workpieces, servicing in the gas-solid two-phase flow 

erosion environment, are easy to be scrapped by serious local erosion damage due 

to the impact angle varies widely. It is of great significance to carry out 

remanufacturing of used products and surface enhancing of new products, for the 

number of large complex profile workpieces scrapped due to erosion wear is huge 

every year. Brittle materials have good erosion resistance at low and medium 

angles, while ductile materials have good erosion resistance at high angles, that is 

to say, homogeneous materials cannot meet the erosion resistance requirements 

at different impact angles. Therefore, a functional gradient coating design method 

is proposed, in which the components of the coating change in a gradient along the 

tangential direction of the workpieces. The coating is based on erosion resistant 

ceramic materials and metal materials as auxiliary materials. The erosion rate of 

different metal components (ductile brittle ratio) at different impact angles can be 

obtained through experiments, and then the formula of "plastic brittle ratio - 

impact Angle - erosion rate" can be fitted. The ductile brittle ratio of the coating 

material under different impact angles can be adjusted as needed based on this 

formula, to realize the matching of the erosion resistance of the coating with the 

impact angles. Theoretically, the impact angle corresponding to a certain position 

on the surface of parts is fixed, the optimal ductile brittle ratio can be obtained by 

the formula above, and the coating erosion rate can be optimized. However, 

considering the process realization, the normal functional gradient coating design 

method can be used for reference, that is, designing tangential gradients. The 

degree of erosion rate reduction depends on the coating material and tangential 

gradient change rate. 
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Laser Powder-Bed Fusion (LPBF) is an additive manufacturing technique which 

allows fabrication of 3D free-form objects using metallic powder as a starting base. 

Although LPBF is able to produce parts with good mechanical properties, surface 

finish remains a challenge due to the roughness induced by partially-sintered 

powder.  Post-process methods such as machining and polishing are typically 

applied to improve the surface finish, which increases the cost and lead time. Also, 

under some circumstances such as internal channels or complex curved surfaces, it 

may be difficult to apply these post-process methods. Thus, this study aims to 

improve the surface quality of as-built parts by investigating the effect of contour 

parameters on the surface roughness. The material used in this study was Stainless 

Steel CX. A total of 9 substrates were fabricated and the contour parameters were 

varied in terms of laser power and scan speed, which affects the final line energy 

density used. Surface roughness was measured using the white light interferometry 

method on the top and side surfaces. The results showed that the contour 

parameters have a significant effect on the surface roughness. The surface 

roughness reduces at higher line energy density used, which can be attributed to 

more complete melting of the base powder and thus lower occurrences of partially-

sintered powder. Overall, it is hoped that the use of optimized combination of 

contour parameters can achieve a good as-built surface quality and reduce the 

dependency of post-process methods. 
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With the evolution of 3D printing of metals from the prototyping scale towards a 

serial production the different steps in the production chain have not only to be 

fully understood but also adjusted to each other and to the requirements of the 

final product. The 3D-printed metal parts leave the printer, independently from the 

way of printing in terms of LBM or EBM, with a significant amount of support 

structures fixed to the part, adhering metal powder (partly sintered powdercake in 

the case of EBM) and a surface roughness that is about an order of magnitude too 

high for the technical application. Therefore, among the different process steps, 

the post-processing of AM metal parts is a crucial element but nevertheless still an 

open issue at industrial scale and until now often neglected.  

This presentation will lay its focus on the post treatment of dynamically loaded 

parts. The as built surfaces of 3D-printed metal parts have a very coarse surface 

roughness, which is known to have a negative impact on fatigue performance. 

Furthermore, to fully enable the freedom in design of additive manufacturing, it is 

of interest to find post-processing solutions that reduce possible crack initiation at 

the surface of complex parts that cannot be (mechanically) machined using 

conventional methods such as mechanical polishing or turning. A novel post-

processing method called Hirtisation® can reduce surface roughness and remove 

support structures and excess powder in a galvanic bath. 

This presentation aims to quantify the effect of the surface properties of EBM-

manufactured Ti6Al4V after treatment with electro chemical polishing (ECP) by 

Hirtisation® and HIP on fatigue using rotating beam fatigue (RBF) testing. Fatigue 

failures were detected between 10^4.6 and 10^5.7 cycles. The fatigue resistance 

of the as-built EBM surfaces was increased significantly by Hirtisation® treatment. 
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Ceramic shots are used in a large range of industrial peening applications, such as 

suspension springs, transmission gears, aircraft engine titanium blades, aluminum 

wheels, where significant fatigue strength improvement has been demonstrated. 

Even if it has been highlighted that surface roughness had a significant impact on 

crack initiation and fatigue strength most of the recent works are mainly dedicated 

to the understanding of subsurface modification (compressive stress intensity and 

profile). 

The aim of the study is to better understand the interactions between shot and 

target during shot-peening process, with particular focus on energy transmitted 

and roughness generation. In terms of mechanics, shot peening can be expressed 

as a continuous sequence of simultaneous pressure and elastic-plastic deformation 

on the contact surfaces (shot and target) during the collision process. A single 

impact approach was developed in order to establish relations between the process 

parameters, the media properties, the target properties, and the generated surface 

state. 

Several kind of metal (aluminum steel…) plates were peened with only one shot of 

different nature (ceramic, metals…) under perfectly controlled process conditions 

(pressure, distance and angle). Process parameters such as velocity (incident and 

rebound) were determined by coupled fast-cam. Indent shape and dimensions 

were characterized by confocal and wavelet multi-scale analysis. All the 

experimental data were compared with the results of FEM and SPH numerical 

simulations to assess the shot behavior as function of the nature of contact 

between colliding surfaces.  
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This approach allows identifying key criteria among media properties and shot 

peening process to monitor and optimize the surface topography of the peened 

sample. 

ID 067 
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Microstructural Changes in Electroplated Chromium Coating Substrate 

Interfaces Induced by Shot Peening 

Yutaka Kameyama1, Tatsuya Ohta2, Keita Sasaki2, Hideaki Sato1, Ryokichi Shimpo1 

1. Tokyo City University, Tokyo, 158-8557, Japan 

2. Tokyo City University Graduate Division, Tokyo, 158-8557, Japan 

 

Shot peening has been widely used for industrial field because of its attractive 

effects to increase strength of the surface. In addition, microstructural changes 

induced by shot peening have been recent interest since they possibly promise 

adding surface functions and enhancing the surface characteristics. In this study, 

shot peening was conducted on electroplated chromium coatings deposited on 

carbon steel substrate in order to create mechanically-alloyed microstructure 

which was composed of iron and chromium. Microstructural changes induced by 

shot peening was carefully analyzed under ranging peening time. Results indicated 

that shot peening using steel grit particles created specific microstructure where 

fragments of chromium plating were dispersed into steel matrix. It was implied that 

chromium plating were embedded into steel substrate and simultaneously 

pulverized due to continuous impact of the particles during shot peening process. 

ID 068 
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Fatigue Properties of Selective Laser Melted 316L Steel Parts after 

Surface Mechanical Attrition Treatment 
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2. EPF Graduate School of Engineering, 2 Rue Fernand Sastre, 10000 Troyes, France 

3. Centre For Advanced Steels Research, University of Oulu, 90014 Oulu, Finland 

 

Fatigue properties are known to strongly depend on the surface quality and the 

residual stress field present in a part. These two aspects are generally considered 

as weaknesses inherent in Additive Manufacturing (AM). The use of post-

treatments can help to overcome these problems. SMAT (Surface Mechanical 

Attrition Treatment), which is based on ultrasonic attrition technique, is studied in 

this work as a potential mechanical post-treatment on metallic parts processed by 

AM. Through successive impacts on the surface of selective laser melted (SLM) 

samples, the SMAT is shown to generate a superficial nanostructured layer as well 

as compressive residual stresses coupled with strain hardening in the subsurface 

layers of the treated parts. Two levels of SMAT, medium and intensive, were 

applied to 2 mm thick pieces of a 316L austenitic stainless steel, fabricated by SLM. 

Experimental characterizations were carried out before and after SMAT to study 

the evolution of the surface roughness, micro-hardness profile, phase analysis and 

residual stress profile. Fatigue properties were determined in flexural bending in 

the high cycle fatigue range of 10^5 to 2x10^7 cycles. The results show that SMAT 

can drastically increase the fatigue resistance of SLM parts. Characterizations of the 

failed specimens were performed to understand the origin of this significant 

mechanical improvement. 

ID 070 
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Toughness of Si3N4 Ceramics Subject to Multiple Impact Laser Shock 

Peening 

Pratik Shukla1 

1. Coventry University, United Kingdom CV1 5FB 

 

This work is focused on a study of laser shock peening Si3N4 ceramics. A 10J diode-

pumped solid-state laser system was employed to shock peen at single and multiple 

impacts, raging from laser intensity of 0.62 to 22.32 GW/cm2, at 1Hz pulse 

repetition rate, 10ns pulse duration and 1030nm wavelength. Surface roughness, 

microstructures, fracture toughness, crack morphologies and residual stresses 

were measured and studied. The results showed a maximum increase in KIc was 

23% post laser shock peening with multiple layers. This was attributed to reduced 

crack morphologies and onset of residual compressive stress of 268 MPa on the 

surface which penetrated to a depth of 1mm at 23 MPa as the layers increased. 

Micro-structural refinement was also evident as rod-like grains of the beta-phase 

were found. This led to the materials resistance of the Si3N4 to indentation force, 

thus, enhancing the KIc. The work in this study shows that it is possible to laser 

shock peen ceramics such as Si3N4 and advances the mechanistic understanding of 

shock peening ceramics.  
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Effects of Combined Wear Mechanisms in Internal Surface Finishing 

using Controlled Hydrodynamic Cavitation Abrasive Finishing Process 

Arun Prasanth Nagalingam1,2, Swee Hock Yeo1,2 
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University, 50 Nanyang Avenue, Singapore 639798, Singapore 
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Controlled hydrodynamic cavitation abrasive finishing (HCAF) process is presented 

as a new approach for surface finishing the internal surfaces of mechanical 

components. A recirculating hydrodynamic apparatus is designed and developed 

to generate controlled cavitation. Experiments are conducted on the internal 

channels fabricated using electric discharge machining (EDM). Firstly, the surface 

wear arising from the combined effects of con-trolled hydrodynamic cavitation and 

abrasive particles are investigated at a) non-cavitating condition without abrasive 

particle, b) cavitating condition without abrasive particles c) abrasion condition 

without cavitation and d) combined cavitation and abrasion condition. The effect 

of various operating conditions on the material removal are discussed. Lastly, the 

improvements in profile surface roughness (Ra) of the internal channels is 

characterized using optical profilometer. The results obtained (Ra < 1 µm) clearly 

shows that the combined effect of controlled cavitation and abrasive particles has 

a significant effect on the surface roughness reduction of internal surfaces. 

ID 072 
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Residual Stress Mapping in a Ti-6Al-4V WAAM Additive Manufactured 

Block After Single-pass Mechanical Rolling 

Jeferson Araujo De Oliveira1, Jan Hönnige2 
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Residual stresses can have a significant impact on the performance, life and 

distortion of metal components. Wire + arc additive manufacturing (WAAM) is an 

attractive method to produce near-net-shape preforms of large structural metal 

components. The advantages are materials, cost and lead-time savings compared 

to forgings and castings. Due to high thermal gradients during manufacture, WAAM 

develops stresses that often reach yield strength of structural metals, ultimately 

causing distortion and even build failures. Cold rolling can be used to mitigate and 

control residual stress and distortion in WAAM. When applied inter pass, this 

process induces plastic strain, leading to grain refinement and improved 

mechanical properties. The ultimate residual stress development is a complex 

interaction of alternating mechanical straining and thermal treatment. In this work, 

the contour method is employed to map the residual stresses from single-pass cold 

rolling lines and evaluate how different cold work parameters, such as tool 

geometry or rolling load influence the sub-surface residual stress distribution. 

Results show that the depth of the compressive residual stresses increases with 

load, but does not vary with the tool geometries tested. The residual stress 

magnitude, in turn, is significantly affected by the tool geometry, but less so by the 

load. 

ID 073 
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Laser Peening for Life Extension in Aerospace Structural Applications 
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Laser peening has been used extensively for the treatment of components in aero-

engines, and has found various niche structural applications where integrity of 

surfaces and joints is of importance. 

There has been much research in recent years for the development of laser peening 

for structural applications in airframes, particularly for the treatment of aluminium 

alloys: this poses challenges as Al has relatively low stiffness and strength compared 

to, for example, titanium and steel. 

This presentation will cover recent research into the application of LSP to aerospace 

aluminium alloys, to understand the changes that are induced to mechanical 

properties and residual stress. The use of LSP-induced residual stress to retard or 

arrest a growing fatigue crack is described and discussed. 

ID 074 
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Influence of Deposition Parameters on Mechanical Properties and 

Tribological Behavior of Stellite-6 Coatings Obtained by Cold Gas 

Dynamic Spray 

Franco Furgiuele1, Pietro Magarò1, Carmine Maletta1, Angelo Luigi Marino2, Mario 

Tului2 
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2. C.S.M SpA. , Italy 

 

Mechanical and tribological properties of wear resistant coating, made of Stellite-

6® alloy, obtained by Cold Gas Dynamic Spray (CGDS) were analyzed in this 

investigation. The influence of process parameters, i.e. the gas temperature, gas 

pressure and scan speed, was investigated. Deposition parameters were optimized 

with the aim of obtaining dense deposits with good interparticle bonding. The 

deformation mechanisms involved by the deposition process were analyzed by the 

particle shape at the boundaries and internal structural defects. Due to the high 

strength, hardness and melting point of the alloy, high values of particle velocity 

are needed, during cold gas spray process, to obtain good results. In fact, a critical 

velocity can be identified, that is the minimum value necessary for particles 

adhesion. This latter is strongly related to the temperature of the impacted surface 

that, in turn, is affected by all investigated process parameters. The mechanical 

properties of coatings were analyzed at the micro and nano-scale, by instrumented 

indentation. The tribological behavior was evaluated by pin-on-disk wear tests and 

the wear mechanisms were discussed in terms of local oxidation and possible pull 

out phenomena. Results revealed that spraying parameters can be optimized to 

obtain almost pore-free coatings, characterized by high values of nano-hardness, 

good cohesion and good wear rates under both abrasive and sliding conditions. 

ID 075 
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Surface Integrity Characteristics of NiTiHf High Temperature Shape 

Memory Alloys 

Yusuf Kaynak1, Emre Tascioglu1, Othmane Benafan2 
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This present study focuses on the surface integrity characteristics of the machined 

NiTiHf high temperature shape memory alloys. The NiTiHf spec-imens were 

machined under dry, minimum quantity lubrication (MQL) and cryogenic cooling at 

two different cutting speeds. Experimental data on micro-hardness, latent heat and 

phase transformation temperature is presented and analyzed to evaluate the 

surface and subsurface characteristics of the machined NiTiHf specimens. It is 

found that machining process particularly cryogenic machining alters 

microhardness, latent heat and phase transformation tempera-ture of Ni-rich 

NiTiHf alloy. This study demonstrates that cryogenic machining process leads to 

occurring strain hardened layer on the surface and subsurface of machined 

workpiece. Phase transformation response including transformation temperature 

and latent heat for transformation of this affected layer shows significant 

difference comparing with the bulk of the workpiece. This difference is evidently 

observed from the cryogenically machined specimens than the specimens 

machined under dry and MQL conditions.       

ID 076 
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The Effect of Finish-milling Operation on Surface Characteristics of 

Inconel 625 Alloy produced by Selective Laser melting Additive 

Manufacturing   

Emre Tascioglu1, Yusuf Kaynak1, Özgür Poyraz2, Akın Orhangül2, Soner Ören2 

1. 1Department Of Mechanical Engineering, Marmara University, Goztepe Campus, 

Kadikoy, Istanbul 34722, Turkey 
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Additive Manufacturing (AM) has been recognized as a promising manufacturing 

technology for the industries including aerospace and biomedical; however, the 

surface finish requirement for the components used in such industries imposes a 

severe constraint. Thus, finishing process for any manufac-turing operation 

including additive manufacturing needs to be investigated to provide insights into 

the finish processing-surface property relationship. In this study, finishing 

operation in milling process is considered as a post-processing to improve the 

surface, mechanical and wear properties of the specimens fabri-cated by selective 

laser melting (SLM). This study demonstrates that surface and subsurface 

characteristic such as surface topography, surface roughness, microhardness, and 

wear resistance is substantially affected from milling pa-rameters. Finish-milling 

operation with the high feed rate results in 50 percent reduction in wear rate of 

the specimen fabricated by SLM process. 
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Residual Stresses Analysis in Rolled and Machined Nickel Alloy Plates by 

Synchrotron X-ray Diffraction and 3D Eigenstrain Analysis 

Alexander Korsunsky1 
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Engineering components made from wrought metallic alloys undergo complex 

manufacturing operations, such as extrusion, forging or rolling, machining and heat 

treatment. We combined experimental and modelling techniques with eigenstrain 

analysis of processing-induced residual stresses. We used experimental data 

obtained from synchrotron X-ray diffraction measurements of residual elastic 

strains in two complementary cross-sections of a forged and machined nickel 

superalloy plate. Microstructure was assessed using electron backscattered 

diffraction, and near-surface residual stresses evaluated using laboratory X-ray 

diffraction. The results of full 3D formulation have significant implications for 

durability assessment and fatigue life models. 
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Sliding Behavior of Secondary Phase SiC Embedded Alloyed Layer 

Doped Ti6Al4V Surfaces Ensuing Electro Discharge Machining 
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The enhancement in process efficiency achievable by additive mixed electrical 

discharge machining during the processing of metal/alloy surfaces is a known facet. 

Nonetheless, its influence on the surface characteristics of the material remains 

scarcely evaluated. Hence, the evolution in tribological behavior of electrical 

discharge machined Ti6Al4V surfaces become the focal point of the present 

investigation. The process got assisted by silicon carbide powder (SiC, green, 1-10 

μm) dispersed dielectric (de-ionized water) used as an insulator and the discharge 

medium. A computerized pin-on-disk tribometer (PoDT) was used to quantify the 

wear behavior of the developed surfaces. The experimentations varied based on 

distinction in the chosen speed (2.51 ms-1 (V1) and 3.77 ms-1 (V2)) and load (50 N 

and 100 N) conditions, respectively. The results depict that the tribological 

characteristics of the base material were enhanced by the surface doped heavily 

alloyed recast layer with secondary hard phases (SiC). At increased load (100 N), a 

catastrophic shift in wear mechanism caused by galling led to the resultant 

delamination. The aftermath situation of implementing hard abrasives for surface 

modification is that at severe conditions (load/speed), the spalling of layers can 

have destructive effects on the mating surfaces. 

ID 079 
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Crack Retardation of Damage Through Enhanced Crack Closure Effect 

Induced by Laser Peening 
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The effect of laser peening (LP) on damage is of great significance to extend the 

service life recovery of damaged material. However, it still unclear for the reason 

behind to introduce this effect by high-dynamic loading of LP. In this study, 

experiments are conducted to investigate the retardation of pre-crack growth by 

LP treatment. Pre-cracks fabricated by cyclic loading are introduced on CT 

specimens of aluminum alloy 2024-T351 to act as initial fatigue crack damage. LP 

treatment is performed to cover the specimen surface with pre-crack. And Fatigue 

crack propagation (FCP) experiments are conducted to demonstrate the crack 

retardation effect following LP treatment. Digital image correlation (DIC) method is 

also employed to obtain the full field displacement around the crack tip to evaluate 

the enhancement of crack closure level behind pre-crack tip. The results show that 

an crack arrest and retardation and a significant fatigue life promotion are ob-

served for the pre-cracked specimen with LP treatment. It even sustains more 

loading cycles than the undamaged specimen also with LP treatment. DIC analysis 

reveals that the immediate enhancement of crack closure level is introduced 

behind the crack tip due to high-dynamic loading of LP treatment. Plastic 

deformation produced by the high dynamic loading of LP, is possibly dominant to 

introduce crack retardation behind the pre-crack tip. 
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Peening Media Dosage Unit 
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In conventional shot peening process, flow rate of the media (Ferrous or Non-

Ferrous) plays a critical role in the residual stress profile. Media dosage units were 

developed in the market for such purpose to regulate the media flow rate. From 

the literature review, most media dosage units use a contactable sensor to detect 

the mass flow rate. One of the problems faced in the industry is that the prolonged 

contact of media and sensors would inevitably result in the wear and tear of the 

sensing head. Secondly, most media dosage units available in market can only 

detect either ferrous or non-ferrous media independently. In order to eliminate 

such factors and provide a cost-effective solution, this paper aims to study the 

applicability of microwave sensor in shot peening process, a non-contactable type 

sensor that would be suitable to detect both ferrous and non-ferrous media.  

Our investigation shows that non-homogeneous media flow rate in shot peening 

process is a challenge for obtaining a stable signal output using microwave sensor. 

With a newly proposed fixture, media flow rate was controlled in a homogenous 

approach and the microwave sensor is able to detect the signal steadily, which 

demonstrated clearly that microwave sensors have very high potential for shot 

peening media dosage unit application. Finally, experimental results show that our 

prototype system with microwave sensor is capable of capturing mass flow rate 

values for ferrous and non-ferrous shot peening media with a good accuracy.  

ID 081 
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Sintered Inconel 718 Following Post Processing Heat Treatment and 

Shot Peening 
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Additive manufacturing (AM) techniques such as direct metal laser sintering (DMLS) 

have received much interests from industries because of the ability to manufacture 

complex parts directly according to the CAD design. It has since been used on 

structural alloys including IN718 for different applications. AM brought about 

significant opportunities in component design and manufacturing but at the same 

time poses challenges in fatigue performance due to microstructural defects as well 

as brittle phases such as Laves and δ phases. In this study, electron back-scatter 

diffraction and electron microscopy were employed to investigate crystallographic 

orientation, grain morphology as well as precipitates which are present in the 

samples at different condition of post-processing. AM parts are known to suffer 

from porosity controlling its mechanical performance. Micro X-ray computed 

tomography (μXCT) was employed to determine distribution of these pores known 

to initiate fatigue failures. Results from uniaxial fatigue testing revealed the 

influence of shot peening on fatigue performance of DMLS IN718. The findings will 

be useful for development of post-processing route for optimization of fatigue 

performance of DMLS parts. 
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Numerical Simulation and Residual Stress Distribution of Laser-peened 

Titanium Alloy Aerofoil Subjected to Foreign Object Damage 
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Laser shock peening (LSP) is an innovative surface enhancement technology, and 

regarded as an effective method to improve high-cycle fatigue (HCF) performance 

of metallic material, especially subjected to foreign object damage (FOD). 

According to the structural characteristic and work stress field distribution of aero-

engine fan blade, a kind of titanium alloy aerofoil was designed and machined. FOD 

simulated experiment of titanium alloy aerofoil was conducted on the light-gas gun 

system and FOD feature was observed by scanning electron microscope. Johnson–

Cook material model and dynamic failure model were employed in the finite 

element modeling, and the model parameters were obtained by reverse fitting. 

Numerical simulation of laser-peened titanium alloy aerofoil subjected to foreign 

object damage was realized by ABAQUS finite element method software, and the 

dynamic response feature during FOD process and residual stress distribution after 

FOD process were investigated. Compared to the numerical results without LSP 

pretreatment, the effect of LSP on dynamic response feature during FOD process 

and residual stress distribution after FOD process was analyzed. 
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Influence of Burnishing Process on Microstructure and Corrosion 

Properties of Mg Alloy AZ31 
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Magnesium (Mg) alloy is an attractive biodegradable implant material in 

orthopedic fixation applications. Compared with the permanent metallic implant 

material, such as titanium alloy and stainless, the Young's modulus of Mg alloys is 

close to human bone, and it can be gradually absorbed in the human organism. The 

problems such as stress shielding and secondary surgery operation can be avoided 

by using Mg alloy. However, the corrosion speed of Mg alloys is too fast for actual 

medical application. In order to solve this problem burnishing process, which is a 

kind of surface finishing process, was tried to improve corrosion resistance of Mg 

alloys in this re-search. Burnishing experiments were done using a newly developed 

ball burnishing tool on annealed Mg-Al-Zn alloy AZ31 plates. In order to deter-mine 

how the parameters of burnishing process affect the microstructure and corrosion 

properties, the experiments were designed based on Taguchi orthogonal array L9, 

in which three parameters (burnishing force, tool path interval, and feed speed) are 

varied at three different levels. For each processing condition, the microstructure 

near the surface and thickness of layer affected by burnishing process were 

evaluated by microscope. The experimental results indicated that after the 

burnishing process the grain size is re-fined. In addition, corrosion test was carried 

out and the mass loss of each sample was evaluated. The result shows that 

burnishing process is effective to improve the corrosion resistance. 

ID 086 
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Investigation on Theoretical Analysis of Residual Stress Distribution 

Induced by Shot Peening in 2397 Aluminum-Lithium Alloy 
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In order to investigate the effect of shot peening (SP) on residual stress distribution, 

an amendatory theoretical model considering the effects of friction between shots 

and treated component has been proposed based on Hertz contact theory. The 

residual stress field induced by shot peening in 2397 Aluminum-Lithium alloy was 

considered as an example. To verify the theory, the residual stresses field along the 

depth in 2397 Aluminum-Lithium alloy was measured by means of X-ray diffraction 

method, accompanied by layer removal technique. The distributions of residual 

stresses derived from experimental results were in good accordance with 

theoretical model, while the minor errors still existed among them. The slight errors 

are mainly ascribed to surface roughness, ideal elastoplastic constitutive model and 

crystallographic textures. As a result, the theoretical model and corresponding 

algorithm can be applied to predict residual stresses fields under various shot 

peening conditions for Aluminum-Lithium alloys and other metallic materials, as 

well. 
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We performed in-plane bending fatigue tests under controlled load conditions on 

ASTM 309 stainless steel specimens with surface compressive residual stress. The 

results provide a fatigue limit of 415 MPa, which agrees with the value of 404 MPa 

calculated based on a modified Goodman line considering shakedown. Therefore, 

the surface layer was clearly restricted by the internal bulk and was relieved under 

controlled displacement, after which shakedown occurred. Then, the fatigue limit 

of the metal material with surface compressive residual stress should be estimated 

by using a modified Goodman line considering shakedown to avoid unexpected 

fractures that could occur by following a modified Goodman line that does not 

consider shakedown. 
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Toolpath Generation for Robot Filleting 
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Filleting is a finishing process of rounding off the edge to blunt the sharpness as 

well as to improve the component’s durability by distributing the stress 

concentration over a larger area, thus enabling the filleted component to last long. 

Though the filleting process is widespread in manufacturing industry due to its 

effectiveness, the operation requires subtle changes in position and orientation of 

the tool when machining the work-piece which is very difficult to capture 

‘algorithmically’ and thus predominantly carried out by skilled manual workers as 

the generation of the toolpath for the process is a major challenge.  In this paper, 

we propose a novel strategy based on Lissajous curves to generate the required 

toolpath for filleting.  Based on the starting and ending location of the fillet, we 

conceptualize a lissajous pattern in 2D space. Through a mathematical relationship 

between the 2D space and the 3D real-world, a toolpath comprising both position 

and orientation is determined. Trials on Wooden and Aluminium work coupons 

using KUKA iiwa R800 robot validate our strategy to obtain the desired geometrical 

profile. 
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Preparing Laser Peening Technologies for Industry 4.0/Industrie 4.0 
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Laser peening technologies and equipment can help lead the way toward Industry 

4.0/Industrie 4.0. First, technologies must be packaged and standardized enough 

to integrate into increasingly sophisticated factories of the future.  Second, we must 

participate with academic and research institutions by placing our equipment and 

technology in settings where business and researchers can experiment and 

collaborate.  Third, technology adoption benefits from partnering with world-class 

industrial collaborators facing difficult metal fatigue issues. Finally, strategically 

located laser peening service centers can assist small and large OEMs in new 

markets. Advancing these strategies requires considerable investment in 

engineering, optics, data acquisition, controls, testing, logistics, customization, and 

interoperability. Successful innovation will depend on a business model that 

emphasizes collaborative sharing of technical information and business operational 

strategies. 

ID 091 



  Jump to Programme Conference Book 

1st International Conference on Advanced Surface Enhancement   118 | P a g e  
 

Laser peen forming of metallic airframe structures 
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Laser Shock Peening equipments are now commercially available showing that a 

market is opening for a technology that before was considered suitable only for 

niche applications. 

The presentation will report on the exploration program that Airbus is performing 

on the possibility to use LSP as industrial technology to shape aluminium parts. In 

comparison to state of art technologies, Laser peening could be the enabling 

technology for a manufacturing cell able to produce program-agnostic 

components, capable of automatic reconfiguration, and providing flexibility in 

ramp-down and up. The reduced need in terms of clamping / moulds and tools will 

simplify the storage needs and reduce manufacturing cost. 

The applications in focus are: primary forming of low thickness airframe parts with 

complex 3D curvatures, and as well correcting shapes of large/thick airframe 

components. 

The currently running test campaign on small coupons is using a PROCUDO system 

from LSPTechnologies, with the objective to identify the key process parameters 

and quantify the process performance for different material thickness, laser 

settings, peening patterns and clamping conditions. The results will be presented 

and discussed. 

The industrial vision for achieving high productivity industrial setup leading to a 

cost efficient production, and the required digital infrastructure necessary to 

support the activity, will be discussed. 
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Mass finishing is probably the most flexible surface treatment process in existence. 

It is known to be uncomplicated, transparent, always repeatable and economic. 

Since the beginning, conventional mass finishing has been used for the surface 

finishing of high sophisticated work pieces with highest surface requirements. This 

is owed to the enormous adaptability of the process.   

In conventional mass finishing, loose work parts embedded in the 

grinding/polishing media mass are moved in a relative motion against the 

grinding/polishing media by either vibrations, a revolving motion or centrifugal 

force. This type of treatment is both overall and repeatable, but not focused on 

individual areas. Individual work parts may touch each other in the loose process 

and might not meet the highest surface requirements.  

Implementing the Rösler Drag Finishing and the newly developed Surf Finishing 

methods constituted a leap in technology. These universally applicable 

technologies impress with exactly repeatable process parameters compared to 

manual finishing, grinding and polishing robotic systems, grinding and brushing 

machines. Both technologies are especially well suited for intricately formed, high-

grade, sensitive parts which also require treatment in specific areas. It is impossible 

that individual parts touch each other during this process. The parts are mounted 

on fixtures or held by six-axis robotic systems and then submerged into the grinding 

or polishing media and processed. 
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Metal AM (Additive Manufacturing) was well known as a promising solution to the 

Industry 4.0 for the next decade, but there is still serious gap between customers’ 

expectation and manufacturers’ level in quality & performance and cost. HIP (Hot 

isostatic pressure) process is a good method to improve fracture toughness, but 

not good enough as wrought material yet and far from in terms of fatigue strength 

and wear resistance due to its limited effect at the surface. There are several 

ongoing researches to utilize surface modification technology such as UNSM, Laser 

Peening, Shot Peening, Deep Rolling, and Ultrasonic Peening as an in situ or post 

process of metal AM. This is early interim report of ongoing R&D project 

“Development of practical process and device to improve the fatigue and wear 

performance of metal 3D printing parts to the same level of forged material parts” 

for the nuclear plant components. Main scheme and initial results of project are 

explained with previous results on the change in mechanical property (compressive 

residual stress, surface roughness, hardness) and fatigue strength of Metal AM Ti-

6Al-V4 by UNSM and the change in mechanical property and wear & friction 

property of Metal AM AISI 316 by UNSM. The effect of gradient nano structure and 

pseudo forged structure after UNSM is also introduced. 
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UNSM (Ultrasonic nanocrystal Surface Modification) has shown significant 

mitigation of corrosion and stress corrosion cracking and improvement of fatigue 

strength for Austenite stainless steel, Nickel alloy 600 and their dissimilar weld joint 

for nuclear power plant application. Compressive residual stress and gradient nano 

or nano twin structure after UNSM which are known as main contributing factor of 

these effects are introduced. Welded joints in wind turbines, ship buildings, etc., 

especially welded joints of piping system where tensional residual stress is induced 

due to welding process are weakest area for service life of components or systems 

due to stress corrosion cracking or corrosion fatigue. A portable UNSM system 

which could be adapted to welding robot or manipulator was developed for 

modifying tensional residual stress into compressive residual stress. This portable 

UNSM system which could be operated manually by one operator induces also 

enough compressive residual stress at any kind of repair welding or maintenance 

job in aircraft, wind turbine, nuclear power plant, etc. The change of residual stress, 

surface roughness, and surface hardness by the treatment of portable UNSM is 

explained and a demonstration of portable UNSM system is planned also at the 

workshop session. 
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