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AMAZE Overview 
 

 Largest and most ambitious metal AM research project in Europe  
  
 €18m from EUFP 7 and industry  

 
 4.5 year long project concludes June 2017  
 
 26 organisations across Europe 

− Research organisations at the forefront of AM technology 
− World leading end-users from aerospace, space, automotive and nuclear sectors 

 



The Partnership…. 



AMAZE Objectives 

• Produce large AM metallic components 
  
• Increase in process productivity 

 
• Reduce defects/scrap levels  

 
• Reduce the cost of finishing parts  

 
• Improve in-process and ex-situ inspection methods 
 
  



Design, materials & 
process development 

 
 
  

Demonstration Part 
production & Testing 

parts 
 
  

Exploratory Research 
(Materials, process, 
simulation & design) 

 
) 

AM Factories 
 
 
 

Links between different AMAZE activities   



Project structured to address all of the critical aspects required to develop a 
robust end-to-end AM process chain; 
  

 Part design for AM 
 Materials development and testing 
 High productivity AM process development 
 Process modelling  
 Process monitoring and control 
 Part finishing  
 In-situ and ex-situ Inspection methods 
 Developing integrated and streamlined AM factory solutions 
 Demonstration part production 
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Project Scope  



 Development of AM material specifications for powder & wire  
 Assessment and selection of  feed-stock suppliers 
 Testing of all material used in the project    

Materials Testing  



Powder Testing 

PARTICULATE 

PROPERTIES 

Morphology 

Surface texture 

Particle size 

distribution 

Specific surface area 

CHEMICAL 

PROPERTIES 

Main elemental 

composition 

Interstitial 

composition 

BULK                   

PROPERTIES 

Packing Density 

(apparent, tapped) 

Hall flow rate 

Dynamic flow 

Shear properties 

+ 



New Powder Quality 

Excessive amount of fines 
(<15microns)  

Poor powder 
morphology  

Porous/shell particles  

Contamination   



Contamination when powder is reused  

EDS shows this irregular particle is Fe-based powder, 
containing Ti, Cr, Ni, Al, Si, and Mn  
(stainless steel?)  



Increasing the capability of AM processes  

1. Increase the build rate of the AM process 

2. Extend the part size and complexity  

Contributors: Airbus Group, Renishaw, Concept Laser, FhG-ILT, 
Trumpf, Irepa Laser, Norsk Titanium, Tecnalia, Manchester University, 
Birmingham University, The Manufacturing Technology Centre. 

3. Improve part quality / reduce the level of scrap 

4 Primary Objectives 

4. Widening the range of proven materials 



Fraunhofer-ILT  

• Focus on hull and core build strategy 

• High power laser to fuse core  

• Low power laser to fuse edges 

• Study effect of this approach on  

• Mechanical properties 

• Microstructure/density 

• Accuracy/surface finish  

• Build rate improvement 

• Trials undertaken using In718 

High Power SLM process (skin-core) 
PL = 400W (skin) 1000 W (core)  



 Process parameter: 

 Laser power: PL=1-1,5kW 

 Hatch distance: ∆ys=500µm 

 Layer thickness: Ds=60-150µm 

 Results: 

 PL=300W: Vth= 3,84mm³/s 

 PL=1kW: Vth= 18,75mm³/s                  

 PL=1,5kW: Vth= 26,25mm³/s  

 

 

 

 

Process Development  
Layer Thickness / Laser Thickness 



Microstructure 

Core 

Process parameter: 

 SLM 280HL: ds1≈70µm (Gaussian)  

   ds2≈720µm (Top-hat)  

 Laser power: PL1=300W | PL2=1000W 

 Layer thickness: Ds1=30µm|Ds2=90µm 

 

EBSD analysis: 

 Skin area:  

- Fine grains do not have a preferred orientation 

 Core area:  

- Very long grains strongly oriented in build-up direction 

 

 

 

 

 

 

 

 

 

Skin area ds=70µm Core area ds=720µm 

Skin Transition 

No evidence of defects between skin and core but change in microstructure  



Mechanical properties (tensile test static load) 

 Specimens manufactured with PL=1kW at Ds=90µm 

 Heat treatment: 

 AMS 5662 + Hipping 

1. Hipping: T=965°C | t=1h | p=2000bar 

2. Solution annealing: T=980°C |  t=1h 

3. Aging: T=720°C |  t=8h 

4. Aging: T=620°C |  t=8h 

 Results: 

 Conventionally Manufactured reference  matched by Rm and Rp0,2 

 Breaking elongation is reached for parameter set 1 (standard 

SLM) and parameter set                              

 

 



• New lasers installed (500W fiber and 2kW diode) 
• Accuracy 
• 5 axis control 
• Inert gas running with extra low O2 level 
• Integration of sensors on the CLAD® head 

 

5 axis : XYZ  +  BC (continuous 5 axis) 

3D working space :  1500x840x800 mm3  

Max  load : 300kg 

Gas enclosure : 

       Volume : ≈ 12m3 

        O2<20ppm, H2O<30ppm  automatic gas purification 

         

Machine improvement and optimization 



• Improvements 
– Process robustness (enable longer deposition times) 
– Increased deposition rate and efficiency 

• New design for the nozzle  
− Thermal resistance enhancement 
− Better cooling 

• Performance 
− 2kw laser power 
− Wall width 2.3mm  
− 100-150cm3/h  

 
 

Deposition head improvements 

MacroCLAD nozzle 24Vx  



Tearing 

Lack of fusion 
Pores 

Improved part quality 

Optimised Parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Deposition strategy Raster rotation/layer: 90° 
Time (min) 104 

Deposited volume (cm3) 171,6 

Build up rate (cm3/h) 99,0 

Powder catch. efficiency (%) 58,9 

Multiple deposition strategies tested: 
• Raster rotation/layer :  

 180°, 90°, 45° and 113° 
• With and without contour 
Selected deposition strategy : Raster rotation/layer : 90° 

 
 
 
 

• Pros :  
• Lower risk of lack of fusion 
• Lower distortion  

• Cons :   
• Roughness     thicker material allowance >1mm 

 

1st layer 

θ+90° θ+90° 

2nd layer 3rd layer 

Deposition strategy optimization 



Material Property Testing  

• Comprehensive mechanical property test campaign  
– Static tensile  
– Fatigue  (LCF, FCGR)  

• Wide range of processes and materials 

• Different build orientations, heat treatments etc. 

• Full traceability  

 

Coordinated by Bombardier 

Results uploaded to AMAZE database 

 

 

 



AMAZE Database 

• AMAZE Database was designed by Granta  

• Data from the entire AMAZE project has been uploaded included; 

• Material testing methods and results  

• Specimen production parameters 

• Mechanical properties 

• Inspection (metrology and integrity) 

• Process performance data  

• Part design data 

• Demonstration part design and manufacture…. 

• We hope to maintain and build upon this database for the future  

 



Sorry but this is only a very brief  
taste of the AMAZE project  
 
Enough data generated to 
present for a week! 
 



http://amazeproject.eu/ 



All of this is summarised in 
the AMAZE Booklet  



AM research is a marathon not a sprint .. 

To keep Europe leading the world in metal AM we have to keep running  

 



Questions ? 


