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1. EXECUTIVE PUBLISHABLE SUMMARY

1.1. PURPOSE AND OBJECTIVES

The aim of FANTASIA is to contribute towards winning global leadership for European aeronautics by developing new flexible and near-net-shape additive manufacturing chains and repair techniques using laser metal deposition (LMD, fig. 1.1) and direct laser forming (DLF)
 processes. These techniques, in combination with conventional manufacturing processes, offer the possibility to realise a breakthrough in the manufacturing of aero-engine parts (fig. 1.2). In particular, the following potential can be achieved:
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	Fig. 1.1: LMD process with powder additives 
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	Fig. 1.2: Aero engine BR715


1. New design possibilities using the nearly unlimited geometrical freedom of DLF
2. Decrease time efforts in the whole life cycle of a part in the design and/or redesign phase, subsequent manufacturing and the repair phase

3. Savings in production and raw material costs due to reduced time effort and raw material quantity to be used in additive manufacturing

4. Processability of conventional nickel and titanium base alloys as well as upcoming advanced materials like TiAl.

Objectives 

1. Development of process layout for LMD and DLF to achieve the required characteristics with respect to material, part quality and economy

2. Development of heat treatment cycles before and after laser treatment to get microstructures and thermal stress fields that meet the mechanical properties

3. Determination of static and dynamic mechanical properties of the laser-processed and heat-treated samples together with correlation of these properties with microstructure and stress fields

4. First time workout of acceptance plus a non-destructive test (NDT) inspection criteria for LMD and DLF process (correlations between tolerable defects, microstructure, mechanical properties and process parameters)

5. Support of the process development by simulation of temperature, stress fields and microstructure formation to predict process parameters and build-up strategies

6. Development of equipment for LMD and DLF processes:

· processing heads, including powder feeding nozzles and shielding gas units for 3D processing

· process chamber for DLF 

· software for CAD/CAM integration

· sensors and systems for on-line process control

7. New manufacturing and repair chains by combining conventional (e.g. casting, milling, joining) and laser-based techniques (LMD, DLF).
1.2. WP Contractors
1. Consortium Coordinator

Dr. Konrad Wissenbach, konrad.wissenbach@ilt.fraunhofer.de

Fraunhofer-Institut für Lasertechnik (ILT) 
Contractors
	Order
	Partner
	Country

	2
	Rolls-Royce plc
	UK - United Kingdom

	3
	Industria de Turbo Propulsores, S. A.
	ES – Spain

	4
	AVIO S.p.A.
	IT – Italy

	5
	TURBOMECA
	FR – France

	6
	University of Manchester
	UK - United Kingdom

	7
	TWI Ltd
	UK - United Kingdom

	8
	Asociación Industrial de Óptica, Color e Imagen
	ES – Spain

	9
	TRUMPF Laser und Systemtechnik GmbH
	DE – Germany

	10
	Riga Technical University
	LV – Latvia

	11
	TLS Technik GmbH & Co Spezialpulver KG
	DE – Germany

	12
	Association ARTS 
	FR – France

	13
	Sulzer Innotec, Sulzer Markets and Technology Ltd
	CH – Switzerland

	14
	Precitec KG
	DE – Germany

	15
	SR Technics Switzerland
	CH – Switzerland

	16
	Rheinisch-Westfälische Technische Hochschule Aachen
	DE – Germany

	17
	BCT Steuerungs- und DV-Systeme GmbH
	DE – Germany

	18
	Council for Scientific and Industrial Research (CSIR)
	ZA - South Africa


1.3. ACHIEVEMENTS

Below you find the objectives of the FANTASIA project according to the description of work (DoW). Please summarize the achievements on a partner by partner basis very short in bullet points and refer to the corresponding objectives from the DoW. Again it is important to note that we expect only the most important achievements per partner. Take into consideration that things like “set-up…., definition of…, first investigations have been carried”…are only activities but not achievements. This has been one of the most important critics of the EC officer about previous reports!

FANTASIA´s scientific and technological objectives for the whole period (from description of work)
1. Development of process layout for LMD to achieve the following characteristics with respect to material, part quality and economy:
- processibility of large parts without process chamber
- first time processibility of the advanced materials TiAl, Udimet 720 
- quality of generated volume without oxidation, pores, bonding defects, cracks
- 50 % reduction of dimensional accuracy from 0.3 mm to < 0.15 mm
- 57 – 75 % reduction of distortion from 0.4 – 0.7 mm to 0.1 – 0.3 mm dependent on part
  size
- 40 – 50 % reduction of surface roughness from Rz ( 60 – 100 µm to Rz ( 30 – 60 µm
- 43 – 50 % increase of build-up rate from 0.7 - 0.8 kg/h to 1 – 1,2 kg/h by combination 
of
  powder and wire additives
- increase of powder efficiency from 50 – 80 % up to 100 %
2. First time development of process layout for DLF to achieve the following characteristics with respect to material, part quality and economy for aero-engine parts:
- first time processibility of different Inconel alloys
- quality of parts without oxidation, pores, cracks and bonding defects
- 75 – 83 % reduction of dimensional accuracy from 0.2 – 0.3 mm to < 0.05 mm
- 50 – 62 %reduction of distortion from 0.3 – 0.4 mm to 0.15 mm
- 50 – 60 % reduction of surface roughness from Rz ( 50 – 70 µm to Rz ( 20 – 35 µm
- increase of build-up rate from 2 – 10 cm³/h to 20 cm³/h by skin-core strategy

3. Development of heat treatment cycles before and after laser treatment to get microstructures and thermal stress fields which meet the mechanical properties

4. Determination of static and dynamic mechanical properties of the laser processed and heat treated samples together with correlation of these properties with microstructure and stress fields

5. First time work out of acceptance + NDT inspection criteria for LMD and DLF processes (correlations between tolerable defects, microstructure, mechanical properties, process parameters)

6. Support of the process development by simulation of temperature, stress fields and microstructure formation to predict process parameters and build-up strategies

7. Development of equipment for LMD and DLF processes
- processing heads, including powder feeding nozzle and shielding gas unit for 3D
  processing
- process chamber for DLF with new features
- Software for CAD/CAM integration
- Sensors and systems for on-line process control

8. New manufacturing and repair chains by combination of conventional (e. g. casting, milling, joining) and laser based techniques (LMD, DLF) and comparison of conventional and new repair/manufacturing chains with regard to technical and economical aspects

The input from the following partners is missing:
Precitec (draft available but not reworked) Please put in 1 figure!
TM (draft available but not reworked) Please put in 1 figure!

Arts (draft available but not reworked) Please put in 1 figure!

UoM ?? Please put in 2 figures, one for ultrasonic powder nozzle and one for modelling
RR??

Results achieved (whole project duration): 

1. LMD process development for different materials (Objective 1)
1.1 SX Rene N5

· A LMD process layout for the repair of SX shrouds made of Rene N5 has been developed using Rene N5 as additive material. The following features were achieved:

· Layer thickness up to 0.8 mm by multiple layer cladding of 3-4 layers (Fig.1)
· Minimum distortion of the shroud (< 0.01 mm) by active water cooling 
· No rounding of the edges by adapted parameters for LMD (low laser power)
· SX structure in the cladded volume by adapted process parameters determining solidification and temperature gradient; despite the top region (< 200 µm thickness) and the edges
· No hot cracking in the areas with SX solidification

· Remaining risk of hot cracking in areas with non-SX structure
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Fig. 1: Cross section of Rene N5 on SX substrate cladded by LMD: SX solidification achieved 

1.2 Titaniumaluminide

· A LMD process layout for the joining of Ti-48Al-2Cr-2Nb plates has been developed with the following achievements:

· No cracks in the welded area due to preheating above 750 °C and slow cooling after joining (10 K/s)

· Minimum distortion (below 1 °) due to suitable clamping

· Minimum surface oxidation due to joining in an inert gas atmosphere (< 50 ppm O2)

· LMD of Ti52Al46.8Cr1Si0.2 alloy was performed successfully with no cracks and distortion less than 1.5 degrees at a preheating temperature of 900°C
1.3 TiAl6V4

· Development of process layouts and parameters for Ti6Al4V by LMD free or with minor defects (isolated porosity with pore size < 60 micron
) 

· LMD: achievement obtaining weld joints without defects (oxide formation, pores, lack of fusion at centreline, non melted particles) for materials difficult to weld (Inconel 718, Ti6Al4V, Waspaloy
). 

· LMD: Macro and micrograph analysis of test samples, mock-ups and parts made of different materials (IN718, Ti6Al4V, Waspaloy) (WP6
)

1.4 In 718

· Development of process layouts and parameters for In 718 by LMD free or with minor defects (isolated porosity with pore size < 60 micron) (Objective 1)

· LMD: achievement obtaining weld joints without defects (oxide formation, pores, lack of fusion at centreline, non melted particles) for materials difficult to weld (Inconel 718, Ti6Al4V, Waspaloy
). 

· LMD: Macro and micrograph analysis of test samples, mock-ups and parts made of different materials (IN718, Ti6Al4V, Waspaloy) (WP6
)

· TWI developed low heat input LMD process parameters set for Inconel 718. Despite a low heat input was used, powder catchments efficiency approaching 70% and deposition rate of 240g/hr were achieved. Using the procedures developed in this work, cylindrical bosses of 150mm outer diameter (OD) and 100mm ID were successfully deposited onto engine casing of 3mm thick, with acceptable distortion
.

· Three batches of In 718 powder were produced by TLS by using 3 different gases/gas combinations for atomising: Ar/Ar, Ar/N2 and N2/N2 to determine the influence of the atomising gas on the quality of the obtained powder additive material. Cubes are laser metal deposited and analysed visually and metallurgically regarding surface conditions, microstructure and defects. Finally powders as well as the deposits are investigated and compared regarding their chemical composition. The following results are obtained:

· All powders meet the specified chemical composition and have almost the same element distribution except the Nitrogen content of the powder batch atomised by using only Argon is more than four times less than the Nitrogen content of the other two powder batches.

· The chemical composition of the laser metal deposited material is comparable to the chemical composition of the accordant powder additive material. Except the Nitrogen content, that is smaller in all deposits than in the accordant powder.

· The powder atomised by using only Argon consist of the most homogeneously shaped grains and the least number of grains smaller than 45 µm.  

·  The comparison of the laser metal deposited cubes shows comparable results regarding surface conditions, micro structure and defects: no cracks and no bonding defects could be detected, and only few pores.
1.5 Waspaloy

· Development of process layouts and parameters for Waspaloy by LMD free or with minor defects (isolated porosity with pore size < 60 micron) (Objective 1)

· LMD: achievement obtaining weld joints without defects (oxide formation, pores, lack of fusion at centreline, non melted particles) for materials difficult to weld (Inconel 718, Ti6Al4V, Waspaloy
). 

· LMD: Macro and micrograph analysis of test samples, mock-ups and parts made of different materials (IN718, Ti6Al4V, Waspaloy) (WP6
)

· Improvements in weld quality regarding cracks for LMD-processed Rene142, Waspalloy and IN738 material
.
1.6 Buid-up strategies
· Development of LMD strategies to do deposits with an angle to the perpendicular axis of the surface, to allow deposits on parts where a deposition angle of 0 is not possible (e.g. due to accessibility problems). An angle of 40° to the perpendicular axis of the surface with “good deposits” could be achieved. “Good deposits” have been defined by: good bonding, low porosity (pores < 0,05mm), no cracks, powder efficiency > 80
%

1.7. LMD processing of mechanical test samples
· Manufacture of mechanical test samples made of In718, Ti6AlV4 without significant distortion (curvature angle after LMD < 3
º).

· Designed and welded several mock-ups simulating multiple part repairs (eroded rims, flanges out of flatness, eroded screw holes, etc.) (WP1
)
2. SLM/DLF process development for different materials (Objective 2)
2.1 In 718
· A SLM / DLF process layout and process parameters have been developed to manufacture components out of Inconel 718. A microstructure with almost 100% density, no bonding defects and no cracks has been achieved, as well as a significant improvement of the surface quality (Ra < 20 µm). Combined with a post heat treatment, excellent static mechanical properties have been demonstrated (e.g. ultimate tensile strength up to 1460 MPa) that are comparable to or better than the properties achieved by conventional manufacturing techniques. (Objectives 2, 3, 4)

· TWI developed DLF/SLM procedures for Inconel 718 using MTT’s Selective Laser Melting system. Fully dense thin wall structures of 0.2mm were achieved in this work. Tensile test samples were being tested at Rolls-Royce and a number of mock-up samples were produced.
2.2 Mar-M 247

· For the first time, extensive process development for processing the alloy Mar-M-247 by SLM / DLF has been performed. In spite of the considerable challenges (Mar-M-247 is known to be almost not weldable due to crack formation), significant progress has been made towards manufacturing crack-free components. With high temperature preheating and appropriate post processing, virtually crack free parts have been manufactured and promising mechanical properties have been achieved, e.g. an ultimate tensile strength of 670 MPa. (Objectives 2, 3, 4, 7)

2.3 Aluminum alloy

· Complex shaped components for a helicopter engine have been manufactured by SLM / DLF out of the aluminium alloy AlSi10Mg. With this material, the build up rate has been increased above 20 cm³/h so that the application of SLM / DLF for series production appears economically viable. (Objectives 2, 8)
3. Powder atomization (Objectives 1,2
)
· Atomization process parameters for IN 718; IN 909; MAR-M 247 and Waspaloy for LMD and DLF application have been determined
· Optimized process parameters for the atomization of Ti6Al4V for LMD and DLF application
 have been developed
 
· Data of the gas content for the relevant powder fractions
 in relation to the feedstock material

· Influence of argon and nitrogen and a mixture there of
 to the gas content of the powder. An increase of nitrogen to the same level in the IN 718 powder
 was shown for

a) melting and atomizing with pure nitrogen; 


N2 content 230 ppm

b) melting under argon atmosphere and nitrogen atomizing
; 
N2 content 230 ppm

as reference the argon process 

c) melting and atomizing with pure argon; 



N2 content 55 ppm

The oxygen content in all three process variations is stable at 40-50 ppm

· Differences in the particle size analysis methods between sieve analysis and optical particle size analysis were pointed out
4. Heat Treatment (Objectives 1,2,3)
4.1 Preheating during LMD and DLF

· A direct ohmic sample heater was designed and commissioned for heating of TiAl alloys up to 1300°C. It was successfully tested for LMD welding of a TiAl alloy
.

· A high temperature preheating system for heating the SLM / DLF build platform to a temperature up to 900°C was designed, manufactured and tested at Fraunhofer ILT (objective 7)
4.2 Post weld heat treatment

· A post weld heat treatment for joined Ti-48Al-2Cr-2Nb was developed to regain the original microstructure, to reduce the hardness in the weld and the heat affected zone and to reduce residual stresses 

· Pre- and post heat treatment for Inco 718, Waspaloy, Ti6Al4V and Rene N5 (CMSX4) have been investigated

5. Equipment for LMD (Objective 7)
5.1 Powder nozzles

· At LLT a small coaxial continuous powder nozzle with integrated water cooling and one powder injection only was basically improved towards an increased accessibility through decreased geometrical dimensions (diameter powder nozzle = 26 mm). The water supply and the powder injection tubes are located on one side only to improve accessibility for this purpose (s. objective 6).
· A coaxial powder nozzle with three powder injection tubes was improved at LLT towards increased powder efficiency through a decreased powder focus. Depending on the particle size distribution, the diameter of the powder focus was decreased from 600….800 µm to 100….400 µm. With this powder focus for laser beam diameters of 400 µm or more the powder efficiency is increased to approx. 100 % during LMD (s. objectives 1 and 6, LMD).

5.2 Processing heads

· A coaxial cladding head for inside cladding was designed, manufactured, assembled and tested at LLT (s. objective 6 and objective 1, LMD, s. Fig. 2). 

· A novel zooming device is integrated in the coaxial cladding head which now enables to vary the diameter of the laser beam at the work piece from 0.7 – 2 mm. 

· By applying a novel optical system with integrated CCD camera, now process monitoring coaxial to the laser beam is possible.
· Powder efficiency is depending on powder grain size and laser beam diameter at the work piece, up to 80 %.  

· Coaxial cladding heads usable with a minimum beam diameter of 0.7 mm and a powder efficiency up to 80 % before were available with a minimum processable inner diameter of approx. 150 mm. This is now reduced to a minimum inner diameter of 105 mm.

· The maximum applicable laser power is 1.5 kW.

· The usable processing length of inner contours is 900 mm.

· To compensate deformation of cladding head components or sag, an angle adaptation is integrated.
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Fig. 2: Coaxial cladding head for inside cladding

5.3 Powder delivery system

· Optimization of a powder feeding system for powder delivery with an accuracy of 2% at 0,4 g/min for Nickel-alloys

· Set up and test of a sensor to monitor powder gas flow rates. Accuracy of that sensor is +-10
%.

5.4 LMD plants
· Implementation of an all new fiber laser system for aero engine applications, including state-of-the-art powder nozzle equipment.

6. Equipment for DLF

6.1 Process chamber

6.2 Levelling system

7. Sensors and systems for on-line process control (Objective 7)
· LMD process control by temperature-power control loop (2 colour pyrometry). This system is able to keep the interaction temperature constant (±50ºC) by a continuous adaptation of the laser output power. This ensures more homogeneous and reproducible geometry of the LMD layers.

· Experimental LMD melt pool temperature and cooling rates measurement by 2-color pyrometry for the validation of numerical models. Experimental tests showed a direct relationship between the layers cooling rate and layer geometry and grain size. Comparison between numerical and experimental data has been done by UoM
. 

· Set up of process monitoring system LWM (Laserwelding Monitor) from Precitec and doing LMD tests showing relations from laser power to melt pool temperature. Furthermore it could be shown, that the sensor reacts on geometrical inhomogeneities in the substrate
. 

8. Software for CAD/CAM process chain

· Design and realisation of new adaptation methods and data connections to machining equipment  to support the implementation of automated LMD processes for manufacturing and repair chains incl. pre and post processing 

· Development of specific adaptation algorithms and adaptive LMD strategies. Integration of BCT software into Trumpf NC equipment for automated LMD of leading edges of RRD blisk blades. Algorithms for full geometrical adaptation of master NC laser paths to the individual repair blade geometry. Adaptation of tool path to shape of blade (leading edge). Adaptive blisk blade LMD trials on Trumpf 5 axis machine

· Successful tests
 at the centrifugal impeller 
· Process chain for processing the parts using LMD on different machines (impeller application). Weld prepare and measuring as well as LMD and the succeeding re-profiling can be carried out on different machines
 
· CT scans for Ti6Al4V LMD test samples used for the Fan Blade repair proofed pore and defect size below 30μm (WP6
)

9. Modelling (Objective 6)
9.1 Modelling for LMD

· A three-dimensional quasi-stationary finite element model of laser metal deposition (LMD) by coaxial powder injection has been developed for single and overlapping tracks (Fig.3) .The model takes into account the interaction of powder particles with laser radiation. The particle density distribution is described and analyzed by a statistical model. An analytical model for Marangoni convection has been developed.

· The results of the investigations show that the shaping of melt pool surface is governed by the capillarity forces and cannot be modeled in general by the local mass balance. Therefore the melt pool surface has been calculated on basis of the pressure balance equation. 

· An analyzer for LMD has been developed which determines the local solidification conditions. With that and information from material science it is possible to predict microstructure. The analyzer has been used to determine a processing window which imply solidification for SX crystallization.
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	Fig. 3: 3D temperature field for single and overlapping track (Top Hat, D= 1.5mm, PW=358W, vv=300mm/min, mP=1.357 g/min.




9.2 Modelling for DLF

· A three-dimensional transient finite element model of DLF process has been developed with the objective to analyse respectively predict the transient temperature during processing as a function of process parameters and part geometry. The part growth is modelled by using continuous deformable element technique. 
· The stress and distortion during DLF process has been analyzed. The results show that scanning strategy and stiffness of the part are essential parameters for DLF and cannot be neglected as recently stated in the literature concerning simplified models for DLF process.
9.3 Modal analysis and stress strain analysis under service conditions

· Three turbine engine parts, such as compressor blade, turbine blade with cooling channels made of alloy Ti-6Al-4V and nozzle guide vane made of alloy Mar-M247 have been modelled with software SolidWorks modules. Modal analysis and stress state analysis in service conditions of the original and repaired engine parts have been carried out by finite element software ANSYS, COSMOSFloWorks and COSMOS Works. The numerical analysis has been performed for possible ranges (obtained from literature) of physical and mechanical properties of repairing alloys. The analysis has been carried out without taking into account residual stresses that can be arisen in processing of repair. 

· The modal analysis of original and repaired turbine parts showed insignificant changes (doesn’t override 1.1%) in the modal forms and eigenfrequencies, that doesn’t influence the lifespan of repaired parts.

· Lifespan of repaired compressor, turbine blades and nozzle guide vane will be not decreased in comparison with lifespan of these parts before repair in the case of same or higher fatigue durability of repairing material in comparison with base material for considered range of mechanical and physical properties and forms and sizes of repaired zones..

· In the case that the repaired zones are larger then analysed or/and differences between mechanical and physical properties of base and repairing alloys are more, than considered in the framework of this project, it is necessary to carry out additional numerical analysis for evaluation of changes in stress state of repaired engine parts.
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Fig. 4 Different sizes and positions of the repaired zone in a compressor blade

10. Static and dynamic mechanical properties (Objective 4)
10.1 LMD

· Comparison between mechanical properties of unwelded and welded (LMD) TiAl specimens
. Avio)
· Tensile tests on IN718-LMD-specimen have been carried out at high temperature 600ºC (WP 7)

· Tensile tests on Ti6Al4V-LMD-specimen have been carried out at intermediate temperature 300ºC (WP 7)
· Determination of static and dynamic mechanical properties of LMD processed and heat treated IN718 samples.
· Ultimate
 tensile strength, tensile yield stress, modulus of elasticity and low cycle fatigue properties of original and LMD processed Ti6Al-4V alloy at room temperature (20°C) and operating temperature (300°C) have been investigated.

The following results have been obtained at room temperature (20°C):

The ultimate tensile strength of base alloy Ti6Al4V (ut = 1125 MPa and of alloy Ti6Al4V LMD processed (ut = 1145 MPa. The tensile yield stress of base alloy Ti6Al4V (Yt = 1009 MPa and of alloy Ti6Al4V LMD processed (Yt = 1068 MPa. The modulus of elasticity of base alloy Ti6Al4V E = 137 MPa and of alloy Ti6Al4V LMD processed E = 141 MPa.

The following results have been obtained at temperature 300°C:

The ultimate tensile strength of base alloy Ti6Al4V (ut = 834 MPa and of alloy Ti6Al4V LMD processed (ut = 794 MPa. The tensile yield stress of base alloy Ti6Al4V (Yt = 721 MPa and of alloy Ti6Al4V LMD processed (Yt = 686 MPa. The modulus of elasticity of base alloy Ti6Al4V E = 99 GPa and of alloy Ti6Al4V LMD processed E = 96 GPa.

· Ultimate tensile strength and module of elasticity at room temperature are more than 11.1-21 % in comparison with results mentioned in the literature. Module of elasticity at temperature 300°C are more than 6 % in comparison with results mentioned in the literature.The yield tensile stress obtained from the tests are in agreement mentioned in the literature range of values.
· Fatigues properties of base alloy Ti6Al4 and alloy Ti6Al4 LMD processed have been determined. The LCF tests are in processing, results will be presented in July

· Initial validation of mechanical properties by LCF testing for Waspaloy and Inco 718 showed a wide spread in life cycles to failure due to inhomogeneity in the weld seam. This results in the need of further tests (WP7
)

10.2 DLF

11. NDT investigations (Objective 5)
· Manufacture of NDT blocks (Ti6Al4V, Waspaloy, In718) for NDT evaluation (eddy currents)
· Produced some reference blocks for Eddy Current Inspection confirming that detection limit of the technique is around 0,1mm although the limit could be lowered up to 0,06mm (WP 8)
· X-Ray, FPI and visual inspection done for all mock-ups, mechanical tests and samples. Confirmed that detection limit is established not below 0,06mm (WP8)
· Available NDT techniques such as x-ray, ultra sonic and FPI validated on DLF test wedge and suitability of x-ray confirmed
.
 Holes of 0.5mm in wedge could be detected (WP8)
· Successful
 application of industrial NDT processes (FPI, RX, UT, EC) to TiAl alloys. Results shown that, with a suitable calibration, traditional aerospace inspection processes  are useful for investigation of intermetallic material. On machined specimens, with flat surfaces, the best resolution of 40 (m has been reached with MicroFocus X-ray equipment (DoW requirement). (Avio)
12. Process chains for real parts (Objective 8)
12.1 LMD

· LMD processing parameters for In718 OGV flanges and Ti6Al4V Afterburner flanges (exhaust liner
??) 
· Two scrap parts
 made of Inconel 718 and Ti6Al4V have been successfully welded without microstructural defects and without relevant distortions (WP9).
· Development of an IN718 LMD repair process for an aero engine component, the LTP
 Nozzle Inner Air Seal, with challenging accessibility, weld geometry and distortion. Metallographic analysis on Nozzle Stationary Inner Air Seal showed equal or better microstructure as manual TIG concerning repeatability of HAZ, grain size and defect concentration. This repair is technically completed and fully approved as the first repair within this project (WP6/WP9). Economical assessment for Nozzle Stationary Inner Air Seal performed. The possible savings for our customers are around 40’000USD and the repair yield increased from 30% to almost 100% (WP10)
· Complete repair chain qualified together with SRT
.

· Development of an Inco909 LMD repair process for another aero engine component, the HPT Shroud Nozzle Support, with challenging accessibility, weld geometry and distortion.

12.2 DLF

· The application of the SLM / DLF technique for manufacturing or repair of components out of Inconel 718 has been demonstrated for combustion swirler and boss for a casing. ITP welded boss fabricated by SLM/DLF on Plenum Case by TIG and compared microstructure with original cast part. Results show some pores at DLF against defect free cast part 
· A new repair chain for aero engine components based on replacing defective material by an individual patch manufactured by SLM / DLF has been demonstrated for a high pressure turbine nozzle guide vane. 
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Fig. 4: New process chain for repair of a high pressure nozzle guide vane. Left: Prepared vane. Middle: Individual patches made by SLM / DLF. Right: Repaired vane, patch welded into vane.

1.4. DISSEMINATION AND EXPLOITATION
FANTASIA will deliver new manufacturing and repair methods for use in “older generation” and in future advanced performance aero engines. In addition, it will contribute to a higher level of improvement in the reduction of emissions, fuel consumption, manufacturing and repair costs, engine reliability and raw material use that can be achieved in short, mid and long term development. 

The most important exploitable results foreseen from the project are: procedures for repairing each of the specified materials and each part to be manufactured or repaired, newly developed powders and wires, acceptance and NDT inspection criteria, newly developed sensors and control and monitoring software, modelling software and equipment (e.g. powder nozzles, combined powder-wire feeding system) . 
The dissemination activities represent a very important part of the FANTASIA project workprogramme. For this, especially the R & D and Universities performers play an important role. The following key dissemination actions may be noted:
· A meeting at the end of September 2007 in Pau (France) was attended by the WP10 (Exploitation and Dissemination) leader, the Technical Project co-ordinator and Administrative co-ordinator in order to define some aspects, ideas and actions with regard to the exploitation and dissemination package. For instance, the activities of all work packages were clustered into 4 groups. Implementation Plan template and IPR claim template were defined and examples were created. Additionally, definition and fundamental aspects of dissemination and exploitation of the results was done. It was decided to report to the WP 10 leader workshops, publications or any event planned. These documents have been modified and changed during the project as WP 10 covers entire period of it. These activities have been continued for the whole project period.

· Project Web site. A web page of FANTASIA project has been developed and can be freely visited at http://www.fantasia.aero/. Plain description of the project, objectives, results, participants, etc. is collected at the web page. A FTP server was created for members of the Consortium to share reports, results and any other information via Internet with safety restrictions. Only members of the project are allowed to enter and access information. 

· Technical workshops, mainly focused on emphasize technical improvements achieved by laser technologies, may present them as new and improved process among existing technologies. A seminar “Laser application in turbo machinery” was carried out at  22nd June 2007, Munich, Germany.

· Press conferences at trade fairs, with dissemination of technical and economical improvements to place availability of the technique for final users. ILT and LLT highlight at the fair “Laser 2007”: Laser application in turbo machinery.
· In the framework of the International Laser Technology Congress (AKL 08) for the first time an EU Innovation Forum entitled “Laser Material Processing in Aeronautics” was carried out at on 7th may 2008. This Forum was visited by 126 participants and was subdivided into three sessions. EU forum Project Web site (www.fantasia.aero)
· The workshop “Laser Additive Manufacturing” was carried out in San Antonio, TX, USA, on 03rd and 04th march, 2009. Approx. 140 attendees made this first time workshop to a full success. The 1st presentation – keynote presentation – was given by Mr. Kelbassa (LLT) on “Laser Additive Manufacturing - A key enabler for future factories?” addressing future applications, exemplary out of the aero engine field of applications. The workshop got best critics in the press.
· The aerospace specific “Symposium for Aerospace Laser Applications – SALA” was carried out in Hartford, CT, USA, on 01st and 02nd april, 2009. More than 200 attendees coming just out of the aerospace field of application were interested in the latest developments and improvements. The latest FANTASIA results were presented by Mr. Kelbassa (LLT) who had also attended the SALA 2008 within the keynote presentation of SALA 2009. 

· Newsletters and scientific papers. Dissemination of technical results will consolidate the technique in the scientific field and will increase its reliability.

· Internal or external magazines showing partner capabilities and improvement of new technologies, and spreads its use in the industrial field.

All partners: Please fill in your activities in the following tables!
· Publications

	Partner/Names
	Name of the magazine
	Topics addressed 
	Publication frequency 
	Impact 
	Comments

	AIDO
	Photonics Valencia 2010, Proceedings ' The future of laser techonology in the industry' 
	Laser Material Processing
	2 years
	International
	May 12-13 2010

	UoR

A. Tishkunovs, S. Gluhihs, A. Korjakins, A. Popovs
	Avi
	
	
	
	

	UoR

A. Korjakins, S. Gluhihs, A. Popovs and A. Tishkunovs
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


· Fairs and Conferences

	Partner
	Name and Type of the event
	Topics addressed 
	Impact 
	Location 
	date 

	LLT


	Lasers in manufacturing LIM 2009, Conference accompanying the trade fair “Laser 2009”
	Latest improvements concerning “Direct Metal Deposition” achieved within FANTASIA
	International
	Munich, Germany
	June, 15th – 18th 2009

	ILT, LLT
	Laser 2009,

Trade fair
	Newest improvements concerning systems engineering such as powder nozzles
	International
	Munich, Germany
	June, 15th – 18th 2009

	LLT
	Industrial Laser Applications Symposium – ILAS 2009,

Symposium
	Laser additive manufacturing possibilities and advantages for the factory of the future
	International
	Cambridge, UK
	July, 07th‑08th 2009

	LLT
	ICALEO 2009,

Conference
	· Program committee member “Laser Materials Processing”

· Session chair: “LMP 10 Additive Manufacturing: Ti Alloys”

· Instructor for “Laser Surface Treatment and Generative Process – Basics and Application Examples” within the Laser solution short courses

· Newest results achieved in projects such as FANTASIA


	International
	Orlando, Florida, USA
	November, 02nd‑05th 2009

	LLT
	PICALO 2009,

Conference
	Program committee member “Laser Materials Processing”, addressing the newes results achieved in projects such as FANTASIA  
	International
	Wuhan, China
	March, 23rd‑25th 2010

	LLT
	SALA 2010, Symposium of Advanced Laser Applications
	“Additive Manufacturing, repair and salvage of high-value aero-engine components by Laser Metal Deposition and Selective Laser Melting”, also containing the latest results of FANTASIA
	International
	East Hartford, CT, USA
	April, 14th-15th 2010

	LLT
	LAM 2010, Laser Additive Manufacturing Workshop
	“Additive Manufacturing, repair and salvage of high-value aero-engine components by Laser Metal Deposition and Selective Laser Melting”, also containing the latest results accomplished within FANTASIA
	International
	Houston TX, USA
	Mai, 11th‑12th 2010

	EU, ILT, TM, SI, LLT
	AKL 2010 Aachener Kolloquium Lasertechnik
	· European collaboration in Aeronautics

· Two lectures presenting the main results of the FANTASIA project

· Three lectures regarding the topic: ”Additive Manufacturing in Aeronautics and Power Generation”
	International
	Aachen, Gernany
	May, 05th‑07th 2010

	AIDO
	V Taller Nacional de Procesado de Materiales con Laser ( 5th Workshop of Laser Material Processing)
	Industrial Research of Laser Materials Processing
	Spain
	Paterna, Valencia
	Oct-08

	AIDO
	Photonics Valencia 2010. 'The Future of Laser Technology in the Industry
	Industrial Research of Laser Materials Processing
	Spain
	Paterna, Valencia
	May-10

	Trumpf
	ISM (International Sales Manager Meeting)
	Additive Manufacturing in aerospace industry
	National
	Ditzingen, Germany
	March 2009

	Trumpf
	Turbine Forum, Conference 
	Additive Manufacturing in aerospace industry
	International
	Nice, France 
	April 2009

	Trumpf
	MST Aerospace Forum
	Additive Manufacturing in aerospace industry
	National
	Cologne 
	May 2009

	Trumpf
	AKL 2010
	LMD equipment for aerospace components
	International
	Aachen, Germany 
	May 2010

	TWI
	LANE 2010
	Low heat input LMD for boss deposition
	International
	Erlangen, Germany 
	Sept. 2010

	SI
	Turbine Forum; Conference 
	Additive Manufacturing in aerospace industry
	International
	Nice, France 
	April 2009

	SI
	AKL 2010; EU innovation forum
	LMD in Turbo Machinery including presentation of the all new fiber laser into commercial LMD applications
	International
	Aachen, Germany 
	May 2010

	UoR
	
	
	
	
	

	UoR
	
	
	
	
	

	UoR
	
	
	
	
	

	UoR
	
	
	
	
	


Publications
:

1. A. Tishkunovs, S. Gluhihs, A. Korjakins, A. Popovs. Analysis of repaired gas turbine and compression blades, Aviation, 2, V12, 2008, p 46-50

2. A. Korjakins, S. Gluhihs, A. Popovs and A. Tishkunovs. Using  FEM analysis for evaluation of lifetime of the turbine blades repaired by the different kinds of titanium and nickel alloys. Advanced Materials Research V. 47-50, 2008, pp 37-40

Conferences
:

1. Seminar “Laser application in turbo machinery”, June 22nd, 2007, Munich, Germany and visiting the exhibition “Laser 2007, world of photonic”. A. Korjakins, S. Gluhihs (participation only)
2. International Conference on Multifunctional Materials and Structures MFMS2008, Hong-Kong –  July 28-31.2008, A. Korjakins (participation with presentation “Using  FEM analysis for evaluation of lifetime of the turbine blades repaired by the different kinds of titanium and nickel alloys”
3. International conference Aviation, 16 April 2008,  Vilnius, Lithuania, A. Tishkunovs (participation with presentation “Analysis of repaired gas turbine and compression blades”

4. International laser technology congress “AKL’10“, May 5-7, 2010, Aachen, Germany, S. Gluhihs, A. Tishkunovs (participation only)

Training activities
:

1. Seminar „The fundamentals of strain gage installation”, Stockholm, Sweden, 19.05.2008 – 21.05.2008, O. Ozoliņš (participation in training)
2. Seminar „Measurement with strain gages in experimental stress analysis and in the manufacture of transducers”, Stockholm, Sweden, 22.05.2008 – 23.05.2008, O. Ozoliņš (participation in training)
Fairs:

1. Paris Industrie 2010“, March 22-26, 2010, Paris, France, A. Korjakins, S. Gluhihs (visitors at the fair)
Avio

· ASNT Fall Conference and Quality Testing Show 2010 - Houston, 15-19 November 2010 (see attachment): AVIO - ENEA presentation: NDT analysis on TiAl materials 

· ICM11 International Conference on the Mechanical Behaviour of Materials - Milan 5-9 June 2010 (http://www.icm11.org) : AVIO - POLIMI presentation: determination of mechanical properties of unwelded and welded (LMD) of TiAl material
�








� In this report DLF and SLM will be used synonymical





�Bernabe ,Raul the same statement for all 3 materials? If not please modify for the different materials


�Raul, Bernabe I propose to combine these 2 points ??





�Raul I propose to delete this point because this is not an  achievement?





�Raul, Bernabe I propose to combine these 2 points ??


�Raul I propose to delete this point this is no achievement?


�Choon can you please add a photo of the boss on the casing including an underline?


�Raul, Bernabe I propose to combine these 2 points ??





�Raul I propose to delete this point because this is not an  achievement?








�Thomas kannst Du die Ergebnisse differnzieren für die verschiedenen Werkstoffe? 


�Herr Metzger bitte prüfen


�Bernabe is this o.k?


�Raul I propose to delete this point because its not a relevant achievement


�Herr Ludwig bitte genau prüfen


�Auch hier welche Legierung?


�Herr Ludwig warum müssen wir das in 2 Punkten darstellen? Können wir das nicht zusammenfassen


�Wo ist das zusammengefasst dargestellt ?


�Was meint genau in relation to the feedstock material?


�Thereof??


�Was meint same level in IN 718?


�>Diesen Punkt habe ich nicht verstanden weder vom Englischen noch vom Technischen!! 


�Charl can you please integrate 1 photo of your heating system including an underline?


�Raffael prüfen? Ich denke Ihr habt nur post heat treatment gemacht ?


�Herr Metzger bitte prüfen


�Bernabe please check these 2 sections


�Herr Metzger bitte prüfen


�Herr Kosche und Herr Metzger bitte prüfen. Haben wir ein schönes Foto, z.B die Blisk auf der Trumpf Anlage?


�Yann, Which tests have been carried out 


�Herr Kosche bitte prüfen


�Für welche Anwendung und welchen Prozess (LMD;DLF) ist das? Gehört das nicht zu dem Punkt NDT techniques? Bitte zusammenfassen


�LMD und Fan Blade repair angefügt


�Aleks please check this section. Maybe you can shorten it a little bit?


�When all the tests are available you should quantify the results!


�Aleks please check this section and if possible try to shorten it!


�Raffael sollen wir das nicht rauslassen? Der Punkt ist noch nicht abgeschlossen!


�Ist das so akzeptabel?


�Auch welcher Werkstoff (Mar M 247) mit welchem Ergebnis


�Bei der wedge gibts nur die bohrungen von 0.5mm durchmesser, nicht?


�Mauro can you specify the meaning of “successful” application Which NTD process leads to which results 


�Bernabe can you please integrate one photo from on eof the 2 parts?


�Which parts? Can we combine these 2 points?


�LPT?


�Raffael bitte prüfen


�Aleks please put your contribution into the corresponding tables!


�Please give clear  statements if you have presented own contributions or if you have “only” participated!


�Do you have carried out training or do you participated in training?


�Mauro please put your contributions into the corresponding tables.
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