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1 Executive Summary

This document gives an overview of the work carried out by the project Consortium during the development of the project
and shows the main results obtained regarding the goals and objectives initially planned for the project.

The intended public for the document is the general public, therefore some confidential information of the project’s
results is not shown in this report.



2 Overview of the technical work and main results
The objective of the CORE4.0 project has been the development of aluminium closed deck engine blocks in HPDC
technology using lost cores for the water jacket, intended for use in the new generation of Euro7 diesel engines.

The project tasks have been organized in 5 work packages, each of them with specific objectives, tasks and
deliverables.

WP1. Project management, coordination and dissemination.
T1.1 Project management
T1.2 Project results dissemination
WP2. Product development.
T2.1 HPDC die design and simulations
T2.2 HPDC die construction
T2.3 Ceramic core die design and construction
T2.4 Development of high-resistance ceramic cores
T2.5 Production (and analysis) of 200 ceramic cores
T2.6 Casting of 200 engine blocks
T2.7 Development of the de-coring process
T2.8 Pilot scale tests
T2.9 Final inspection and delivery of the blocks
WP3. Process development for mass production and validation.
T3.1 Develop pilot core-shop for mass production
T3.2 Manufacturing of ceramic cores for process validation
T3.3 Optimization of HPDC process for industrial mass production
T3.4 Improve de-coring equipment for mass production
T3.5 Process validation
WP4. Product validation.
T4.1 Preparation of the prototypes for the testing
T4.2 Characterization of the engine blocks
T4.3 Assembly complete engine MOT
T4.4 Characterization and endurance test of the engine
WP5. Business model validation and exploitation.

T5.1 Validation of CORE 4.0 business model and exploitation plan



T5.2 Coordination of Exploitation strategies and business plans
T5.3 Market contrast and research
T5.4 IPR management and coordination of partner agreements

All work packages have been completed during the 38-month duration of the project although some validation activities
of task 4.4 in WP4 are still active in the moment of this project final reporting.

2.1 Work package 2

WP2 was devoted to the product development and has been active since the beginning of the project until M19. The
leader of WP2 has been FAGOR and all members of the consortium have been active to contribute in this activity.

The main objective of WP2 was to develop a closed deck aluminum engine block through the ceramic lost core
technology compatible with Renault's M9T engine with the objective of reducing the total overall weight of the engine
and thus reducing CO2 emissions.

The design of a cast iron diesel engine block was adapted to be produced in aluminium HPDC, resulting in a 2.0 litre
diesel engine which shifted from long skirt design to a short skirt with bedplate. The total weight of the engine block,
including the bedplate, was reduced to almost half of the initial cast iron engine block.

2.1.1Development of the HPDC die

Fagor and Edertek have been responsible of the design and manufacturing of the HPDC die to produce the castings.
This sophisticated die and all necessary ancillary elements such as lubrication tools and robot grippers have been
designed with the use of simulation tools to make sure that the gating system, venting system and thermal control of the
die had the optimum design. The die, comprising 4 sliders and a squeeze pin system in the bearings, was built with an
external toolmaker and the first tests were carried out at Edertek’s 2.700Tn die casting machine in November 2016. The
first trials were made without using lost cores, in order to tune up the die casting die and the process parameters. These
first castings served to check the dimensional tolerances of the casting, analyse the internal metal quality and test some
mechanical properties.

Figure 1. HPDC die for CORE4.0 engine block



A dummy lost core was produced using additive manufacturing in ABS resin in order to check the core print system and
the robot gripper with a physical core, in the absence of real lost cores due to the delay that was accumulated in the
development of the ceramic cores.

2.1.2Development of the ceramic cores

In parallel, Rauschert has been in charge of designing and building the tool for the manufacturing of ceramic cores. A
pressing machine had to be modified and adapted to the requirements of the size and complexity of the water jacket,
due to the fact that there was no suitable machine available in the market. The pressing force and the dimensions of the
machine were increased and hydraulic and electric parts were added to a machine featuring a CNC control.

Figure 2. Pressing machine installed at Rauschert Italia

As a preliminary step, a first version of a simplified mono-cylinder ceramic core was produced, for which Rauschert had
a tool used in the development of ceramic cores before the CORE4.0 project. This mono-cylinder ceramic core was
tested at Tecnalia’s die casting facilities, in a die casting tool designed and built by Tecnalia for this purpose.

Figure 3. Mono-cylinder cores wihout coating (left ) and coated (right) inside pilot scale HPDC die



These preliminary tests were decisive in order to foresee the potential problems that could arise in the production of the
more complex 4-cylinder ceramic core. One of the problems that arose in this pilot scale tests was the penetration of
aluminium in the ceramic core, creating a cermet layer that could not be eliminated from the castings. Six different
coatings were analysed by Tecnalia in collaboration with Rauschert in order to prevent the penetrations and laboratory
tests were performed to identify the most suitable candidates. The 2 most promising coatings were tested in real HPDC
conditions with the mono-cylinder tool and finally a boron nitride coating was chosen. It also was observed that the
strength of the cores was not enough to withstand the injection forces of the HPDC process and so the ceramic material
would have to be reinforced. Different firing temperature levels were tested for the ceramic material, and 3 point bending
tests were carried out to measure the bending resistance of the cores at each firing level.

The tool for the 4 cylinder water jacket was developed and manufactured by Rauschert Heinersdorf Pressig in
collaboration with Rauschert Italia, because there was no external supplier with enough skills and know-how to perform
the job. In order to get all the technical information necessary to design the final 4-cylinder mold, Rauschert developed
the first version of the mono-cylinder tool by building new ones focusing on the study of the geometry of the crown and
of the channel. The development of the tool accumulated some delay due to the problems encountered during the
experimentation with the mono-cylinder tool and also due to the high complexity of the tool. Once the tooling was built
and the pressing machine had been adapted, the first pressing tests at Rauschert Italia were performed in June 2017.

LT

Figure 4. First pressed ceramic core

The first results were not positive, resulting in tool damage in some critical areas due to the extreme forces exerted
during pressing. The most critical area was in the long channel connecting the water-jacket to the water-pump. It was
decided to modify the tool and supress completely the channel and avoid the tool cracking in this area. This was a
decision to unblock the situation of the project, which was accumulating an important delay, and in August 2017 finally a
batch of 4 cylinder cores without the channel was produced and delivered to Edertek for the casting trials. In parallel,
some design modifications were agreed with Renault in the channel geometry in order to reduce stress concentrations in
the tooling and the tool was modified for a future batch of final prototypes with channel.

The first casting trials with ceramic cores without the channel were carried out in September 2017. A batch of 50 ceramic
cores at 2 different sintering levels was produced and some issues arose regarding the dimensional accuracy of the
cores and their strength.

Regarding dimensional accuracy, it was observed that there were deformations, believed to be produced during the
sintering process, which made it difficult for the ceramic core to fit in the core prints position. Consequently, many cores
were broken during the loading operation because of the stresses exerted to put them inside the die casting die. These
deformations were produced because the sintering temperature applied was higher than initially expected.



Figure 5. Ceramic core without channel

The other main issue was that the area were the channel had been removed remained with very thin wall thickness and
this produced a weakness area were cracks could be observed after sintering the cores. Consequently the cores could
not resist the injection forces and the HPDC process parameters such as speed and pressure had to be reduced below
the acceptable limits of HPDC process. The result was a batch of castings with many broken cores and rather poor
casting quality due to the very low speed and pressure applied. On the positive side, 3 castings could be sent to
Slovenia to be used in the experimentation of the de-coring process that was being developed by Ferro Ctralic. Another
positive outcome of this first batch was to confirm that the BN coating applied in the cores was effective in preventing the
aluminium penetrations inside the ceramic material.

Figure 6. First batch of prototypes using 4 cylinder ceramic cores without channel.

As a conclusion of this first batch it was necessary to increase the strength of the cores, for which different additives
were studied by Rauschert. Apart from adding special binders to the ceramic material, Rauschert opted for the
application of a treatment with a gluing agent to impregnate the porosity of the ceramic material and make it stronger. A
second batch of reinforced ceramic cores was produced in November 2017; the result was better than in the first trials,
but still not showing enough strength to withstand the HPDC casting conditions. A batch of 6 castings with unbroken
cores could be produced during these trials, which would also serve for the development of the de-coring process, as
well as for the set-up of the machining and BSC coating operations at Renault.

As a conclusion of the activities in WP2, two lines of action were agreed in the project team. On the one hand, ceramic
cores had to be improved for increased resistance, although this would affect negatively the de-coring process. On the
other hand, HPDC process and tool would have to be modified and adapted to obtain the required quality with lower
speed and pressure than standard HPDC parameters.



2.1.3Development of the de-coring equipment.

Another crucial activity has been the development of a de-coring equipment capable of removing the ceramic core from
the casting, leaving the water-jacket cavity completely clean of ceramic material. FerroCrtalic has been responsible to
carry out these activities, focused on designing, constructing and testing of tools, equipment and procedures for de-
coring. Development of innovative technology dedicated to de-coring of aluminium engine blocks crucially depended on
defining workpiece specificities, which needed to be carried out in parallel with designing and setting-up the main
segments of the cleaning procedure.

The equipment conceived for this project uses ultra-high pressure water jet technology with rotating lance nozzles that
get inside the cavity of the water jacket. The de-coring cabin is equipped with a rotary table that allow loading the part in
one side while another piece is being cleaned inside the cabin. The lance is positioned in each opening of the top face of
the engine block by means of a robot, allowing access of the water jet inside the water-jacket cavity while the casting
remains static in a fixed position. The chipped ceramic material is evacuated from the casting by the flow of water and
partially dissolved. The water used in the operation is collected in a reservoir for sedimentation of the ceramic debris and
could be further treated by filtration to be re-used. Extensive work was performed in designing and testing different
nozzle tips, with specific parameters that lead to different kind of water-jet size, shape and energy, which in turn perform
quite differently in destroying the ceramic material.

The development of the de-coring station was done in parallel with the development of the ceramic cores and the casting
process. The first prototypes produced with mono-cylinder cores and the prototypes of 4 cylinder cores without the
channel could be de-cored rather easily and in reasonable cycle times.

2.2 Work package 3

Work package 3 has been devoted to the development of the process for the mass production of aluminium closed deck
engine blocks using ceramic lost cores in HPDC. The 3 main processes (ceramic core production, HPDC-LC casting and
UHP de-coring) have been further developed and optimized in order to achieve a level of maturity that could allow for
industrial mass production of the final product.

2.2.1Development of pilot core-shop for mass production

Rauschert and Tecnalia focused in a first period to improve the resistance of the ceramic cores, as stated at the end of
WP2. An infiltration process was developed to increase the resistance of the cores significantly, leading to a strong
material that could resist the forces of the HPDC injection. Once the ceramic core was pressed and fired in the kiln, they
were infiltrated with a gluing element and a second firing was carried out to dry the cores completely and achieve the
required mechanical strength. On average, an improvement of 30% could be observed in the bending strength of the
measured test bars.

Rauschert defined the process steps and equipment necessary for the industrial scale production of ceramic cores,
based on a scenario of producing 200.000 engine blocks per year. A flow chart was defined with all the different steps of
the ceramic core production, from raw material selection, preparation of the mixture, pressing of the core, sintering,
infiltration, drying, quality check and packaging. The necessary equipment was defined (spray dry mixers, press, kilns,
etc.), together with the calculation of required personnel for each of the steps and a layout of the core-shop was also
defined.

10
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Figure 7. Pressing machine (left), pressing tool with ceramic core inside (center) and cores ready for sintering (right)

2.2.2Optimization of HPDC process for mass production:

Different casting batches were produced in order to optimize production parameters in real operating conditions, with the
aim to stablish the key parameters to and obtain realistic production ratios to validate the business case proposal.

As an initial step for WP3 and based on the conclusions of WP2, the casting team worked in producing castings with the
lowest possible velocity and pressure while keeping the quality level at the required level. This development phase was
initially done without ceramic cores and the castings were analysed using Xray equipment as well as optical microscope.
The die design was reviewed and some modifications were done in the tooling to allow for a good filling of the die cavity
at lower velocities. Once the die and casting parameters were tuned for optimum quality at the lowest filling velocities,
the process optimization phase continued, using ceramic cores.

The final batch for product and process validation was manufactured in February 2018, producing over 40 good castings
with ceramic cores with the channel. The cores had been improved in terms of pressing quality and reinforced with the
infiltration, as well as coated to prevent penetrations. The reinforcement of the cores, together with more gentle HDPC
injection conditions, lead to a successful result during this final production batch.

11



Figure 8- CORE 4.0 Closed deck engine block in HPDC-LC

2.2.30ptimization of de-coring station for mass production

FerroCtralic has been responsible to optimize the de-coring equipment developed for the project, with the target to
achieve the cycle time and cleanliness requirements. The optimization of de-coring process was in the focus of the WP3
activities with specific aims to process (de-core and clean) HPDC blocks containing ceramic core for further use in
validation of the product and improve de-coring equipment and process to the stage enabling assessment and validation
in terms of mass production process.

Different parameters have been optimized; nozzle design, water pressure and volumetric flow, nozzle rotation and
advancing speed, robot de-coring strategy, etc.

In spite of all the optimizations carried out, the cycle time finally achieved for the CORE4.0 engine block was too high
and not feasible for a mass production. However, the main reason for the long cycle time was mostly linked to the
complex geometry of the core, especially in the water-channel area. For the rest of the core, if certain design parameters
are respected, the de-coring operation would be feasible within reasonable cycle times. These design restrictions were
taken into account in the definition of the ideal ceramic core design, as part of the process validation results.

12



Figure 9. Automated UHP de-coring machine

2.2.4Re-design of the ideal water jacket for mass production

Although it was initially planned to produce up to 2.000 engine blocks in a continuous manner in order to validate all the
process steps (Ceramic core manufacturing, HPDC-LC casting and UHP de-coring), during the development of WP2 and
WP3 it became evident that the extra strength given to the core to resist the forces during the injection of aluminium, had
in turn a back draw in the de-coring process. The cycle time necessary to completely clean the engine blocks was too
high and it would be irrational to go ahead with the production of 2.000 units. The difficulties in de-coring were closely
linked to the geometry of the ceramic core, which had a very intricate geometry, especially in the water-channel area.

It was agreed with the PO and amongst the consortium to change the objective of WP3 in this respect, and focus instead
in the re-design of a water-jacket that would be feasible for all 3 steps of the process (Core making / HPDC-LC / De-
coring) at the productive ratios defined, while maintaining the functional requirements for the correct cooling of the
engine combustion chamber.

During the development of WP2 and WP3 enough experience was gathered to identify the critical points for each of the
technologies (Pressing / sintering / casting / de-coring) in a qualitative and quantitative way, so that the consortium
members could define the specifications for the new water jacket design in detail.

2.3 Work package 4

Work package 4 deals with the functional validation of the product developed in the project, the closed deck aluminium
engine block for diesel applications. Renault is the leader of this work package, for which a complete engine had to be
produced and assembled using current MIT engine components and also new specific parts such as the engine block
and the bedplate, also manufactured in aluminium.

13



The castings produced using ceramic lost cores and de-cored by means of UHP water jet de-coring equipment were
delivered to Renault Cleon for this purpose. Renault machined and prepared the engine blocks, applying vanguard
coating technology for the cylinder bores, BSC bore spray coating. Through this process cast iron liners inside the
cylinder bore are eliminated and replaced by thinner metal coating achieved through Twin Wire Arc Coating.

Inter-bore cooling channels were drilled using EDM process, in order to cool the critical inter-bore areas.

RENAULT has defined the process flow for block machining as shown below.

CORE 4 Machining Process

OP20 OP30
Machinlog F 1600 Machinkg F1700
11 tleols 14 tools
BEDPLATE  imimagnge:
¥ ’L
J OP180 OoP210 OP230
et WL . Assembly Roughening Coating

Machining sice F700 R ~

37 tools

CRANKCASE “

Figure 10. Engine block machining process

The coating of the cylinder bores was done using thermal spray coating technology (Figure 11).

Coating sur CORE 4.0

Figure 11. Thermal spray coating process over the engine blocks
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After BSC process, the engine blocks were assembled together with the bedplate to perform the final machining
operation of the crankshaft supports with both parts together.

Figure 12. Assembly of the engine block and the bedplate

Dimensional controls and characterisations were done in the cylinder bores for all 4 cylinders of the engine blocks. The
results from the BSC process and the following characterisation have been satisfactory, showing compliance with all
RSA criteria for series production of similar parts regarding bore distortion, coating thickness, etc.

The crankshaft bearing were also measured to check the tightening range for cylinder head screw and bearing
crankcase screw.

Renault carried out destructive characterisation tests to analyse the material properties as well as the characterisation of
the layer and interface of cylinder bores coating. All these results have been satisfactory and the product
characterisation has passed the validation criteria.

Rig tests have been performed to simulate the peak load exerted on the crankshaft during the ignition and explosion
phase of the combustion. At the end of M38 some validation tests are still ongoing and are expected to be finished out of
the time scope of the project.
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3 Exploitation of Key Exploitable Results

There was a specific work package (WP5) aiming to assure that all the activities in the project had a market orientation
and to continuously observe competitors and progress of technology in order to maximise the impact of the results.
TECNALIA has led this WP, due to its experience in developing business plans and dealing with IPR management
aspects, but FAGOR EDERLAN has been also highly involved, as main responsible of the business generated after the
project to bring to the market the developed product. The rest of the partners have had also an important participation,
as other results have arisen from the project and individual business plans have been prepared for them.

3.1 Exploitation and Business Plans of KERs

As a first step, the Key Exploitable Results (KERs) were identified. It was agreed that the two main results, apart from
the main business of the closed-deck engine blocks manufactured with HPDC-LC processes, were the following:

Individual Exploitation and Business Plan

m RAUSCHERT FERROCRTALIC

Ceramic Cores for HPDC processes Wand Robotic High-Pressure water solutions

TECNALIA started to work with RAUSCHERT and FERROCRTALIC as main responsibles of these two results in the
preparation of the individual exploitation and business plans. For each result the following information was collected:
description of the product, exploitation route, market analysis, intellectual property and exploitation claims and risk
assessment. After some months working on the analysis of this information, a preliminary version or pre-exploitation plan
was prepared and sent to the EC as the deliverable D5.2 in March 2018.

Some months later, once the technical work was more advanced and the KERs could be validated, TECNALIA with the
close collaboration of the consortium partners was able to define the final business plan of the analysed results. This
plan was presented in the deliverable D5.3 submitted to the EC in November 2018. This document included the
description of each of the mentioned technologies/products and a general overview of the market for ceramic cores and
Wand Robotic High-Pressure water solutions. Besides, the report included the business models describing how
Rauschert and FerroCrtali¢ were going to operate their respective new businesses. For such analysis, the two
mentioned partners used the Lean CANVAS tool to provide information on the problem their technologies try to solve,
value proposition of their respective KERs, competitive advantage against competitive solutions available in the market,
main customer segments, exploitation channels, etc. Additionally, the report outlined the financial forecasts based on
income and expense assumptions. Also, the partners detailed a plan containing the necessary commercial and
technology actions to develop and market the innovative products developed in CORE 4.0.

Finally, a risk assessment for the exploitation of each result was presented. The most relevant risks for the exploitation of
the cores were related to partnership factors. The first one was linked to the potential disagreement on ownership rules
in case on transferring the technology to set up the production process of the novel ceramic cores. Additionally, the
industrialization could be a risk if a relevant business partner (as FAGOR, o RENAULT) leaves the market. The highest
risks for FerroCrtali& were related to technological factors. Robotic manipulators and high-pressure water pumps are one
of the most complex and expensive outsourced equipment implemented in the HPWJ machine and could have influence
on the feasibility and especially overall price of the product.
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3.2 Business model validation

The main business of the CORE 4.0 project is the manufacturing of closed-deck aluminium blocks produced through
the innovative HPDC-LC process using ceramic cores. The business model covers the entire production chain
represented by the consortium; from ceramic core production, casting and machining of the engine blocks, including the
de-coring operation and the delivery of the final product to the customer.

FAGOR EDERLAN,as main responsible of this result, has defined a business plan for an industrial scenario of producing
200.000 closed deck engine blocks per year in a 6-year long program, starting 2020 and ending in 2025. All the
production ratios have been estimated based on the experience gained in the project; The Overall Equipment
Effectiveness (OEE) has been estimated in order to calculate the HPDC machine saturation level during the different
years of the project. The volumes required are variable in time, with a ramp during the first 3 years, and so is the OEE
rate, as a result of a learning curve during the development of the project, as the product gets more mature.

Regarding the ceramic core production, the business plan considers that the cores will be manufactured in the same
facilities as the HDPC casting process. For this purpose, an entire core-shop should be installed at FAGOR with the
collaboration of RAUSCHERT, who would receive a payment for the technology transfer. Rauschert would remain as
supplier of the base material required in this core-shop.

Detailed calculations of all the necessary manpower have been carried out, for both direct workers and indirect structural
personnel of the engine block production plant. A total of 80 new jobs would be created by this business plan.

The investments for HPDC machine adaptations, heat treatment equipment, CNC machining centres and new core-shop
and all ancillary equipment have been defined and distributed in the years of the project, resulting in a total investment of
20M€. It is assumed that the HPDC machines are not specific investments for this business plan, but only partially
amortized in the duration of the project. Some other investments are considered specific to this project, such as the de-
coring equipment (purchased to FerroCrtalic), the ceramic core-shop and the heat treatment installations.

To finalize the study, a complete financial projection plan has been calculated in order to assess the profitability of the
project, playing with different scenarios and sensitivity studies. The profitability threshold of the project has been
calculated, as well as the final price of the product.

A market analysis was carried out focusing in the Western European market of diesel engines, as the closed-deck
architecture is suitable for these type of combustion engines. The strategy of the major OEM's has been presented
concluding that they are not willing to invest resources in the development of new diesel engines, but rather maintaining
or improving the existing ones and devoting the new investment towards electrification and autonomous driving.

However, the electrification of the powertrains can open new opportunities to apply the HPDC-LC technology for a series
of components that need to have integrated fluid galleries that can be manufactured by using lost cores, improving their
performance and reducing costs. A comprehensive analysis of alternative applications to this technology in the
automotive market has been carried out.

3.3 IPR agreements

The knowledge and products and processes developed within the project must be protected for the (commercial) benefit
of all participating project members. Therefore, the ownership’s distribution of the intellectual property rights (IPRs) of the
project results had to be accurately defined to achieve a maximum advantage of their exploitation plans once all partners
reached an agreement.
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First of all, a work was done among all the partners to identify the most relevant results of the project in terms of
exploitation. The selected results are commercial results which can be exploited as a stand-alone product, process or
service, and have business potential. The final list of exploitable outcomes of the project was shared and agreed at the

project meeting held in Slovenia on April 2018. The list of most relevant results is shown in Table 1.

Table 1. List of the main exploitable results of the project and partners involved

Exploitable Result Type Partner(s) involved
Closed deck aluminium engine block manufactured by
ER1 HPDCLC Product FAGOR
. . RAUSCHERT,
ER2 | Ceramic cores to be used in the HPDC-LC process Technology/Process TECNALIA, FAGOR
ER3 Ceramic cores for closed deck aluminium engine block Product RAUSCHERT,
manufactured by HPDCLC FAGOR
ER4 | De-coring technology Technology/Process FERROCRTALIC
ER5 | De-coring machines for HPDCLC casted products Product FERROCRTALIC
ER6 | Aluminium cast components produced by HPDC-LC Technology/Process FAGOR, TECNALIA
ER7 | Knowledge on design of the water jacket Product/Process FAGOR, RENAULT
ERS ?;zsbjrsengine blocks with combustion pressure over Product RENAULT

A template was elaborated and sent to gather the IPR claims of all partners for each result and with the information
provided the deliverable on IPR and exploitation agreements was prepared. This document included the background
know-how, the foreground IPRs and the exploitation rights for each result.

Summarizing, FAGOR EDERLAN claimed the entire IPR of the main result of the project (ER1) as the knowledge of
manufacturing HPDC castings with lost cores has been implementing since 2007. RENAULT claimed the IPR on the
design of the engine block (shape and wall thickness) (ER8). Concerning the water jacket for the HPDC-LC application
(ER7), as the knowledge has been generated during the project, both FAGOR and RENAULT have claimed rights over
this result, so an specific exploitation agreement should be prepared in case this result is exploited commercially.

The results concerning the de-coring technology, both the process itself (ER4) and the product (the robotic machine to
de-core the block with high-pressure water) (ER5) will be property of FERROCRTALIC as any other partner claimed for
any right over these results. Even if FerroCrtalic does not intent to patent the de-coring technology, they will work in its
commercialization.

Finally, there are two more results related to the ceramic core production. In the case of the product (ER3) RAUSCHERT
claimed the background and the foreground of the results and also the exploitation rights. Besides, FAGOR EDERLAN
claimed to have contributed with their knowledge in the development of the cores and that they would like to use this
knowledge for in house ceramic cores production. In the case of the process of core production (ER4), RAUSCHERT,
TECNALIA and FAGOR claimed to have provided background and foreground knowledge to this result. Rauschert
claimed the exploitation rights, specifically to manufacture and sell the ceramic cores, to use the knowledge to make
something else, for further research, licensing, other services and other uses. Besides, Tecnalia and Fagor would like to
use the knowledge acquired in the project; Tecnalia, for future research activities or projects, and Fagor, for in house
ceramic core production and research purposes.
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4 Dissemination and communication

The dissemination and communication activities have been part of work package 1 and have been led by TECNALIA.
First of all, a preliminary dissemination plan was prepared with the main target of spreading the public results coming out
from the project to all the scientific and industrial community interested. In this plan, the objectives of the dissemination
and communication activities were set, the target audience was identified, and the dissemination and communication
tools and channels were determined aiming to reach the selected audience.

4.1 Public website and logotype

The first action was the preparation and launch of the public website available at the address http://core40-project.eu as
it is the main communication tool. It was launched in September 2016. ALL THE PARTNERS collaborated in the
preparation of the website by supplying the information asked by TECNALIA, mainly the short and long description of
their companies and the logotype with good quality.

The website is divided in two parts: the public part, accessible to everyone interested in having information about the
project, and the private part. This private part is divided in two sections: the private area of the website, accessible only
to the partners of the project and where final deliverables of the project are stored, and the private intranet, a working
area accessible only to a limited numbers of users of the partners involved in the project.

The information regarding the website, the private intranet and the main guidelines of the dissemination plan was
included in deliverable D1.2 sent to the EC in October 2016.

As part of the visual identity of the project, a logotype was created using a blurred image of an engine block and writing
the letters of the acronym of the project over the image. The logo was distributed among the partners for their approval.
This logotype has been included in all the templates and all the dissemination materials prepared along the duration of
the project.

4.2 Update of the dissemination plan

The dissemination plan has been constantly updated along the project and the updated version has been presented in
each Consortium Meeting. To give all the partners the possibility of contributing to his plan, an excel file was generated
and shared through the private intranet. This file included the dissemination calendar (Figure 13) that was also updated
along the duration of the project and the different extensions that were requested and approved by the EC.
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Figure 13. Screenshot of the original dissemination calendar
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4.3 Communication material

Communication materials are very important to disseminate the developments and results of the project. Different
materials have been prepared during the project, including two leaflets, a poster and a promotional video.

The first leaflet was prepared in month 12, including the problem to be solved with the technology developed in the
project and the value proposition benefits in its front page and the project road map with the main contacts of the
partners in its last page (Figure 14). The business model was also explained in the two interior pages.

A second leaflet was prepared in month 24., including the main information of the project (title, duration, partners
involved), a summary of the technical work carried out and milestones achieved and an explanation of the three main
developments performed up to the month 24, i.e. the 4-cylinder ceramic core, the closed-deck aluminium engine block,
and the de-coring machine (Figure 15).
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Figure 14. Front page and last page of the CORE 4.0 project leaflet
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Figure 15. Middle pages of the second CORE 4.0 project leaflet

A second leaflet was prepared in month 24., including the main information of the project (title, duration, partners
involved), a summary of the technical work carried out and milestones achieved and an explanation of the three main
developments performed up to the month 24, i.e. the 4-cylinder ceramic core, the closed-deck aluminium engine block,
and the de-coring machine.

TECNALIA prepared also a document with relevant information of the project to be printed as poster format to be used in
the different fairs that were attended and would be attended in the future.

Finally, a 3-minute long promotional video was prepared including interviews to representatives of the five companies
involved in the project following a script previously prepared and agreed by all. Some resources were also recorded in
Tecnalia, Edertek and Rauschert to be used in the video. The video was launched at the end of September, distributed
to all the partners, uploaded in the webpage of the project and published in the Tecnalia’'s Youtube channel. It was also
shown in some of the fairs attended by the partners (see section 4.4).

4.4 Dissemination events
Consortium partners have been very active and have attended different fairs to present the developments of the project.

FERROCTALIC was the first to attend a fair in April 2017. They were present with a booth in the most important
industrial fair in Europe, The Hannover fair where they showed the de-coring machine prototype developed within the
project (Figure 16). A leaflet and a banner were prepared to present the machine in their stand in the fair. Around 150
leaflets of the project were printed and distributed among the visitants of their exhibition booth.
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Figure 16. Booth of FERROCTALIC in the Hannover fair

RAUSCHERT attended the International Fair CERAMITEC held in Hannover (Germany) in April 2018, where they had
their own stand and could show a sample of the 4-cylinder ceramic core was shown.

Figure 17. Stand of RAUSCHERT in the CERAMITEC fair and 4-cylinder ceramic core
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TECNALIA attended the 22nd International Fair of Technologies for foundry METAL held in Kielce (Poland) in
September 2018 with a 9m? stand showing the closed-deck aluminium engine block and the 4-cylinder ceramic cores
(Figure 18). Apart from that, a screen was placed in one of the walls and the promotional video was shown. 50 leaflets
were distributed to the visitors that were interested in the developments of the project.

tecnalia J s

Figure 18. Stand of TECNALIA in the METAL fair showing the developments of CORE 4.0 project

Some days before this fair, TECNALIA was also present in the 73" World Foundry Congress held in Krakow (Poland),

where Mikel Merchan presented an oral talk related to the work made on the coatings and infiltration to strengthen
ceramic lost cores.

Figure 19. Presentation of the oral talk at the 73WFC
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In October 2018, FAGOR EDERLAN participated in the 1ZB industrial fair in Wolfsburg (Germany) with a booth to show
the closed-deck engine block (Figure 20).

Figure 20. Stand of FAGOR EDERLAN in the IZB fair

Just one week later, RAUSCHERT attended the ALUMINIUM International Trade Fair in Dusseldorf (Germany) with its
own booth (Figure 21) to show the 4-cylinder ceramic core and the poster. They distributed more than 70 leaflets to the
visitors interested in the developments of the project.

Figure 21. Stand of RAUSCHERT in the Aluminium fair
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In June 2019, it is expected that TECNALIA will attend the International Fair of Manufacturing Processes and
Equipments to be held in Bilbao (Spain). And FERROCTALIC and RAUSCHERT have confirmed their presence with one
booth each in the International Foundry Trade Fair (GIFA) to be held in Disseldorf (Germany) the last week of June.

4.5 Publications

Publications are one of the ways to reach specific target groups. During this project, different publications have been
released (scientific papers, publications in industrial magazines and publications in newspapers for the general
audience).

Concerning the scientific paper, the team from TECNALIA published a paper related to the work done during the pilot
scale trials to find optimum coating to avoid the aluminium penetration and an infiltration agent to increase the strength
of the ceramic cores. This paper was sent to the “International Journal of Metalcasting” who decided to publish it after
the peer-review process. It was published online in January 2019 and the printed issue including this paper will be
released probably in June.

A one-page news was published following an interview to Mikel Merchén in the first number of 2019 of the “Empresa
XXI" magazine, one of the most important magazines dedicated to the basque industry. In February, “El Diario Vasco”,
the main and most read newspaper in the region, published in their online version a reduced version of a piece of news
published in Tecnalia’s website. And recently, another newspaper of the Basque Country contacted with TECNALIA
showing their interest in preparing a publication related to the project. This newspaper, “Gara”, prepared an article that
was published in their printed edition the 30t of May.
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Figure 22. Pieces of news published (from left to right) in “Empresa XXI”, “El Diario Vasco” and “Gara”
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Another piece of news was published in “Il Sole 24 ore”, the most important economic Italian newspaper. The news
related to the work performed by RAUSCHERT was published in the edition of the 22n of May 2019 (Figure 23).
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Figure 23. Pieces of news published in “Il Sole 24 ore”

As a conclusion, the communication and dissemination plan prepared at the beginning of the project has been fulfilled
performing nearly all the actions included in this plan and even carrying out some other that were not expected at the
beginning. The partners have been highly involved in the different dissemination actions that have been performed and
the results of the project have been satisfactorily disseminated to different audiences.
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5 Socio-economic impact

The objectives initially planned for the project envisaged a scenario of a future Euro7 diesel engine for Renault with the
engine block being manufactured in HPDC-LC technology. It was foreseen that the production of such an engine would
start by the year 2020 with estimated volumes of 200,000 units per year. The business plans and exploitation of results
were calculated under the basis of this expected scenario and showed profitable business cases for all members, with
the creation of over 80 jobs.

However, the events that followed the diesel scandal and the evolution in emission regulations have produced a turn in
all the forecasted market trends for diesel engines. Renault has stopped the development of the new E7 diesel engine,
focusing instead in hybrid powertrain solutions, predominantly using petrol engines. The future of diesel engines at
Renault is not clear and it seems very unlikely that a new development could take place. In the current context of diesel
engines globally, the demand for closed deck engine blocks will decrease or even disappear, because petrol engines
can perform correctly with open deck configuration engines, for which the lost core technology is not needed.

In any case, the development of the lost core technology for HPDC has brought some positive outcomes to the partners
of the consortium.

Rauschert hast developed a technology that may open a new field of application of its products in the casting industry,
with cutting-edge dry pressing technology able to produce extremely complex geometries. Rauschert as a company has
improved their reputation on the market by showing up such a remarkable and complex piece, that nobody has been
able to do before. On the other side they are confident that the obtained positive results motivate to strengthen the
relationship within the consortium beyond the CORE project and search for future collaborations.

FerroCtralic has gained experience in the application of the ultra-high-pressure water jets for de-coring and cleaning of
aluminium castings that may also be used for other castings. This opens the opportunity for sales in the casting industry
for automotive or other applications, such as de-coring and de-burring cabins for aluminium and cast iron

Fagor Ederlan has demonstrated the feasibility of lost core technology for HPDC, which opens a new field for the
development of hollow castings for automotive applications. A market prospect has been carried out within the scope of
activities in WP5 and potentially interesting applications have been identified for the hybrid and electric vehicles of the
future, opening new business opportunities for Fagor Ederlan.

Edertek, as technology centre of Fagor Ederlan, has gained experience and reputation in the field of lost core for HPDC,
and the experience and know-how gathered in the project will be an important asset for future development projects.

Tecnalia has contributed to the development of the innovative HPDC-LC process finding technological solutions to some
of the constraints of this technology. This development opens the possibility of substituting heavy components with
complex geometries in sectors such as automotive or aerospace by lighter aluminium components manufactured with a
cost-efficient and robust process. And this has a positive impact in the emissions reductions and the environmental
sustainability.
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6 Conclusions of the action

The project consortium has been able to achieve the main goals of the project regarding the technical challenges initially
planned. The technology for the production of hollow castings in HPDC using ceramic cores has been validated in real
production environment, with the development of 3 core competences: ceramic core production, HPDC casting with lost
cores, and UHP de-coring technology.

Despite the technical success of the project, the business plan could not be realized as initially planned. The market
trends in the automotive sector have given a turn against the diesel engines during the period of the project, and the final
application has not reached the market. Nevertheless, the technology and know-how developed in the project can be
applied in alternative products, some of them related to the electric and hybrid vehicles. The members of the consortium
will focus on the identification and development of such opportunities that will lead to successful market applications in
the near future.
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