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NLR Metal Additive Manufacturing Technology Centre - MAMTeC

NLR-MAMTeC is the independent Metal Additive Manufacturing Technology Centre in the Netherlands and it is part of the Royal
IHWKHUODQGY $HURVSDFH &HQWUH 1/5 ORUH WKDQ \HDUV RI PDWHULDOV H[SHULHQ
assistance through technology development and product innovation. Our multidisciplinary team can help you develop the process
PRUH HJFLHQWO\ IURP RSWLPLVHG SDUDPHWHUV SRVW SURFHVVLQJ DSSURDFKHV HYD(
WLRQ DQG SURFHVVY VLPXODWLRQ WKURXJK WR WKH TXDOL4FDWLRQ DQG FHUWL4FDWLRC

Some of the highlights at NLR-MAMTeC are the AM process development for challenging materials such as magnesium alloys and
WKH GHYHORSPHQW RI D SURFHVV EDVHG TXDOL4FDWLRQ DSSURDFK EDVHG RQ VLPX(

parameters.

To let you get to know more about NLR and our AM activities, we have selected some of the research projects and capabilities that
we have developed, both alone and together with partners.

We hope you enjoy reading and discovering more about NLR.

1/5 5R\DO 1HWKHUODQGV $HURVSDFH &HQWUH



From process optimisation to industrialisation

4XDOL4HG SURFHVVHVY DQG FHUWL4HG SHUWWX® D G \Z\LIEGWESDEDE® WD YSOEFDWLRQ
PDQXIDFWXUHG $0 SDUWV IRU LQVWDQRY 3IDQFHARMRIOQH QMY KRUKDWHFK KLJK VSH
GHIHQFH 7KHVH PDUNHWYV EHQH4W ZHOO IIURFPUWIKWHGHIBFEH® FAHRQIGWUHG XFHG Ol
PHWDO $0 FDQ R*HU 1/5 ZRUNV RQ $0 SURFMVHKVRBIWRIMDWLEBQR PHWWMLHY GHVL
DQG EXLOGV SDUWV XS WR WKH OHYHO RQQXKQOD WRBOMQSWLRI\WRWS\ISFHWUXB Rl SURF
GHYHORSPHQW LV ZKDW PDNHV 1/5 XQLTXH EKH BRIUGWKIXMEDOMWEIRE&L XOWLGLVFLSOI
LQ DQ HQYLURQPHQW ZLWK H[SHUW LV HHIWAE DIDF LROW \E XH ¥ GALIQOWK ® DK HYQFHG PHWD

VNLOOV

MODELLING & SIMULATION MATERIALS

We apply in-depth modelling and simulation knowledge to take More than 50 years of materials experience in aerospace
metal AM to the next level. Design tools including topology opti -  applications is combined with in-depth metal AM expertise to

PLVDWLRQ DUH DSSOLHG WR JHW WKH P D [esakish pptiQiset\ywraRessy pamgiers Rngl post-processing
weight reduction and performance. NLR applies thermomechan - methods. This expertise is also used for developing AM for novel
ical simulation expertise to predict thermal variations, residual and challenging alloys and multi-materials.The development of
stresses and deformations. A new development is the generation metal AM material knowledge is backed up by advanced
of optimised variable process parameters to prevent large tem -  inspection methods, analysis techniques and mechanical testing
perature variations and produce homogeneous materials with facilities.

consistent mechanical properties.
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QUALIFICATION & CERTIFICATION APPLICATIONS

1/5 KDV D ORQJ WUDFN UHFRUG LQ TXDOL4MbRisLRgawiRfrasiuotye. senpisigLat @ wigle variety of
aerospace applications. This experience is applied in further facilities and equipment that constitutes the backbone for NLR’s
GHYHORSPHQW RI TXDOL4FDWLRQ DSSUR D PRA4ed researchs letad AN oag found igsgvay to many of these
TXDOL4FDWLRQ DSSURDFK LV SDUw EDVHG *HPHRWM &5FSAKkDWLRRHDUHDV ZLWKLQ 1/5
TXDOL4FDWLRQ LV RQO\ YDOLG IRU D VSHFL4F S bowweamhtgtrugiorahaRMeHioNy SURGXFHG

ZLWK D 4[HG PDWHULDO RQ D VSHFL4F PDFKLQH&RVEARRWERQVYRFHN Y 4EUH UHLQIRUFHG

SDUDPHWHUV $ SURFHVV EDVHG TXDOL4FDWLR QVipdWpekmodSQHHGY WR EH
. Thermal control applications, including heat exchangers

developed if the full potential of AM is to be utilised. This requires
in-depth understanding of processes-material relationships and . Acoustic liner applications

the relationship with the part's design. NLR-MAMTeC is working . Hydrogen applications

RQ QHZ YLUWXDO TXDOL4FDWLRQ DQG FHUWLA4FB®WERQ DSSURDFKHV IRU $0
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Magnesium LPBF to manufacture light-weight
components for vertical lift applications

7KH REMHEFWLYH RI WKLV UHVHDUFK SURM HFEN @DW \W\RR GSHFRREQVAM UCLW K WXXDHOREDVS, P D
IRU YHUWLFDO OLIW DSSOLFDWLRQV E\3?0)VHWD3RHVMH X PY%KIIGEY )KMERPH /WKH SUHIHUU
YHUWLFDO OLIW WUDQVPLVVLRQ FDVLQJV GXH. W R D/KH KALR R E\L DN UK QV RIUG R 2 VBK

WKHUHIRUH R*HUV D JUHDW GHDO RI SRVDMQ\RDINO 4R W K HQ Q@ FIX® @Q HVD \D S8 IOFX E U |
FDQ EH RSWLPLVHG DQG VXEVWDQWLDO DGGLWERQHYOHBHER R Y/DWHIGXW W LFFDQ\NW FPWR B

THE CHALLENGE

Magnesium is a challenging material to process in LPBF due to
its low boiling point and high reactivity with oxygen. Considerably
more fumes are generated during LPBF processing of magne
sium alloys than with other alloys. These fumes can absorb or

WHAT WE DID?

$Q HIFLHQW RSWLPLVDWLRQ DSSURDFK ZDV DS
process parameters. Benchmark parts were produced for eval
uating design rules for printing magnesium parts. Demonstrator
parts were successfully produced based on a representative
GH5HFW WKH ODVHU EHDP UHVXOWLQJ LQODRQKX\NZXHW DEWHFERPBROPWWLYYW IRU D YHUWLFDO

homogeneous microstructure was found at the melt-pool and
grain scale.

THE SOLUTION

1/5 0$07H& DQDO\VHG DQG LPSURYHG WKH LQHUW JDV 5RZ
FRQ4JXUDWLRQ VR WKDW WKH H[WUDFWLRQ RI IXPHV ZDV PDGH
PRUH HeHFWLYH 7KLV LPSURYHPHQW ZzZDV IRXQG WR EH DQ

important step in making LPBF processing of magnesium
possible.



MovADbles for Next generaTion Aircraft

(MANTA)

THE CHALLENGE

WHAT WE DID

7KH REMHFWLYH ZDV WR PDQXIDFWXUH WHKUBHWHWHW/LDO®O WK SHIDRID BWHWLVWLF ITHDWXUH)\

E\ 'LUHFW (QHUJ\ 'HSRVLWLRQ (!
manufacturing processes, it can be very costly or even
impossible to produce components with such complex shapes.
+RZHYHU '('

overhanging features etc. The main challenge was manufacturing
all the structures with the minimum distortion and highest

accuracy.

The MANTA project has received funding from the Clean Sky 2

m Joint Undertaking under the European Union’s Horizon 2020
research and innovation programme.

LK QWRONE QHQ RIQPHULPHQWDO GHVLJQ ZDV W
ate and optimise the production of those features. All the criti -
cal structures such as the overthickness, wall-intersection over -

LV DOVR FKDOOHQJLQJ G Xldpsw Rorixobtal webXxveldindgvizeky tevefiove optimised before

LQKHUHQW LQ WKH GHVLJQ EXON\ WKLQ sanufséturindtiie Filss HWeldesigrd BuRiBliHew/ 10N critical fea
tures for Ti-6Al-4V were developed through this work.

THE SOLUTION

Three full-scale Ti-6Al-4V ribs were successfully produced

E\ ODVHU SRZGHU '(' 7R UHGXFH WKH EDVHS!
a symmetrical build-up was chosen. This strategy helped

PLQLPLVH VXEVWUDWH GHIRUPDWLRQV )RU
checkboard deposition with an outside-in strategy was

chosen to avoid distortions. In addition, a horizontal plate

ZDV ZHOGHG ZLWK '(' WR FUHDWH DQ ReVH
7TKDQNV WR '(* PDQXIDFWXULQJ WKH ULEV E
WKH EX\ WR 5\ UDWLR IURP VWDUWLQJ IUR

to 3.
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Project partners
Asco, Royal NLR, DLR, TU Delft,
Fokker Technologies Holding
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Optimisation of a two-phase cooling solution
using a micro-pump brick (TOPMOST)

ORGHUQ DLUFUDIW DQG VSDFHFUDIW UHO\ RRD UGRADGFWERQHE VFRRSRR@QHQWY ZK
LQFUHDVLQJO\ KLJK SRZHUHG DQG FRPSDHRWDW]MW DPWXQWIRQHEZDVWHG LQ HOHFWU
DHURVSDFH DSSOLFDWLRQV LV LQFUHDPWLQUFBHFBRYHURG KBDIQHEW HO®PH D UHVXOW F
PHWKRGY DUH QRW DEOH WR PDLQWDLQ WRRZHDWV¥WWRORXPFRPAPBEHOQWXEH )RU

WZR SKDVH PHFKDQLFDOO\ SXPSHG 5XLG ORRK ZPAH G HYGHIORBUBBBQIRFFUFRPSRQHQ WYV
DHURVSDFH DSSOLFDWLRQV

THE CHALLENGE WHAT WE DID?

Conventional cooling methods have become too large and An alloy was selected using criteria such as thermal conductivity,
heavy and have thus become a bottleneck in aerospace systems. corrosion resistance, mechanical performance, cost and ease of
In some instances, they cannot supply the required cooling processing. Parameters were developed that enabled the
SHUIRUPDQFH DQG NHHS GHYLFHV EHORZ phdudtiol) of SieakprabH GhirPviallédP Xdponents. Various
temperatures. evaporator concepts were evaluated and component

performance tests were carried out. A cooling system was
produced and tested. Thermal tests showed that the TOPMOST
THE SOLUTION cooling system can cool a thermal load of 2400W. Thanks to the
A compact low weight two-phase mechanically pumped use of metal AM, a very compact cooling system with an
5XLG ORRS V\VWHP ZDV GHYHORSHG 0Hwpceghtedp MwXdss Gf 2.8 kg was successfully built.
producing optimised components to drastically reduce
WKHUPDO FRQVWUDLQWY ZHLJKW DQG GLPHQVLRQV $0 ReHUV D
great deal of potential for manufacturing these compo - ) ) )
. ) . . The TOPMOST project has received funding from the Clean Sky

nents, given the extensive freedom of design and the ability n

2 Joint Undertaking under the European Union’s Horizon 2020
to create complex internal structures. research and innovation programme.



Aircraft Noise Reduction Technologies and
Related Environmental Impact (ARTEM)

THE CHALLENGE WHAT WE DID?

-Q UHFHQW \HDUV LPSURYLQJ HQHUJ\ H]RALKMEMAMIeH, variots@QCcERIQ IndrPidtotypes were manu -

tion) and emission reduction have led to increased engine sizes factured with LPBF that were designed by the Institute of Sound

DQG E\SDVV UDWLRV 7KHVH PRGL4FDW L R@WibFatidh R&gdarch (IBVRX Fhell€sigQsRate\¢iaracterised by

issue due to the emission of low-frequency noise and the size WKH GL*HUHQW DQJOHG IHDWXUHYVY DQG KROH
DQG H*HFWLYHQHVV OLPLWDWLRQV RI WikiHheAMIpat Qa8 reQeRtableHqualEyVoR & acQudtic liners’

structures (liners). performance and controllable size of the holes. The liner proto -

types were tested in the impedance tube at the Vertical Flight
and Aeroacoustics department at NLR. The manufactured lin -
ers’ performance is in line with the model predictions, although
VRPH PRGL4AFDWLRQV KDG WR EH PDGH WR WKI
to the variation between the jobs.

THE SOLUTION

7KLV SURMHFW H[SORUHG LQQRYDWLYH LGHDV DQG FRQFHSWV IRU H]

cient noise reduction by novel liner concepts. In addition, it

investigated the potential of dissipative surfaces as encoun -

tered with the development of meta-materials. AM was

VWXGLHG DV D SRWHQWLDO VROXWLRQ IRU SURGXFLQJ PRUH H]JFLHQW

noise-reduction liners.

Several concepts have been addressed to aim for low-fre -

quency and broad-spectrum absorption. AM opens up new

possibilities for manufacturing complicated structures for m The ARTEM project has received funding from the European
noise absorbers which have not been technically and/or EJFT?JS gfy”é‘;”ﬁi}?@ffg“ and innovation program
economically possible before.
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Project partners

Royal NLR, TU Delft, Fokker Aerostructures, BP
Ministry of Defence

'XUDWLRQ
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Additive manufacturing and certi cation of a
ight-critical part

7KH SURMHFW DLPV WR ERRVW WKH DFFHSWRBQKHLRIJS$FAMMHFKIQRORDQEBE\ \LQJ D 5L.

SURGXFHG SDUW 7KLV UDLVHV WKH EDRUEWBRBEDOHID WWRVQ EM BFDIKNW RI WKH PRUH
IRU 5LJKW FULWLFDO SDUWYV

THE CHALLENGE
The goal is to replace an existing conventionally machined GHPRQVWUDWH ZLWK VX]FLHQW FRQ4GHQFH W

5LJKW FULWLFDO SDUW ZLWK D JHRPHW UroFddt@oor inspedii@mno & deRhilfitth&darmepropetties and
DQG FHUWL4HG FRPSRQHQW 3DUW VXEV WstrgigthwalteQ ad tie QaRplesaabviere uael For fi€ermining
SURFHVV KDV WKH PRVW VLIJQL4FDQW D G Ghd grevigdhpropertissRZHYHU LW LV WKH

next step in the acceptance of AM technology.

WHAT WE DID?

The specimen test results are promising and the possibility of
certifying the part was deemed realistic, even when accounting

IRU WKH IDFW WKDW WKH WHVW UHVXOW

mechanical properties. However, when evaluating the results in THE SOLUTION

more detail, there were some areas of the build where a strong 7KLV SURMHFW KDV WDUJHWHG VXEVWLWXWL
GHSHQGHQF\ RQ ORFDWLRQ RU EXLOG . ventionally machined part with a geometrically identical

observed. Given that the material properties depend on the AM-produced part. The layer-by-layer build approach intro -

position in the building chamber or the presence of other parts duces many risks for errors at the micro scale, resulting in

in the same build job, it was therefore not possible to variations in material properties, including fatigue. The

potential for certifying the part is in sight, but it requires a
better understanding and improvement of the AM process
to reduce the scatter and improve the material properties.



Metal Additive Manufacturing Technology
Programme, Phase 2

3KDVH LV WKH IROORZ XS Rl WKH VXFFHWPNQ KUNMNUDHOWD® B0 S URR U 7KH 4UVW
IRFXVVHG RQ ODVHU SRZGHU EHG IXVLRQDPFP%) KDAK IE HHF RIQW HSUGRKHG WR LQFOXGH
PDFKLQH GHGLFDWHG WR PDQXIDFWXULQJ DQ® RSB GU(IQAIUS D UIHBWR XIVW QR QVKH 'E

THE CHALLENGE A BRIEF OVERVIEW OF THE ACTIVITIES:

The main objective is to assist participants in their goals of

LQWURGXFLQJ FHUWL4HG PHWDO $0 SDUWYV [AMRALYVANB SBROKESSHSEHHQ PDGH

LQ WKH SDVW \HDUV 7KH JHQHUDO UHTXLUMHPMRRGN RZHW KHGHYWORSHGNVLRQ UDSLG DQG HI]F

authorities were translated into more practical standards for AM by optimised metal-AM parameters. Static tests and fatigue tests were
standardisation organisations. Nevertheless, challenges still remain, FDUULHG RXW RQ YDULRXV DOOR\V IRU PDWHULDO
especially when it comes to more critical AM applications. The of typical AM defects on fatigue performance was investigated. The

FXUUHQW $0 TXDOL4FDWLRQ DSSURDFK LV Sibithveng &t pioSsibilited Df@ioQuding/ idubtivinatarigl-parts with
TXDOL4FDWLRQ LV RQO\ YDOLG IRU D VSHFL4F' SHIWW AHOALRQHWRDWDWHSU RIBKRKMGQJ RQ DFFXU
XVLQJ D 4[HG PDWHULDO RQ D VSHFL4F P D F€hoSited compaditiord THeG U8ty Bffihe Witérfaces was evaluated

parameters. by investigating the cross-sections and the mechanical performance.

WHAT WE ARE DOING? MODELLING AND SIMULATION

The activities in this programme all help the goal of assisting 7KHUPR PHFKDQLFDO VLPXODWLRQV RI WKH /3%) DQ
SDUWLFLSDQWY DFKLHYH WKH DLP RI LQW UR G HOIIRSHGW IFDHOG. PHIWDHIGSD G® WO LGDWHG 7KH
This programme laid the foundations for a simulation-based studied and various successful strategies were developed to avoid it.
TXDOL4A4FDWLRQ DSSURDFK In addition, variable process parameter approaches were developed

and evaluated to obtain homogeneous microstructures with
predictable properties.



THE SOLUTION

7KH QH[W VWHS LV SDUW IDPLO\ EDV
group of parts with similar complexity and functional
UHTXLUHPHQWY DUH TXDOL4HG XVLQJ
process parameters. The aim in the end is to develop a pro -

FHVV EDVHG TXDOL4FDWLRQ DSSURDF[Kt

depth understanding of the process and the materials pro -
duced, as well as the relationship with the part design.
Physics-driven models are needed to enable the production

of a homogeneous material with predictable properties
and process monitoring tools are required to detect when
defects are created.

ROYAL NLR | MAMTEC

Project partners

Royal NLR, AddUp-BeAM, Aeronamic, Dutch Ministry
of Defence, Mokveld, Oerlikon, Patria, Shell, Thales
Netherlands, Turkish Aerospace Industries TAI
SBURMHFW OHDGHU 1/5

'XUDWLRQ




Metal Additive Manufacturing Technology
Programme, Phase 2 - Technology demonstrators

ACTUATOR FITTING FOR A SINGLE-AISLE Original process parameters Optimized process parameters
PASSENGER AIRCRAFT

Max. temperature
7KLV DFWXDWRU 4WWLQJ ZDV UHGHVLIQHG IR /G %mesing Ve P R UH

material was changed from the reference aluminium to titanium.
Using topology optimisation, a structural redesign was carried out
LQFOXGLQJ WKH DVVHPEO\ VWL*QHVV FRPS LWH VWUX
orientation, overhang minimisation and fastener load redistribution.

7KH SUHOLPLQDU\ DQG 4QDO GHVLJQV ZHUH H OXDWHG
simulation and these results allowed a distortion compensation to

be applied to the printed part. Process optimisation was also carried Good

out for the interlayer waiting time (ILT) to prevent overheating.

Acceptable




CHECK VALVE FOR AN OIL AND GAS APPLICATION
The check valve demonstrator is a challenging multi-material
component in which multiple metal-AM processes have also been

combined. A complex internal structure is produced by LPBF.

A larger volume multi-material section is produced by Laser Powder

ROYAL NLR | MAMTEC

'(' )LQDOO\ WKH DSSOLFDWLRQ RI 5DQJHV XVLQJ
is being investigated. An alloy with high corrosion resistance on the

inside of this demonstrator is combined with a medium-strength

and low-cost material on the outside.




MAMTeC facility
Technologies and Materials
NLR-MAMTeC has:
« Laser Powder Bed Fusion (LPBF)
« Blown Powder Directed Energy Deposition
(manufacturing & repairs)

6LQWHU EDVHG IXVHG 40DPHQ
* Materials laboratories and research & testing
facilities
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Royal NLR in brief
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About NLR
Royal Netherlands Aerospace Centre

1/5 LV D OHDGLQJ LQWHUQDWLRQDO UHVHDUFK FHQWUH IRU DHURVSDFH
H*HFWLYH DQG PRUH VXVWDLQDEOH %ROVWHUHG E\

innovative and comprehensive solutions to the complex challenges of the aerospace sector.

-WV PLVVLRQC
LWV PXOWLGLVFLSOLQDU\ H[SHU

1/5 VDFWLYLWLHY VSDQ WKH IXOO VSHFWUXP RI 5HVHDUFK 'HYHORSPHQW 7HVWLQJ (Y
DQG VWDWH RI WKH DUW IDFLOLWLHY FRPSDQLHV WXUQ WR 1/5 IRU YDOLGDWLRQ YHUL
turn to NLR because of its deep engagement with the challenges facing our clients. In this way, NLR bridges the gap between

research and practical applications, while working for both government and industry at home and abroad.

5R\DO 1/5 VWDQGV IRU SUDFWLFDO DQG LQQRYDWLYH VROXWLRQV WHFKQLFDO H[SHUW
ZLQJ DLUFUDIW KHOLFRSWHU GURQHV DQG VSDFH H[SORUDWLRQ SURMHFWY 7KLV DOOF
VXFFHVVIXO DHURVSDFH SURJUDPPHV RI 2(0V OLNH $LUEXV %RHLQJ DQG (PEUDHU

23



NLR-MAMTeC is the independent Metal Additive Manufacturing Technology Centre in the Netherlands and

it is part of the Royal NLR. More than 50 years of materials experience in aerospace applications is applied,

R*HULQJ DVVLVWDQFH WKURXJK WHFKQRORJ\ GHYHORSPHQW DQG SURGXFW LQQR
FDQ KHOS \RX GHYHORS WKH SURFHVV PRUH H]JFLHQWO\ IURP RSWLPLVHG SDUDP
es, evaluation of mechanical properties, design optimisation and process simulation through to the

TXDOL4A4FDWLRQ DQG FHUWL4A4FDWLRQ RI PHWDO DGGLWLYH PDQXIDFWXULQJ $0 Sl

JRU PRUH LQIRUPDWLRQ

Marc de Smit Vis Dhanisetty

marc.de.smit@nlr.nl vis.dhanisetty@nir.nl

NLR Amsterdam NLR Marknesse

Anthony Fokkerweg 2 9RRUVWHUZHJ @&Q(:
&0 $PVWHUGDP 35 ODUNQHVVH "'-_ ‘-_'_;‘"

) ®) @"é'{&
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