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From process optimisation to
Industrialisation

Efficient, durable and automated

$ NH\ REMHFWLYH IRU PRUH H]JFLHQW DQG VXVWDLQDEOH DLUFUDIW LV WR PDNH OLJKWZ
IRU HDVH RI PDLQWHQDQFH 7R EH DOORZHG WR XVH SDUWV PDGH RI QHZ PDWHULDOYV OL
LQ DQ LQGXVWU\ OLNH DYLDWLRQ DOO RI WKH PDWHULDOV PXVW EH DFFRPSDQLHG E\ WK
IURP FDOFXODWLRQ DQG GHVLJQ DOO WKH zZD\ WKURXJK WR PDQXIDFWXULQJ UHSDLU

GHYHORSV VWUXFWXUDO FRQFHSWYV DQG PDQXIDFWXULQJ WHFKQRORJLHVY GHVLJQV FRF
SURWRW\SHVY 6SDQQLQJ WKH HQWLUH VSHFWUXP RI SURGXFW GHYHORSPHQW LV ZKDW P

7KLY ERRNOHW JLYHV DQ RYHUYLHZ RI WKH EURDG VSHFWUXP RI WKH NQRZOHGJH FDSD
1/5 LV DSSO\LQJ LQ WKH UHVHDUFK SURMHFWY DQG SURJUDPV LQ WKH 1HWKHUODQGYV DC

‘H KRSH \RX ZLOO HQMR\ UHDGLQJ DERXW RXU UHVHDUFK DQG ZHOFRPH \RX WR FRQWDF\

1/5 5R\DO 1HWKHUODQGYV $HURVSDFH &HQWUH
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R&D for automated composite

AUTOMATED COMPOSITE MANUFACTURING AUTOMATED COMPOSITE MAN

TECHNOLOGY CENTRE (ACM TECHNOLOGY CENTRE) PLANT (ACM PILOT PLANT) "

-W VWDUWV:D'WM PKIORR @&0\ &HQWUH D IDFL®LWH W NVIRW/ BRICGQRIOGRHV &HQWUH

UHVHDUFK TXHVWLRQV DW WKH ORZ WR P HIRIOXPLOHRAK GRORIV 5R D GO \GH Y H O

/I[HYHO 75/ RU OHYHOV WR -Q WKH 4H®&0 RBIL DRV MWADXGW LRE) XWHNKWOWDWH R

RJ\ 1/5 GHYHORSVY DW DOPRVW DOO 75/ ONYHO W XWR\P E HVIREVRIPW R/ IGPRHY) FRS\SDVWH "

7R EH DEOH WR LPSOHPHQW WKH SURFHDWQG % USRFARSGHXUH VHW K B WKHRIWHH GHYHORSHG DQ(.

WKH JRDO LV WR ZRUN WRZDUGY JHQHULPFWVIKGHLIUERHQVID/MIORW\$ VLIQLA4

FDQW SRUWLRQ RI WKH UHVHDUFK QRZDGD\V WDNHV SODFH YLUWXDOO\

XVLQJ VLPXODWLRQV ZKLFK VSHHGV XSCERHDPEAMANH DQG UHGXFEFHV

FRVWYV KHQ GHYHORSLQJ D QHZ FRPSRVLWH SDUW F
DWHO\ KDV WR EH IDFWRUHG LQ IURP WKH VWD
LQ PDWHULDOV UHVHDUFK VR DV WR JDLQ D E
ZKDW KDSSHQV WR YDULRXV PDWHULDOV VXFFK
DQG SULQWHG SDUWV 1/5 UDQNV DPRQJ WKH C
LW FRPHV WR NQRZOHGJH DQG FHUWL4FDWLRQ




TALISATION DETECTING AND REPAIRING DAMAGE OF COMPOSITE

| SHQHWUDWLRQ Rl BARERWV LQ WKH SURGXFWLRQ SUR

V WKH GHPDQG IRUYDHWIRBPNWLRI) PDROXIBEWXULQJ LQGXVWU\ 1/5 |

UH GHYHORSV D URERW BDVG\GHIULRFAHHY V5 HBWD ISWRGBF2YHUKDXO 7KHUF

>SRVLWH FRPSRQHQWYV 7KH DFW X DVXDMWR KW W R UBHH DBRATH\E HROXVH FRPSDUHG ZL

| VKHOI PRGHOV WR ZKLFK YDULRXV HBGKBY+HF\BRUMIARY BH AW WHKE HYHQW RI GDPD.

{FHVVDU\ 1/5 GHYHORSV LWV RZQ HQG QREFM®RIH RUBTNHQWDQA QHSDLU LV EMFRPLQ

FRRSHUDWLRQ ZLWK WKH URERW PDQXI|DWDAWHIDUWEFXQRZU\ WIKWMK WKH JURZLQJ QXP|

UHTXLUHPHQWY D FHUWDLQ URERW HQG H>-BIFWR U7 RN VAR \PWM H\WS RXWIO@W TXHVWLRQ LQ W

WKH SUHVVXUH WKDW PXVW EH H[HUWHG ZKHWKH[W EIL\G LMW SREW.E R WRLFVRQWLQXH 5\L

LV DQ LPSRUWDQW HOHPHQW LQ WKH FRRRFBEDWLIR® ZLWK BQ(PMLUFUBDY PDGH Rl PHWDO \

WKH IXQGDPHQWDO NQRZOHGJH DQG XQ GIHU ¥FRMSRILQWH PDMMWHDODAX SUREDEO\ ZRQ W

WKH PDQXIDFWXULQJ SURFHVYV DQG WKH 4@BRI® SMRG ¥XRWYG EH GDPDJHG DOO WKH VDPH
DQG WKH NQRZ KRZ WR LQVSHFW VXFK DQ DLU!

%HVLGH DXWRPDWLRQ RI PDQXIDFWKVLDOXRHRKHWWYKHS&DPDJH KDV WR EH UHSDLUHG LP

DFWLYH LQ WKH 4HOG RI GLJLWDOLVDWLRIQVRIVPORKVDEW M UALR JF B QRAKKHH T\LQJ

'LILWDO 7ZLQ WHFKQRORJ\ 7KH 'LJLWDO 7ZLQ WHFKQRORJ\ QRW RQO\

VSHHGV XS WKH GHYHORSPHQW SKDVH EXW DOVR LQFUHDVHV WKH UREXVW

QHVV DQG UHOLDELOLW)\ RI WKH PDQXIDFWXULQJ SURFHVV
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Technology Readiness Level of R&D projects

75/ VWDQGV IRU 7THFKQRORJ\ 5HDGLQHVYVY /HYHO D PHWKRG RI HVWLPDWLQJ WHFKQRORJ\
SURJUDP KDUGZDUH FRPSRQHQWYV SHULSKHUDOV HWF WR LQWHJUDWH WKLV WHFKQR
WKH ORZHVW OHYHO ZKHUH VFLHQWL4F UHVHDUFK EHJLQV WR EH WUDQVODWHG LQWR C
WKH KLIKHVW OHYHO ZKHUH WKH DFWXDO V\VWHP LV FRPSOHWHG DQG TXDOL4HG WKUF
OHYHO -Q FORVH FROODERUDWLRQ ZLWK LQGXVWU\ 1/5 HODERUDWHY LGHDV WKDW DU
FOHDU EXW ZKLFK KDYH WKH SRWHQWLDO WR EHFRPH UHDOO\ ELJ )RFXV RI WKH-UHVHD
SRVLWHV WKHUPRVHW DQG WKHUPRSODVWLFVY DQG PHWDO DGGLWLYH PDQXIDFWXULQJ .H\'
GHVLJQ PDQXIDFWXULQJ DQG DVVHPEO\ FRQFHSWV DQG DXWRPDWLRQ DQG GLJLWDOLVDWL]
UHVHDUFK HQYLURQPHQW ZKHUH ZH FDQ DOVR GHYHORS WKH KDUGZDUH RXUVHOYHYV



R&D cases

[ILIKWZHLIJKW VWUXFWXUHYV
SXWRPDWHG URERW EDVHG PDQXIDF

'HOGLQJ RI WKHUP VWLEFV
UHVYV IRUPLQJ

2XW RI DXWRFODYH
'LIJILWDO WZLQ FRQF

\/

QXID
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THE SOLUTION ™

$V SDUW RI WKH 0))' GHYHORSPHQW @
GHYHORSHG PDQXIDFWXUHG DQG GHO

ORZHU KDOI RI WKH PXOWL IXQFWLRQDS=ESWHJIJUDWHG WKHUPR ; -7' nermon)
IXVHODJH LQFOXGLQJ FDELQ DQG FDUJR 5RRU VWUXFWXUH C r;g ’

UHOHYDQW PDLQ LQWHULRU DQG V\VWHP HOHPHQWY 7KH 67811-1-

WHDP DSSOLHG DGYDQFHG GHVLJQ SULQFLSOHV WLYH VIVWHP

DUFKLWHFWXUH DQG DGYDQFHG PDWHULDOL’DQG \7@5{ SURMHFW KDV UHFHLYHG IXQGLQJ

W 8QGHUWDNLQJ XQGHU WKH (XUR
Clean Sky> +RUL]RQ UHVHDUFK DQG LQQRYDWL]

Watch the
‘* 4 making of the
hermoplasic




STUNNING:

the world’s largest known thermoplastic aircraft structures

7KH &OHDQ 6N\ OXOWLIXQFWLRQDO )XVHODJH '"HPRQVWUDWRU 0))' ZLWK LWV PHWHI
DSSUR]| PHWHU GLDPHWHU JLYHV D JOLPSVH RI ZKDW D QH[W JHQHUDWLRQ DLUFUDIW I
IXVHODJH LV FRPSOHWHO\ SURGXFHG IURP WKHUPRSODVWLF 1RZ 5R\DO 1/5V 67811-1*
FRPSRQHQW WKH PHWHU ORQJ ORZHU IXVHODJH VNLQ KDV EHHQ PDQXIDFWXUHG DQC

THE CHALLENGE WHAT DID WE DO
$V SDUW Rl WKH (8 V &0HDQ 6N\ LQLWLDWIL¥H GW KH @RISIH/ DIFGH DO SOVAGI\DL¥RP SHWLWLY
ORRNLQJ IRU 5LJKW SDWK WR VXVWDLQD E IF®IMV\ X VR QGEHIDMM $)B GRXED RIGWZIRN 1 IXVHOD.
IXHO EXUQ UHGXFWLRQ IRU WKH /DUJH 3D WKHQF-RE @ DV | \& H\BKS (VHI XQL GLUHFWLRQD
PHQW QH[W JHQHUDWLRQ IXVHODJH VW UXFRRQY H ERQ PB SMV I00UH RH BAHB XSQWRRO DW URR
ZKLFK FDELQ FDUJR DQG SK\VLFDO V\VWHFZ B0 IfRIQY R U LIEDH HGWEH W BM 8/E WHDP LQ DQ LQ«
~WV WKUHH PDLQ DQG IRU 67811-1* RYHURMXEQJOREMHFWIL3Y HXVLRU WKH UHVHDUFK D
IXWXUH 6LQJOH $LVOH $LUFUDIW IXVHODJHYVHERDED YHHIERW KDW K H. MO DWH RISWKE 6 WDGH *H L

art are: GDWHG r IXVHODJH VNLQ ZDV LQVSHFWHC
e B5HGXFH ZHLJKW 7KHUPRJUDSK\ DQG GHOLYHUHG WR WKH 67811-
¢ BHGXFH UHFXUULQJ FRVW LOQWHJUDWLRQ RI VWUXFWXUHVY LQWHULRU DQC
e (QDEOH D +LJK 5DWH 3URGXFWLRQ +53 RI VKLSVHWY SHU
PRQWK $ VLIQLAFDQW ZHLJKW UHGXFWLRQ UHVXOWLC
DSSURDFK EDVHG RQ DGYDQFHG WKHUPRSODVW
Project partners: OLNH ZHOGLQJ ZLOO FRQWULEXWH WR WKH
Industry (NL): )RNNHU $HURVWUXFW X ODQXIDFWXULQJ FRVWY DQG DVVHPEO\ WLPHV
Industry (EU): 'LHKO KLJK SURGXFWLRQ UDWHVY FDQ EH UHDOL]HG
Research organisations : 1/5 JRDOV EH\RQG VWDWH RI WKH DUW WHFKQRO

Universites: 78'HOIW 6%0_;/ YHUL4HG LQ GHGLFDWHG WHVWV XS WR 75/
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Oven consolidated thermoplastic skin with
iInduction welded press formed stringers

THE CHALLENGE
7KHUPRSODVWLF FRPSRVLWHY FDQ OHDG WK PR BB QHOVHOW IS ORGEREO SDG XSV —QGXFW
WLRQ PHWKRGV DQG EHWWHU UHF\FODEL®SRW\W B WV QRHRZU B DR B O DAV LAQJO BV SHFLD OO\
RQO\ 4QG WKHLU ZD\ LQWR IXWXUH VWUXBWXUDAHUWRK® WEBBXRBPWWXGHQBHYHUDO 4EUH
SURFHVVHV DUH H]JFLHQW DQG HQYLURQP HQK-D PRSI SHUHDQBE U DLWHKLQYWXRVLIDWHG LQ WK
'XWFK SURJUDPPHV /XFKWYDDUW LQ 7UBQWWWRDXWIQRQMW ;IRYIWKH LQGXFWLRQ ZHOGL
+LJKWHFK ERWK IXQGHG E\ WKH 1DWLRQDWXYBURXQKLROG DWWHUEZFOMWGY (QHUJ\ FRQVXP!
ELOLWLHV QHFHVVDU\ HTXLSPHQW DQG BQROXKMWXNG® BUREKHNOLDW\DRIMWHULDOV LV WU
LQYHVWLIJDWHG &RPSRVLWH DLUFUDIW IXVHODJH SDQHOV IRU H[DPSOH
DUH FXUHG LQ ODUJH H[SHQVLYH DXWRFODYHV DQG VWL*HQHUV DQG GRRU
VXUURXQGLQJV DUH RIWHQ EROWHG WR WHESONTQNV XVLQJ DQ LPPHQVH
QXPEHU RI IDVWHQHUV 7KH FKDOOHQJH ©6QKBXAWLRQFIUHDEFLQJI BRURGNEQJIHUV DQG GRR!
WLRQ UDWHV ZKLOH GHFUHDVLQJ VRFLHWBBOMPWDR@ WR PLQLPLVH WKH QXPEHU-RI IDV\
URXQGLQJV FDQ EH H]JFLHQWO\ SURGXFHG LQ \
DOV E\ XVLQJ IDVW $)3 WR SURGXFH 5DW EOD
WHAT DID WE DO IRUPLQJ WR FUHDWH WKH & VKDSHG SURGXFW
)DVW DXWRPDWHG 4EUH SODFHPHQW $)3ZLRMKIRREOBUH6SDAMMEVYV LY SRVVLEOH LI WKH
FRPELQDWLRQ ZLWK IDVWHU DQG PRUH HDRUIK XVH|G LGIQN FRYKROIGHFHVV 7KLV LQ FRP
WLRQ VWHSV LV LQYHVWLIJDWHG ZLWK /®EYH 6 ®DRHPHOW RWUIRWBVU\ IRU WKH FRSSHU
7R PLQLPLVH PDQXDO ODERXU KRXUV 4EURRSGDHFIFRHQW LXVBIOWRHKSRQHOV
IRU WKH FRSSHU OLJKWQLQJ VWULNH SURWHFWLRQ /63 OD\HU RQ WKH RXW

VLGH RI WKH SDQHO LQ WKLV FDVH WKH 4UVW SO\ KH $)3 PRXOG

\ RN z P 7KLV UHVHDUFK L\
~QVWHDG RI XVLQJ DQ DXWRFODYH DQ RYHQ SV G D U 088 (S 6 Ry bwiRG SUR.
IRU WKH FRQVROLGDWLRQ 7KH RYHQ FRQVR el V7 RODQWLVELH\DRRG LR(Y +LIKWHFK  ZKLF

IDWLRQDO *URZWK )XQG RI WKH 1HWKH



Development of composite drag stay for
Airbus A350-1000

LWKLQ WKH &6 6\VWWHPV -7' D &)53 GUDJ POWOXIRRWXKH RI SUHIRUPV IRU WKHVH-W\SHV
LV EHLQJ GHYHORSHG LQ WKH &RUH 3DUWQUWLUH® URKH FW H\(E/W* GHKHJIQ LV RSWLPL]HG
JRDOV IRU WKH &)53 VWUXFWXUH DUH D ZRDIXWDFIWXAWLIQOR|I RYGURHWMW D ZHLJKW VDYLQ
UHFXUULQJ FRVW VLPLODU WR WKH FXUUHQWKBOXRRQLYXR RUWDIUWRWMWRWIEH PDQXIDFWXL
PDQXIDFWXUHG E\ /LHEKHUU $HURVSDFH EXKIHOW)E3 GBBPIRWMDVRROLQJ )XQFWLRQDO S
GHVLIJQHG E\ )RNNHU /DQGLQJ *HDU SDUWDRIXIDFWHURWGSB\FH/5100G DUH WHVWHG E\ )RN
FRRSHUDWLRQ ZLWK 1/5 WR UHTXLUHPHQWYV VHW E\ /LHEKHUU

$HURVSDFH :LWKLQ WKH SURMHFW 1/5 KDV IRFXVHG RQ DXWRPDWHG

Project: +(&2/$*
Customer: /LHEKHUU $HURVSDFH

Project partners: 5R\DO 1/5 )RNNHU /DQGLQJ *HD

+RUL]RQ
(XURSHDQ 8QLRQ )XQGLQJ
IRU 5HVHDUFK —-QQRYDWLRG
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Project partners
5R\DO 1/5 FRRUGLQDWRU '/5 9

JRNNHU $HUR VWUXFWXUHV (9(.7
-067 -19(17 75%$&.:-6( / 83
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ACASIAS: Advanced Concepts for Aero-Structures
with Integrated Antennas and Sensors

THE CHALLENGE THE SOLUTION

$LUFUDIW GUDJ UHGXFWLRQ LV DQ LPSRUVENQ/MDUW \RXHWKHU SEREDRPIRHDLLE DQG WKH $&
WUDQVSRUW 8S WR QRZ VDWHOOLWH DQW KR \G HDYUHO BB M GWQHRD BHBDRQ RUREQJ .X EDQG
RI WKH DLUFUDIW LQ ODUJH SURWUXGLQJ U DIERFARH 0 H ZL ARRALSRW KW H XMURSKHDOX UHV ZLWK LG
$&$6-$6 SURMHFW 5R\DO 1/5 LV LQYHVWLJIDWH G&$BK$6 SRYNQEULB LIYDIGHWO WR PDGH ZLWK I
LQWHJUDWH DQWHQQDV LQ WKH VWUXFW X URD MKR. GFHJ H B WIHQ ¥ PRRERVVEIRIQU 4EXMW HSUHSUHJ )L

VXUIDFHV PDFKLQHV DUH RIWHQ XVHG IRU ODUJH VXUIDF
HV 1/5 KDV QRZ RSWLPLVHG WKH SURFHVV IR
WHAT DID WE DO LQJ Rl WKLQ VWL*HQHUV -Q WKH FURVVLQJV F

7KH FRPSOHWH SDQHO LV FXUHG RQ D IHPD®IB ®RRO G KK WO SIHVWREID IFKKHY LQ RQH GLUHF
DW D KLJKHU WHPSHUDWXUH DQG SUHVVXUHWDRHWXEBE8R UFWWVKE@ W WH -RISSRIWLWH GLUHFWLR
GXULQJ WKLV SURFHVY QR ODERXU LOQWHQVKXBHRWRRWW ZB UWAKXVPICC GON\WRHWEH SDQHO J!
RI WKH FRPPRQ XVHG KLJK QXPEHU RI VXSSRWWGQ WRO FEMDWH/ LDLAWRI@QVSDUHQW VNLQ
EDJ LV GHYHORSHG 7KH VLOLFRQ EDJ KDV DMXWHWDMDH SDWWHUQ DV WKH

4QDO SDQHO ZLWK VWL*HQHUV -Q WKLV ZD\ DQ D*RUGDEOH SDQHO ZDV

PDGH ZLWK LQWHJUDWHG VWL.HQHUV 1R PD®\ IGRLIQV VBH NGHW XOWHDE IRQ EH SODFHG RQ

FOHDQLQJ RI WRRO EORFNV ERQGLQJ RI VWU+RQHKHRW R$KRII DXV W DWOFOLDVWR @ HGXFLQJ
RI'  DVWHQHUV WR FRQQHFW VWL HQHUYV DLUFUDIW

ACASIAS



Digital Twins:
ODVWHULQJ DQG RSWLPLVLQJ KLIJKO\ DXWRPDWHG FRP

7KH DHURVSDFH PDQXIDFWXULQJ DQG SURGXFWLRQ LQGXVWULHY DUH LQFUHDVLQJO\ FK
OHVV 7R EH DEOH WR FRPSO\ ZLWK KLJKHU SURGXFWLRQ UDWHY D+ RUGDELOLW\ DQG FF
IRU FXUUHQW GD\ PDQXIDFWXULQJ SURFHVVHV 7KLV UHVXOWYVY LQ PRUH SDUWV PHDQLQJ
WKH QXPEHU RI RSHUDWRUYV DW WKH SURGXFWLRQ 5RRU KDV QRW JURZQ

THE CHALLENGE
7KH FKDOOHQJH LV WR EH DEOH WR PDLQWBESWRVEN YLHZ RI LQGLYLGXDO

SURFHVV VWHSVY SDUW TXDOLW\ DQG VWDWMH RLIHWXDS PHQW FRGPYIDQAHG WKH DFWXDO \
PRQLWRULQJ DQG LQVSHFWLRQ RI DXWRPDWH® G WLPHYSHRFE\VY 'DQIGVBWRGXFW LQIRUPD
7ZLQ '7 RI WKH SK\VLFDO PDQXIDFWXULQRDB®VYREEREHQW HFRHIWR QPHQW DJDLQVW W
KHOS DQ RSHUDWRU WR 40WHU DOO WKH D Y\DLLRMXEDWHED & B K\DXYS RXWWD Q & WELLPRISHU W L H V

GHWHFWLRQ RI SURGXFWLRQ 5DZV 4UVW W GRHY UD WKW QWU E 68 XFQWE RIDK BNRKGRO GV 7KH '7

XFW TXDOLW\ DQG GHOLYHU\ UHOLDELOLW\D B0 GH Qi R'Q DAOKIAR BIKO GHIGH. FIR\G B @& FGADH/GK E R D |
GDWD FDQ EH XVHG IRU PDQ\ PRUH SXUSRVHQWHUDFWLYH YLVXDOLVDWLRQ WHFKQROR
« 'HVLJQ DQG RSWLPLVH WKH SURGXFWLRQKDBGKHDIGHN DQRBEBPQWIRQ SURMHFWLRQ RC

WXULQJ SURFHVVHV VXSSRUWLQJ RSHUDWRU DQG PHFKDQLFV
e 2SWLPLVH PDLQWHQDQFH XQGHUVWDQG LQVSHFW DGMXVW DQG UHSE
e 'LJLWDO WKUHDGV GLJLWDO SURGXFW SIOWQ/GRUWUVQDQK 6DYDIDQ@L VWDWLVWLFV ITUR
GDWD RQ EHKDOI RI FHUWL4FDWLRQ WUHQGY DQG DQDO\VHY GDWD DFURVV SURF

SURFHVV RSWLPLVDWLRQ DQG FRQGLWLRQ
PDLOQWHQDQFH 7KH 'LJLWDO 7ZLQ IDFLOLWD
DQG SDVVSRUWY RI WKH SURGXFWYV DQG PDF
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SRVLWHYVY PDQXIDFWXUL(C
WHAT DID WE DO
1/5 GHYHORSHG D 'LJLWDO 7ZLQ HFRV\VWHP
DQG LPSOHPHQWHG WKLV DV WHVW FDVH RQ RXU
5HVLQ 7UDQVIHU ORXOGLQJ 570 PDQXIDFWXU
LQJ HQYLURQPHQW IRU YDOLGDWLQJ DQG WHVWLQJ
%\ FRQQHFWLQJ DFWXDO OLYH GDWD IURP WKH
LQGXVWULDO 27 -7 WHFKQRORJ\ DQG PDFKLQH FRP
PXQLFDWLRQ SURWRFROV DQG D WDLORUHG LQWHJUDW
HG PL[ RI -7 WHFKQRORJLHV H J $- PDFKLQH
OHDUQLQJ GDWD DQDO\WLFV ELJ GDWD FORXG HWF
DQG GDWD VHWVY D GLJLWDO-UHSOLFD '7 RI WKH SK\VL
FDO 570 PDQXIDFWXULQJ HQ¥LURQPHQW ZDV UHDO
LVHG 7KH *UDSKLFDO 8VHU —-QWHUIDFH *8- RI WKH
'7 DQG DGGHG KDQGKHOGYV WDEOHWVY WR WKH ZRUN
HQYLURQPHQW WKDW DGYLVHV WKH RSHUDWRU QRW
RQO\ ZKHQ RQ WKH SURGXFWLRQ 5RRU EXW DOVR
ZKHQ WKH RSHUDWRU LV WDNLQJ D FReHH EUHDN
KDYH FUHDWHG D SRZHUIXO VPDUW DVVLVWDQW
%HVLGHV WKH 'LJLWDO 7ZLQ LV DYDLODEOH LQ DQ\
SODFH RYHU WKH ZRUOG UHPRWHO\ LQ QHDU UHDO
WLPH -W RQO\ YLVXDOLVHV WKH UHOHYDQW GDWD LQ HDFK
SKDVH Rl WKH PDQXIDFWXULQJ SURFHVV DQG LVVXHV
DODUPV RU ZDUQLQJV ZKLFK DUH WULJJHUHG EDVHG
RQ GH4QHG WKUHVKROGY DQG SUHGLFWLRQV E\ WKH
'LIJILWDO 7ZLQ



Enabling interlayer temperature control for Large
Scale Additive Manufacturing process

THE CHALLENGE THE SOLUTION:

2QH RI WKH PDLQ FKDOOHQJHV RI /DUJH 6B8FRDOBGLEYLWWH Q/BHI KOXLSPHQW ZLWK WKH
WHPSHUDWXUH WKHUPRSODVWLFV LV WKHOBRQWUBO RIWUSHVLRYWHU(OEH WIWRVHP GHYHC
SHUDWXUH ZKLFK GHWHUPLQHV WKH GHDOMWHRARIGCERGOULRIFREWURBQO QG DGMXVW WKH I
FRQVHFXWLYH OD\HUV :KHQ WKH GHSRVIPWBOVPRWBEWL Y HKRWDARROIHGRROLQJ RU DGI
GRZQ LQ H[FHVV SRRU DGKHVLRQ LV DFKKIHWKXSJEBEHWH DY ROBDHYWHW WKH ZD\ WR- IXUWK
OHDGLQJ WR LQVX]FLHQW VWUHQJIWK G H CFIDRALIQROONL REL N RF NIUGU DB LEIUW/5 ZLOO LQY
IDLOXUH -1 WKH PDWHULDO KDV QRW FRRQDW G IB@RZQJ VXKOHLPHDMOA RIOVDZRREWWUDWH L H
VXSSRUW WKH FRQVHFXWLYH OD\HUV WKWWHIRVH RHBEDOQJ WR SULQW IDLO

XUH 7KH LQWHUIDFH WHPSHUDWXUH FRQWURO LV HVSHFLDOO\ LPSRUWDQW

ZKHQ DWWHPSWLQJ ODUJH VFDOH SULQWY DQG ZKHQ SURFHVVLQJ VHPL

FU\WWDOOLQH WKHUPRSODVWLFV

WHAT DID WE DO:

$Q HTXLSPHQW XSJUDGH ZDV FDUULHG RXW RQ WKH 1/5 /6%0 V

VHWXS DOORZLQJ IRU EHWWHU WHPSHUDWXUH FRQWURO GXULQJ WKH SULQW

LQJ SURFHVV DQG WKH H*HFW RQ WKH SURFHVVHG PDWHULDO SURSHUWLHYV

ZHUH VWXGLHG WR IXUWKHU XQGHUVWDQG WKH RSWLPDO LQWHUIDFH WHP

SHUDWXUH 7R GHPRQVWUDWH WKH LPSURYHPHQW D ODUJH VFDOH DHUR

VSDFH JUDGH PRXOG LV PDQXIDFWXUHG DFKLHYLQJ 4YH WEPHWZORQIALW 7KLY SURMHEW LV
OD\HU OHQJWK FRPSDUHG WR SUHYLRXV H[SHULPHQWV ZLWZkeR WS, BarJiel Y ol e vre Wi
TXDOLW\ DQG SULQWLQJ VWDELOLW\
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Project partners

5R\DO 1/5 '/5 $HUQQRYD (QJLQHHULQJ GLYL
6KRUW %URWKHUV SOF %RPEDUGLHU %HOII
1RUGZHVWVFKZHL] / XS 6$6 1RUWK 7KLQ 3(

2]FH 1DWLRQDO G HWXGHV HW GH 5HFKHUF
5REFNZHOO &ROOLQV E H DHURVSDFH 8. OLR
7UDQVIXUDQV &KHPLFDOV EYED 7HFKQREL
THEFKQLVFKH 8QLYHUVLW|W +DPEXUJ +DUEX
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SUCOHS:sustainable and Cost Ef cient High Performance
Composite Structures demanding temperature and re resistance

7KH 6X&R+6 SURMHFW IRFXVVHV RQ QHZ VWUXFWXUDO FRQFHSWYV ZLWK QRYHO PXOWL P
WKHUPDO PHFKDQLFDO DQG 4UH ORDGLQJ -Q RUGHU WR DFKLHYH WKH SURMHFW REMHF
FRPSRVLWH VWUXFWXUHV WKH 6X&R+6 FRQFHSW IRFXVVHV RQ WKH WKUHH PDLQ WRSLF'

THE CHALLENGE WHAT DID WE DO

7KH PDLQ FKDOOHQJH TXHVWLRQV IRU WKLV BHRKLDR WMHPSHUDWXUH DQG 4UH UHVLVWDQW |

« &DQ ZH GHVLJQ DQG GHYHORS QRYHO KLRISHEHZSWKDMPSWHRYHG WRXJKQHVV E\ PDNLQJ >
FRPSRVLWH PXOWL PDWHULDO V\VWHPV WR VH Q DFEROGH QFHZWARRRES RWVK M SO\ WHFKQRORJLH\
VROXWLRQV IRU ZHLJKW VDYLQJV XS WR PD @0 FRXYWANQ X WWRKQRORJILHY ZHUH GHYHOR:

« &DQ ZH GHYHORS QHZ UREXVW VHQVRU FXOMHPRDWR WIQFQ HODMHRUPV ZLWK VSHFL4F IX
VDIHW\ DQG DLUFUDIW DYDLODELGLW)\ DRR® &RF®&REVH EDK PLCHWOQW KEDPDJH UHVLVWDQFH
QDQFH FRVWV XS WR " HQDEOH H]FLHQW PDQXIDFWXULQJ DW PLQLPXP

« &DQ ZH GHPRQVWUDWH H]JFLHQW DXWR PIDWWG®& UL R 1OWHHIGQRORIRMY ZLWK LQWHJIJUDWHC
LWH PDQXIDFWXULQJ WR UHGXFH WLPH BWQIE PR WRW LQG YW VEKPWY ZHUH YDOLGDWHG

SURGXFWLRQ VWHSV XS WR " ELOLW\ E\ PDQXIDFWXULQJ RI UHSUHVHQWDWLY|

RSHG PHWKRGV GHVLJQV DQG WHFKQRORJ\ LQ
THE SOLUTION GDWHG DQG GHPRQVWUDWHG E\ 1/5 RQ WKHH
‘'HYHORS QHZ PDWHULDOV DQG H]FLHQWWHRBSHDBWXUHQQDFHROOH FRPSRQHQW &RPS

FHVVHV IRU 4UH DQG WHPSHUDWXUH -UHVNMVKWDQW GBP S RMLMHVROQHUUXFEQHO VXEVWUXFWXL

WXUHV ([SORUH K\EULG PDQXIDFWXULQJ SURFHVVHV FRPELQLQJ

GL*HUHQW PDWHULDOV DQG PDQXIDFWXULQJ WHFKQRORJLHV DV ZHOO

DV VHQVRU DQG VLPXODWLRQ EDVHG DGDSWLYH SURFHYvRQ@UHEW KDV UHFHLYHG IX0GLOJ

TXDOLW\ FRQWURO VWUDWHJILHY 3HUIRUP PDQXIDFWXULQJRWAM EREV UWO BLQJ XQGHU WKH (XUR
+RULIRQ UHVHDUFK DQG LQQRYDWL

FXVWRPL]JHG PDWHULDO WHVWV WR JXDU®Q W H SHUIRUPQJQé\H SRUHHPHOW QXPEHU

QRYHO PXOWL PDWHULDO V\VWHPYV
23



Thermoplastic upper spar for an aircraft pylon
by Automated Fibre Placement

24

7KH FKDOOHQJH WR 4QG RXW ZKHWKHU WKHUI
EH XVHG IRU UHDOO\ WKLFN DQG ODUJH FRPSI
DLUFUDIW 3DUWV RI WKH DLUFUDIW HQJLQH S
LQJ QRUPDO XVH RI WKH DLUFUDIW )RUYU WKDW
UHQWO\ XVHG DUH FRPPRQO\ PDGH RI WLWDQL
VXFK DV ULEV DQG VSDUV LQ WKH S\ORQ DUFL
PLOOLQJ $ UHGXFWLRQ RI FRVWYV PLIJKW EH DF
SDUWV FDQ EH UHSODFHG E\ FRPSRVLWH PDWF

$V SDUW RI D 'XWFK LQQRYDWLRQ SURJUDPPH 7%
$+RUGDEOH 3ULPDU\ $LUFUDIW 6WUXFWXUH 1/%
IDFWXULQJ Rl D ODUJH DQG WKLFN WKHUPRSOD\
$XWRPDWHG )LEUH 30DFHREB QW $5Q'G3 & H WBIW H
ULDO RI 7RUD\ :LWKLQ WKLV SURJUDPPH D SU
PDGH IRU D S\ORQ XSSHU VSDU XVLQJ 4QLWH H
OHFKDQLFDO WHVWV ZHUH FRQGXFWHG ZEWK WKI
SHUDWXUHV DQG D 4UVW SURWRW\SH ZDV FRQV
ZDV PDGH E\ 4EUH SODFHPHQW RQ D PDOH PRXOC
FRQVROLGDWHG LQ DQ DXWRFODYH



ROYAL NLR |COMPOSITES R&D

%DVHG RQ GHYHORSPHQWY LQ WKLV SURJUDPPH LW ZDV FRQFOXGHG
WKDW WKLFN FRPSRQHQWY FDQ EH PDGH RI WKHUPRSODVWLF PDWHULDOV
ZLWK DQ DXWRPDWHG PDQXIDFWXULQJ SURFHVV WKXV UHGXFLQJ
ZHLIJKW DQG SURGXFWLRQ FRVWY 7KH PDWHULDO LV XVDEOH DW KLJKHU
WHPSHUDWXUHYV 7KLV LQQRYDWLYH SURFHVV KDV JUHDW SRWHQWLDO IRU
WKLFN 8 VKDSHG SURGXFWYVY LQ WKH DHURVSDFH VHFWRU 7KH WHFKQLTXH
LV DOVR XVDEOH DV D UHSODFHPHQW IRU D ZLGH YDULHW\ RI SURGXFWYV
OLNH ZLQJ VSDUV VWDELOLVHU VSDUV DQG 5RRU EHDPV

Customer: 1HWKHUODQGV (QWHUSULVH $JHQF\

R&D: 5R\DO 1/5
Partners: *.1 )RNNHU $HURVWUXFWXUHV 7RUD
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CFRP Vinci Thrust Frame

THE CHALLENGE THE SOLUTION
7KH $ULDQH /DXQFKHU ZLOO HQWHU D YHURXBBBBWDW LY ERRPHWAUD® JUDPHV IRU OD.
ODXQFKHU PDUNHW 1HZ HQWUDQWY WR WK LV R PNNWD @ D B HIYHLRXAH G WRIWDPV VKRZHG
ODXQFK SULFH SHU XQLW PDVV SD\ORDG EVZKDIKMW FD @V LD FIRIFOYHWO\ EH UHGXFHG E\ I
TXHQFH D NH\ UHTXLUHPHQW IRU WKH GHYHOR® RHQ W RH LVQKRIUFHI® SRO\PHUV LQ WDLORU
LV UHGXFHG UHFXUULQJ SURGXFWLRQ -FRVSWR BIQ\GV i Q@ FEAHWKH @ SWMRPPWHG 4EUH SODFF
PDQFH &RPSDUHG WR $ULDQH WKH SURGXFIWLIRE FR\VDNYHKRKQEHEMQLWH HOHPHQW P
UHGXFHG E\ DW OHDVW &RVW UHGXFWSROQEXD Q6 1% H UIR GHYGIPHRSHG RSWLPLVDWLR
LQFUHDVH ERWK VWL<QHVV DQG PDVV VKD O PR WHBIOR DHX IDF WHRERYHW®HSY DQG WRR
PDWHULDOV PDQXIDFWXULQJ WHFKQRORJLMWFWRRFAHVVGV | BW RFKHG X WHHUHG SOLHV
DQG RSWLPL]DWLRQ RI WKH LQGXVWULDO RUJDQL]DWLRQ
'"HGLFDWHG ORFDO UHLQIRUFHPHQWY DUH F|
RYHUODSSLQJ LQ RUGHU WR LPSURYH WKH |
WHAT DID WE DO EHWZHHQ WKH UHGXFHG DPRXQW RI EODGH
7KLV LQQRYDWLYH GHVLJQ LQ FRPELQDWLRQQW@QARWDWKKHHD R®\REPMWHAVLRQHPHWKRG LQ FR
SODFHPHQW WHFKQRORJ\ ZLOO ORZHU NQRPAMWRRDW HBGFWRIH SOBEXFHQW WHFKQRORJ\
ZHLJKW DQG PLQLPL]H VFUDS PDWHULDO U3R/2D WIFQURIUY UHEGOFRHLRBLRKW DQG PLQLPL
PDWHULDO DQG HQHUJ\ FRQVXPSWLRQ SURADOWILQJI LWLEBHGORBLRQ RI PDWHULDO FF
LQFUHDVHG SD\ORDG 7RJHWKHU ZLWK DS 'S GIHADM DR QWRLIPWP DQ VR WRIRO L\PR WDYH PDQXIDF
VQRZEDOO H*HFW LV FUHDWHG WR UHGXFH L& FUH/DNIHOW & HVSJD PR DG FRQY ® RELWLRQ 4EU
HDFK FRPSRQHQW ZLOO EH DYDLODEOH LQ D P®QXQ\WAWMXDWE G EDWRQEDFMMRU\ 6ROXWLRQV
FRQWDLQLQJ DV EXLOW LQIRUPDWLRQ 4EUH SODFHPHQW WHFKQRORJ\ 3RVVLEOH PI
JDSV RYHUODSV RU WZLVWV DUH GHWHFWHG
WR D GDWDEDVH &RUUHFWLRQV DUH DSSOLH
4UVW WLPH ULJKW SURGXFWLRQ IRU IXUWKH L



ROYAL NLR |

Project partners

&XVWRPHU (XURSHDQ 6SDFH $JHQF\

/IDXQFKHUV 3UHSDUDWRU\ BURJUDPPH

B3ULPH $LUEXV 'HIHQFH DQG 6SDFH 1H
6XEV 1/5 -QIDFWRU\ 6ROXWLRQV

k SLUEXV 'HIHQVH 6SDFH 1HWKHUODQGV 1/5
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Project partners
-QGXVWU\ (8
*URE (YHNWRU

5HVHDUFK RUJDQLVDWLRQV 5R
9=/8 -1&%6

3%6 0(5/ (/(0(1
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ESPOSA: Ef cient Systems and Propulsion
for Small Aircraft

THE CHALLENGE THE SOLUTION

&RPSRVLWHV ReHU VHYHUDO DGYDQWDJHV RYH¥H®@RSMDOYWWR GRR2VAKBHILIQ DSSURDFKHYV D
WKHP IRU FRPSRQHQWY LQ DQ DLUFUDIW-QDFHUOW IGHY IRQDGKMDDEMBQWDIJKHU WHPSHUDW!
HV ORZHU GHQVLW\ KLJKHU VSHFL4F VWUHQJISWVDQYE QWEQEIOM \EWWX\FHWXERLY IRU VPDOO L
URVLRQ UHVLVWDQFH EHWWHU VRXQG DEVRUBRNWQ H-KTFWDLFY\HH WPPLD/VQUXLIIPDW W G WMPKKIHV RO XW L R ¢
SRVVLELOLW\ WR UHGXFH SDUW FRXQW E\ PRKOGVQJRDQ@EGURPUDRIQYW RKHOMGIYDQFHG FRPSRV
JUDWHG VWUXFWXUHV 7KHVH DGYDQWDJHV KIRMWH @QBIEHWR H GFRPEIRQ DY WY SAKIL FK WUDGLWL
FDWLRQ RI FRPSRVLWHV LQ MHW HQJLQHV RYHRDWKHXYDLQYW BHWD®HVUHRZXHYHQI VLIQLAFDQV
WKLV LQYROYHG PLOLWDU\ DQG ODUJH FLYLO DHYRUIDWW GHIQU QOB \Z HI6B3R 8% MQBHBRVW SHQDOW
DW vPDOO DLUFUDIW FRPSRVLWH QDFHOOH GHYHORSPHQW WDUJHWLQJ

e &RVW UHGXFWLRQ E\ 7R DFKLHYH WKLV JRDO VHYHUDO FRPSRVLWH
e« 3DUW DQG ZHLJIJKW UHGXFWLRQ E\ LQYHVWLIDWHG LQ RUGHU WR H[SORLW WKH ¢

WKH PRVW SURPLVLQJ HPHUJLQJ PDWHULDO\
WHAT DID WE DO $GGUHVVHG WRSLFV

5R\DO 1/5 LQ DVVRFLDWLRQ ZLWK SURMHFW SDBRWEOHEW-VEH PQ®W HHVDQWRRG SURFHVVHV I
SOLHU 5DSWRU 5HVLQV VXFFHVVIXOO\ HPSOR\HAGX DHQ® B FHBDFXEKY UHVLQ

LOMHFWLRQ PHWKRG XVLQJ WKH %LVPDOHLPLGIH LD -HQUHYHR WMNYWBBSURDFK VDWLVI\LC
:LWK SURMHFW SDUWQHUYV 3LDJJLR 0(5/- &-5% PO® X502 KW XIbL QB YHR@QVWUDLQWV

RSHG DQG PDQXIDFWXUHG D &DUERQ %0- QbFAROWOM DRG WHKH GDWILRRKLIK WHPSHUDWXUH
3 H[FHHGLQJ WKH WDUJHWYV IRU FRVW SDUW DQG ZHLJKW UHGXFWLRQ

(6326$ LV D (8 IXQGHG
SURMHFW *UDQW DJUHHPHQW
QXPEHU



Leading edge manufacturing by bre placement
with dry bres and with prepregs

THE CHALLENGE WHAT DID WE DO

7KH UHGXFWLRQHPILWKHREZLY DQ LPSRUWDAZWR BODNOHOHIDIW LIRKW FRQFHSWV ZHUH GHYHORS
DOO LQGXVWU\ DQG WUDQVSRUWDWLRQ VBNWRWWD QR FUHVRWY HVID /XYW D LRDEDGL QJ 9$57(
DHURVSDFH VHYHUDO (XURSHDQ UHVHBPUPBPKWRRODDIF FXVLBQUHSUREMNYD WLWK LQWHJIUDWH (
HG ZLWKLQ WKH &OHDQ 6.< FDOO 2QH WKHNISHWHREPRIDBDPRHW GW E\ DXWRPDWHG 4E
WLWOHG $GYDQFHG /DPLQDU )ORZ W$LOSUBIQBHEWSEY H QDG WRAMAEHGXYFRI SUHSUHJ WDSH!
&2 HPLVVLRQV RI DLUFUDIW LV WR ORZHU IWKRAHGGUDURW KD W HBREEQAVPROG YDFXXP SUHV
IRUFH WKDW RSSRVHV DQbDLUFUDIW VbPRWVRQHEBKURRQKIWKBWULRQ 7RLAMUHDWH DQ DQ'
FDQ EH REWDLQHG E\ FUHDWLQJ D ODPLQDURBRWYW RYHWKKHKE HZDLQUQ$ WIBUHV UHVHDUFK ZD
VPRRWK VXUIDFH LV UHTXLUHG IRU D ODP ) IQBKINER 6FKLFKW IRU SUH WUHDWPHQWYV

1LFNHO &REDOW OD\HUV

THE SOLUTION

:LWKLQ WKH $/)$ SURJUDPPH 5R\DO 1/5 LV LQYHVWLJIJDWLQJ GL*HU

HQW PDQXIDFWXULQJ WHFKQLTXHV WR FUHDWH D OHDGLQJ HGJH ZLWK
RXW IDVWHQHUV 2QH FRQFHSW FRXOG EH WR ERQG WKH ULEV WR WKH
OHDGLQJ HGJH VNLQ +RZHYHU D IXOO\ ERQGHG FRQQHFWLRQ ZLWK

IDVWHQHUV LV GL]FXOW WR FHUWLI\ 7KLV SURMHFW KDV UHFHLYHG IXQGLQJ
-RLQW 8QGHUWDNLQJ XQGHU WKH (XUR
+RULJRQ UHVHDUFK DQG LQQRYDWL

C|9005k97 *UDQW $JUHHPHQW QXPEHU
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Project partners
5R\DO 1/5
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Composite blades for wind tunnel models:
design and manufacturing

THE CHALLENGE ORUH H[WHQVLYH LQVWUXPHQWDWLRQ FDQ EH L

&RPSRVLWH PDWHULDOV KDYH SURYHQ WR EMKBHEDDGRY ZINH WXQQHO

PRGHO EODGHY —-W DOORZV WR PLWLJDW H +S RVOMGHA UIDAV HGNV Y WKHDQ @ IBXIHBURESHFLDO O\

OHPV DQG HQDEOHV H[WHQVLYH LQVWUXPHQWDXMR ® RXQUWHG HPREWHE GHR® SUHVVXUH VHQV

SRVLWH PDWHULDOV R*HU WKH SRVVLELOLW\ IRW DHWRGNQ DM WA B QV® DFRXIVWL A MHDVXUHP

WKH VWUXFWXUDO GHVLJQ FDQ EH RSWLPL]HGXMK PRKQWHADY(WKDMRURAODGH GHIRUPDW

H[DPSOH EODGH GHIRUPDWLRQ DQG EODGH | GKIWXHQJFURWDWHROXQHG DV

GHVLUHG )RU URWDWLQJ VIVWHPV LW LV HVVRW WLDDWHIGD WHE WIL\DQ D N URWHPD VRWFODP LQ D

EHKDYLRXU LV ZHOO XQGHUVWRRG SULRU WWRD QUD\GLRVX @ EBUXHBMHUQ W

$GYDQFHG )(0 PRGHOV RI FRPSRVLWH ZLQG WXQQHO PRGHO EODGHYV

DQG D JRRG XQGHUVWDQGLQJ Rl WKH FRPSOFNSOBDIOXIDFWXUH SURFHVV

LV LPSRUWDQW LQ WKLV +RZ DFFXUDWH F D) USKHAH LOWIRKMD WQROHIDIZ) DQG PDQXIDFW

EODGH IUHTXHQFLHYV EH SUHGLFWHG" 7R ZK DXWQHE WX QW HLO/ PR IGH & FOIDGWHMWIHY GHYHORSHG Y

LQVWUXPHQWDWLRQ LQ5XHQFLQJ WKH DHUR IXQBGWE LB HAHHIUWAIR BURMHFWY ODWHULDO DQ!
EHLQJ SHUIRUPHG WR YDOLGDWH WKH EDVLF P

WHAT DID WE DO WKH VSHFL4F PDQXIDFWXULQJ SURFHVV XVHG V

7KH WHVW HOHPHQWYV DQG SURWRW\SHV DUHQDXCEHMGIB®H\E WR D YDULHW\ RI

LQVSHFWLRQV DQG W\SLFDOO\ WKHVH LQVSHFWLRQV DUH WDLORUHG IRU ZLQG

WXQQHO EODGHV *HRPHWU\ LQVSHFWLRQ ERXSEHDWH P WY VXWH POYR XVHG WR YDOLGDWH

GHIRUPDWLRQ PHDVXUHPHQW DQG VWUXFWRQGOPDWWHUDQWREKBFN. @ DI® HDUO\ VWDJIH R

VWDQGDUG SURFHGXUH 7KLV UHVHDUFK ZLOQ ISPSIDROYGH O FBXYBRMRVWRE MW KRPSRVLWH ZLQG

SUHGLFWHG DHUR HODVWLF EHKDYLRXU DQOGUHPBD®M H\L WK BI QW WO VRIY MV KEIVWUXPHQWDWLR

PDQXIDFWXUHG FRPSRVLWH EODGHV

33



Project partners

5HVHDUFK RUJDQLVDWLRQV 1/5 6%0
-QGXVWU\ 1/ 7RUD\ SURMHFW OHD(

%ROG )LQGLQJV &U\RZRUOG )RNNHU

-7 6 (QILQHHULQJ .9( 3KRWRQ)LUVW

7KLV SURMHFW LV SDUWLDOO\ IXQGHG E\ WK
592 ITHWKHUODQGV WHUSULVH $JHQF\ WK
8QLYHUVLWLHV 78 'HOIW QcVv (Q Ry

6XEVLGLHUHJHOLQJ 5 ' ORELOLWHLWVVHFWF
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Liquid hydrogen composite tanks for civil
aviation

+\GURJHQ KDV EHHQ LGHQWL4HG DV D NH\ SULRULW\ WR DFKLHYH WKH (XURSHDQ *UHHQ
FRQVWUXFWLRQ RI WKH K\GURJHQ WDQN IURP H[LVWLQJ PHWDOOLF,VRRRKSR\RLOWVHWRD QR
DFKLHYH ZHLJKW VDYLQJY WKDW HQDEOH WKH DGYDQFHPHQW RI OLTXLG K\GURJHQ DV D
WKH FDUERQ IRRWSULQW RI DLU WUDYHO DQG H[WHQG WKH 5LJKW UDQJH RI DLUFUDIW E

THE CHALLENGE
JRU VLQJOH DLVOH FRPPHUFLDO DLUFUDIW1IHYWHDHIX®WI\ LQHQMLXAHRIWHRE® VPDOO VFDOH Y
SUHVVHG K\GURJHQ JDV LV QRW VX]FLHQWDER WBRJRFDGH W\KH QHWHWWDIDLOO EH GHYHORSHEH
UDQJH WKLV FDQ RQO\ EH UHDFKHG ZLWK PHBEMBOK\FEDUIR DHG WKRIWHPG OVBHUIRUPDQFH 'XU
.HOYLQ r& 7KH SURMHFW DLPV WR GHYEHORSS HDWIQE UOBVYY OBRQG GIUMWVHUDFWLRQ RI K\G
OLJKWZHLIJKW FRPSRVLWH WDQN WKDW FDQ ZLWKVWDQG WKH ORZ WHPSHUD
WXUH RI OLTXLG K\GURJHQ DQG UHODWHG WFKHEGBINDIOWW UH VV

7KH SURMHFW ZLOO IRFXV RQ WKH DSSOLFDWLF

WHAT WE ARE DOING DQW FRPSRVLWH PDWHULDOV ZLWK VX]FLHQW:
1/5 KDV GHYHORSHG DGGLWLRQDO IDFLOLWLRY KNEWRVHQYWLQ RFRIFSRWVRWRPSO\ ZLWK ERL(
PDWHULDOV DW .HOYLQ 6HYHUDO VHPL RHVLDGEHQK WEKIHWRR$W DD/AAIFQJ VLIQL4AFDQV

FRPSRVLWHV 7RUD\ KDYH EHHQ VFUHHQHG XPHDDGYQRXWRHLY ISQMRSHIWHG WDQN ZLOO Et
WLHVY DW WKLV YHU\ ORZ WHPSHUDWXUH 6FBRA®IUQEXRWMRPH RV KHU® FRW RUWLXP PHPEHL
FRPSRVLWH PDWHULDOV IURP 7RUD\ LV RQJR LHUX L7KFH BDIN. MKL BXONVG DAWHYBIOVIRHQVRUY DQG VH
FKDUDFWHULVHG UHJDUGLQJ WKHLU SHU-PHD BIHPMV\" XSUWLRBIHW WH H3H B RIE) WBHK\DIWHY GLIJLWDO Gl
DQFH DJDLQVW WKHUPDO F\FOLQJ GRZQ WR EH .XWOHG QVR/ RLQWKIEMH ZVMHKUPDO VWUHVYV DQG
SURMHFW SDUWQHUV D VXLWDEOH FRPSRVLR/IHDRDARHADWHG PIDOQXI|EHRWAHOHEIWHEFKQRORJILH
DQG FKDUDFWHULVHG UHJDUGLQJ HQJLQHHULQJ SURSHUWLHYV DW .HOYLQ

35



ATTILA: Advanced Testbed for Tiltrotor Aeroelastics

THE CHALLENGE

5RWRU EODGH GHVLJQV KDYH WR EH VX]F{H QBOO\GHMW UWKIQYIH I IEHHAQ Q@ VWUXPHQWHG ZL\
WXQQHO WHVWLQJ DQG PXVW KDYH G\QDPXFHVWKDQG FRASHWLF WEBWVWKRWRQLWRU WKH
UHVHPEOH WKH IXOO VFDOH EHKDYLRXU EKQWGLE@HSODRDBVWRKNNVWRWKIHREGCOD W WKUHH GL-l
GHVLJQ VKRXOG KDYH D FORVHO\ PDWFIRWWKWLYDRANMVWDRIE WRVRFRQLWRU WKH G\QDF

GLVWULEXWLRQ DORQJ LWV HQWLUH VSDQEDD GRV SXWLLQRIQWZALHN KL W & HAVY Q Q@ HOWW H V W
SURSHUWLHV Rl WKH DHURHODVWLFDOO\ VFDOHG EODGHYV

6WLQHVYVY SURSHUWLHY DORQJ WKH EODGHE$SIDQOION

 $[LDO 5DS DQG OHDG ODJ EHQGLQJ DQB&HNVROVGRQGHWLIQHWRQVLVWY RI D ORDG FD!
 /RFDWLRQ RI WKH QHXWUDO D[LV DQG WKISDU DWW WUKLQ WUDLOLQJ HGJH %RWK DUH
ObVV SURSHUWLHY DORQJ WKH EODGH VSBEUH UHLQIRUFHG ODPLQDWHY VXSSRUWHG E\
« ODVV DQG PDVV PRPHQWYV RI LQHUWLD FRUH -Q DGGLWLRQ WKH 'VSDU KDV WXQJVYV
e &HQWUH RI JUDYLW\ SRVLWLRQ OHQJWKV DQG GLDPHWHUV WKHVH QRQ VWU)
-Q DGGLWLRQ WKH EODGHVY KDYH WR EH LQWWMGXRUQWKGLIRIUWKRH PBRV LUVWULEXWLRQ
WKH ORDGY DQG G\QDPLF EHKDYLRXU RI W KBIOR@D GNHIWH GASWDIQO B | W\KKHH 25 GDGG H

WXQQHO WHVW 7KH 4QDO GHVLJQ RI WKH EODGH LV EDVHG

DQDO\WHV WR GHWHUPLQH WKH FURVV VHFWLRC

DORQJ WKH EODGH VSDQ 7KHVH SURSHUWLHV
$HURHODVWLFDOO\ VFDOHG EODGHV ZHUH GHWVIXIQHG DY RBQ XED FYDXVIHE) WKH OD\ XS |

7KH GHVLJQ HQFRPSDVVHG HYHU\WKLQJ IURPHEROGWYWRXRWVHGCGWRISIBRWR/RP VNLQ ZHE WUI

GHWDLOHG VWUHVYVY DQDO\VLV RI WKH 4QD & ObGHGH) RWWXHFRXILRD 7KH 4QDO

EODGH GHVLJQ KDV FORVHO\ PDWFKLQJ VW EW) WXV Q@HIEERXDW W KDIW WHKHEXODGH QHHGV WR

WLRQV ZKLOH VWLOO VDWLVI\LQJ DOO zZW®E WLSQ QKM ORW WH @ X WMKHGEDYWWA\QHVV SURSH

UHTXLUHPHQWYV DSSOLFDWLRQ RI XOWUD WKLQ JODVV 4EUH ||
7KHVH WKLQ SOLHY DOVR DOORZ DFFXUDWH WX
VWLeQHVV SURSHUWLHV LQ WKH UHVW RI WKH E

WHAT WE DID
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7KLV SURMHFW KDV UHFHLYHG IXQGLQJ IURP WKH &OHDQ 6N\ -RLQW 8QGHUWDNLQJ -8 XQGH
VXSSRUW IURP WKH (XURSHDQ 8QLRQ V +RUL]JRQ UHVHDUFK DQG LQQRYDWLRQ SURJUDPPH

Clean Sky?2 WKDQ WKH 8QLRQ
37



Project partners

1/5 '/5 3ROLWHFQLFR '1: 3KRWH

38



ROYAL NLR |COMPOSITES R&D

Thermoplastic Composites for Sustainable
Aviation

JRU IXWXUH DHURVSDFH DSSOLFDWLRQV WKH JRDO LV WR UHGXFH ZHLJKW LPSURYH FLU
WXULQJ DQG RSHUDWLRQ WKDQ WKH FXUUHQW VWDWH RI WKH DUW &OHDQ SURSXOVLRQ
7TKHUPRSODVWLF FRPSRVLWHYVY KDYH D JUHDW GHDO RI SRWHQWLDO LQ DOO WKHWH DUHELC
WLRQ VXFK DV 8UEDQ $LU ORELOLW\ 8%$0 DQG 6XE 5HIJLRQDO (OHFWULF 9HKLFOHV 65(9
RSSRUWXQLW\ WR GHYHORS YDOLGDWH DQG LPSOHPHQW QHZ WKHUPRSODVWLF WHFKQR
DLVOH DQG ZLGH ERG\ DLUOLQHUV

THE CHALLENGE YDULDEOH WKLFNQHVV LQFOXGLQJ WKH OLJK
7KH UHVHDUFK IRFXVHV RQ QHZ OLJKWZHLJKMRWERGIOU HIKQVRBBBGZ WXGILQJ DFWLYLWLHV E>
PRSODVWLF PDWHULDOV DV ZHOO DV QHZ DQG/LRXOGRYWIWRYHD QRBONXNDE6WARDWUIRQ DUH DGGUF
DQG GHVLJQ FRQFHSWV $V H[SHFWHG YROXPHVX\RILQWRH LISOWPDUNHW IRU LQGXFWLRQ ZH(
DUH KLJK WKRXVDQGVY SHU \HDU D KLJK GHGUWHHWD OD X WRPHDWHERWYDMWQARQ FRPELQLQJ SURI
GLJLWDOLVDWLRQ RI WKH PDQXIDFWXULQJ PREHOLVHVGDW @ HHGHOGLPAKUIRYH SURFHVV RS
PDLQ JRDO LV WR GHYHORS GLVWLQFWLYH WHPK®@RQR A RAQ WRLP ¥ BDUHG WHFIUD S
IRUFHG WKHUPRSODVWLF FRPSRVLWHV DQ& WHMHWHD UWK/ IDBER KADW WVMRIQPWRUWMKXUH WKHUPF
QH[W OHYHO LQ WHUPV RI VXVWDLQDELOLW\ \FROXWLRQE BVUP MXVWMW\QDEOH DOWHUQDWL
ZLFK VWUXFWXUHV 7KH IRFXV LV RQ ERWK FF
WHAT WE ARE DOING SURFHVV GHYHORSPHQW
3DUDOOHO WR WKH WKHUPRSODVWLF PODWHWBVDQJ GRERVL P QG PIHOQXFDPWXOUGGLWLYH PDQ
LQJ GHYHORSPHQW WHVW FRPSRQHQWY OLNHODDWWHU @OWLER WD \RRIDV&$IO-HQLQJ WKHUPR
DUH PDQXIDFWXUHG WR FKDUDFWHUL]H DQG LYERGLHD WP W@ HH @HHAU RM-BFAOKFH PDWHULDOV
QRORJLHV :LWKLQ WKLV SURMHFW 1/5 ZLOODRHFX3SRQZLOO EH XVHG IRU SULQWLQJ RQWR
* &RQWLQXRXV IDVW LQGXFWLRQ ZHOGLQJ RPRQKGLRWKWHE® ED ®X8WRPDWHG 4EUH SODFHP
WKHUPRSODVWLF GRXEOH FXUYHG DHURVSDFH VWUXFWXUHV ZLWK



7KH IDFLOLW\ IRU DXWRPDWHG FRPSRVLWH PDQXIDFWXULQJ SURYLGHV 1/5 WKH FDSDELC
IDEULFDWLRQ PHWKRGYV DQG VWUXFWXUDO FRQFHSWV LQ FRPSRVLWH IRU DLUFUDIW DQC

7KH IDFLOLW\ KDV D WRWDO BHRE UL QREGIDOGRIV P
BLORW 30DQW IRU SLFN DQG SODFH WHFKQRORJ\ KRW GUDSH IRUPLQJ EUDLGLQJ DQG
$XWRPDWHG )LEUH BODFHPHQW RI WKHUPRVHW DQG WKHUPRSODVWLF PDWHULDOV DQG
3UHVV IRUPLQJ RI WKHUPRVHW DQG WKHUPRSODVWLF PDWHULDOYV
-QGXFWLRQ ZHOGLQJ RI WKHUPRSODVWLF PDWHULDOV
7TKHUPDO DQDO\VLV RI FRPSRVLWH PDWHULDOV
/IDPLQDWLQJ DQG FXULQJ FRPSRVLWHYV XVLQJ DXWRFODYH SURFHVVLQJ

FACILITIES OF ACM-TC

7KH FRUH RI $&0 LV WKH 5 " IDFLOLW\ IRU FRPSRVLWHYV PDQXIDFWXUL&ISRBIWKPF?S%KH
IDFLOLW\ LV HTXLSSHG ZLWK D &RULROLV 4EUH SODFHPHQW PDFKLQH FDSDEOH R
SURFHVVLQJ WKHUPRVHW PDWHULDOV WKHUPRSODVWLFV DQG GUA\ 4EUHV J2WKHU
HTXLSPHQW FRQVLVWY RI DQ DXWRPDWHG SUHIRUP FHOO IRU URERW EDVHG FRPSRVLWH
PDQXIDFWXULQJ D EUDLGLQJ PDFKLQH DXWRPDWHG 570 PDFKLQH ZL'WK LXOO SURFHVV
PRQLWRULQJ DQG FRQWURO IHDWXUHV D SUHVV IRU WKHUPRSQDVWJ:F SURFHVVLQJ
DSSDUDWXV IRU RXW RI DXWRFODYH SURFHVVLQJ ODUJH VFDOH DGGLWLYH PDQXIDFWXU
DQ DXWRFODYH D & VFDQ FOHDQ URRPV DQG D ZHOO HTXLS . G WHVW-KRXVH WR SHUIR
PDWHULDO TXDOL4FDWLRQ DQG VWUXFWXUDO FHUWL4FD.\NL\ SURJUDPPHV

6
NLR AMSTERDAM



Composite facllities

$XWRPDWHG &RPSRVLWHY ODQXIDFW X
$&0 3LORW 30DQW
/DUJH VFDOH DGGLWLYH PDQXIDFWXU
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ROYAL NLR |COMPOSITES R&D

Automated composites manufacturing

7KH $XWRPDWHG &RPSRVLWH ODQXIDFWXULQJ 7THFKQRORJ\ &HQWUH $&0 7& DQG WKH $X
$&0 33 ZHUH HVWDEOLVKHG DW 1/5 LQ WKH 1IHWKHUODQGY WR SUHSDUH WKH ZD\-WRZDU
LWH VWUXFWXUHVY ODUJHO\ LQ VXSSRUW RI WKH FRPSRVLWHV LQGXVWU\ EXW DOVR R
EULQJYV WRIJIHWKHU WKH FRPSOHPHQWDU\ UHVHDUFK FDSDELOLWLHV RI UHVHDUFK FHQW
LOQGXVWULHV $&0 7& RSHUDWHY DW 7HFKQRORJ\ 56HDGLQHVY OHYHOV 75/ 75/ ZKHUH
7KH YLVLRQ RI WKH $&0 LV WR SLRQHHU LQQRYDWLYH IDEULFDWLRQ WHFKQRORJLHV IRL
WR HQKDQFH WKH FRPSHWLWLYHQHVYVY RI LWV PHPEHUVY E\ FRQGXFWLQJ DSSOLHG UHV|
WKH OHYHO RI IXOO VFDOH SURWRW\SHV

OUR CAPABILITIES WHAT WE DELIVER

e 'HVLJQ FRQFHSWV LQ FRPSRVLWH (IWHQVLYH H[SHULHQFH ZLWK DQG NQRZOHG]
e 'HWDLOHG 4QLWH HOHPHQW FDOFXODW LSRP\S RFU V¥R DODRWVH. WM HD G VRDQYXIDFWXULQJ SURI
e 7UDGH VWXGLHV WR HYDOXDWH GL*HUHEMKOMVRXQ RRFRPERVLWH PDWHULDOV DQG W

e &RVW PRGHOOLQJ Rl FRPSRVLWH VWUXFWXUHV :H SHUIRUP DFV
* $ VHFRQG RSLQLRQ RQ FRPSRVLWH GHVIH®NK +LJK 6SHF FRPPXQLW\ OLNH DHURVSI
e &RPSRVLWH PDQXIDFWXULQJ PDULWLPH UDLO WUDQVSRUW DQG PHGLFDO

+ )XOO VFDOH SURWRW\SLQJ

+ ORXOG GHVLJQ DQG PDQXIDFWXULQJ

+ $XWRPDWHG )LEUH 30DFHPHQW

« 5HVLQ 7UDQVIHU ORXOGLQJ

« 9DFXXP DVVLVWHG 5HVLQ WUDQVIHU PRXOGLQJ

+ $XWRPDWHG &RPSRVLWH ODQXIDFWXULQJ H J 3LFN 3ODFH
« 3UHVV IRUPLQJ

« %UDLGLQJ

+ —QGXFWLRQ ZHOGLQJ
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ROYAL NLR |COMPOSITES R&D

Automated Composite Manufacturing Pilot Plant

The NLR automated composites pilot plant, ACM % Field Lab, aims to attract Small- and Medium-sized Enterprises (SMES).
7KLV ZHOO HTXLSSHG VWDWH RI WKH DUW 4HOG ODERUDWRU\ PDNHV KLJK WHFK HTXLSF
weight products.

7KH SXUSRVH *RI)$®OG /DE IRU $XWRPDWHGHERPRB\PIMAHY RI QHZ OLJKW ZHLJKW SURGXF
O0DQXIDFWXULQJ OHWDO ODQXIDFWXULQJ-DQRD QXLQPWMRODDREH WNFKRRRXBILHY 7KLV SURFHV
SRUW FRPSDQLHV LQ WKH GHYHORSPHQW RIRILFRQ ZHS KW WKWMP\DPBIGHYHQWXDOO\ GHY
RI FRPSRVLWH PDWHULDOV DQG RU PHWBO SU/BWRW\SHRYLGH WKLV VXS
SRUW LQ QHDUO\ DOO SKDVHV RI SURGXFW GHYHORSPHQW IURP FRQFHSW
VWXGLHYV DQG PDWHULDO VFUHHQLQJ WR SSHFONVKBU EHVQBILOH G VG WKLH @\E DQIGW\ WR SRV W S
FUHDWLQJ FRQFHSWV 5HSDLUV DQG IXO0 VRROH G WRKNHRUM IMQ P PWH PIOWW FIDEW\ DERXW WK
ULHG RXW LQ WKH FW@®SWHP$SKE®MJI DFFHVVLELIOL VB\UIRE X PWLRKWH | B FHOL RO \F DRSS BROHYV WR
ZD\V )RU LQVWDQFH D PHQX RI WKH DYDL®WEEORUBTFXLISPHAW SKIRGKIFMQRQ HTXLSPHQW XC
SUHSDUHG WR SURYLGH TXLFN LQVLJKW LQWRDW®EW \I IRAL O L WHLFHVHY Y GXW KHD U NRSW UL QWURG X F
DWLRQ 7KLV DOORZV FRPSDQLHV WR GLVFRWHUY D\@ \WHODHEHQIKSWUWRB\ FQG PDLQWDLQ PC
GR DW?3$&®OVHUV FDQ UHFHLYH WUDLQLQJ RUSKLQIH D QFD/6 KWMAVELEBRH QW WR SURGXFH WKH
WKH HTXLSPHQW LV WRR FRPSOH[ IRU XQDVUWIQMHG RSHUDWLRQ ‘XULQJ
WKH SURGXFWLRQ RI D SLORW UXQ IRU LQVWDQFH XVHUV FDQ UHFHLYH WUDLQ
LQJ WR HQVXUH WKDW SURSHUO\ TXDOLA4HG2®HU VRGO LD FKYLLH OHDE ® @ W KLHIO X V WAUIDW L Q J
DFWXDO VHULDO SURGXFWLRQ VWDUWYV DW WKH PXVMFRPHU ¥QWHHYHORSPHQW RI 3$/ 9 Wi
FDU SURGXFWLRQ PRGHO HTXLSSHG ZLWK
AFFORDABLE PROTOTYPES URWRU EODGHV 'HVLJQV IRU WKH FRPSRVL
7KH FHQWUH SDUWLFXODUO\ R+HUV EHQHSWR SIROOGDYVZHUMKENWHDRSHG DQG WHVWHC
UHTXLUHPHQW IRU PDMRU LQYHVWPHQWYV 7KK HAHADXQ WMHRA. QP DROUAIDV VEKWKQJ PHWKRG ZC
1/5 DQG XVH WKH HTXLSPHQW WRDZRWDNE RHE BAIKS & 0
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(TXLSPHQW IRU PDQXIDFWXULQJ FRPSRVLWH FRPSRQH

PREFORM CELL INDUCTION WELDING

7KLV FHOO FRPSULVHV RI 7KH FHOO ZLWK D .XND URERW LQGXFWLRQ
e =%QG FXWWLQJ PDFKLQH ZHOGLQJ HQG H*HFWRU LV XVHG WR GHY¥HORS I
« .XND URERW ZLWK HQG H*HFWRUV IRU SEANMHYGIB O DMNWKHWBRRSRDFVWLF VKHHWY DQG VW
* WULPPLQJ DQG WRRO KDQGOLQJ FDQ EH SRVLWLRQHG LQ WKH FHOO IRU SURFH)

e *OREDO YDFXXP SUHVV ZLWK LQIUD UHG KHDWLQJ
 $VVHPEO\ *XLGDQFH ODVHU YLVLRQ V\VWHP

RESIN TRANSFER MOULDING

7KH 570 VWDWLRQ FRQVLVWY RI D GHGLFDWHG -VRMHW LQMHFWLRQ V\VWHP
IRU RQH FRPSRQHQW UHVLQ V\VWHPV ZLWK ZDWHU KHDWHUV IRU UHVLQ
WDQN LOMHFWLRQ KRVHV DQG SURGXFW PRXOGV 7KH FORVLQJ RI WKH
PRXOGVY FDQ EH FRQWUROOHG E\ PXOWLSOH SUHVVHV 2QOLQH SURFHVYV
PRQLWRULQJ E\ GLJLWDO WZLQ

BRAIDING
7KH (XURFDUERQ RYHUEUDLGLQJ PDFKLQH FRQVLVWY RI WZR FRQFHQ
WULFDOO\ PRXQWHG EUDLGLQJ ULQJV ZLWK DQG FDUULHUV 7KH

WZR EUDLGLQJ ULQJV FDQ EH XVHG WR PDQXIDFWXUH SURGXFWV ZLWK D
EURDG UDQJH RI FURVV VHFWLRQV IURP EHORZ ° PP WR RYHU °

PP GHSHQGLQJ RQ WRZ VL]H 4EUH DQJOH DQG FRYHU IDFWRU
7KH PDFKLQH FDQ DOVR EH XVHG WR PDQXIDFWXUH WUL D[LDO EUDLGV



ROYAL NLR |COMPOSITES R&D

(TXLSPHQW IRU PDQXIDFWXULQJ FRPSRVLWH FRPSRQH

AUTOMATED FIBRE PLACEMENT MACHINE HEATED PRESSES

$ &RULROLY 4EUH SODFHPHQW PDFKLQH LW XR HKG DWRHGH S B I9\RBHWWIUKHF B XDDODEOH IRU SU

FRPSRQHQWYV LQ WKHUPRVHW DQG WKHUPRSK DWKHLFP REEBRWILWHWQ ®WKHUPRVHW PDWF

ZHOO GU\ 4EUH SUHIRUPV 7KH URERW EEWHIGQ ¥R DIOROH G/ LRD MKKLHQ UMW TXDUWHU R

FDSDEOH RI PDNLQJ FRPSRQHQWYV ZLWK C[FPPELDORV GRQ FZHWIKULQIUDUHG KHDWHUV DQG
P DQG D OHQJWK RI PLQ WKH KRULJRIWWDUWISRYGOH )RU SUR

FHVVLQJ WKHUPRSODVWLFV RU GU\ 4EUH¥KB P DN.:Q GFIX\DHUD FWMIBWLINQNMLEV RI WKH SUHVVHV

XVHG )RU SURFHVVLQJ WKHUPRVHW PDWHMULDQY]DXQQHYI UDUHG KHWDWHU NV

XVHG (DUO\ DQ 07255-6 4EUH SODFHPHQW NHDFWLQH [ZLOBGPEH N1

LOQVWDOOHG WR FRPSOHPHQW WKH $)3 IDFLODWIHMKQHU [ PP N1 RLO KHDWI
e 7THPSHUDWXUHV XS WR ré&

AUTOCLAVE

$Q DXWRFODYH LV DYDLODEOH HTXLSSHG IARGKCDRIMGRAWEWHG GDWD ORJJLQJ
RI WHPSHUDWXUHYV SUHVVXUHV DQG YDFXXPDUJH FXULQJ RYHQ LV DYDLODEOH IRU FXUL

« :RUNLQJ YROXPH P SURGXFWV

« +HDW RXWSXW  N: «+ —QWHUQDO VLIH [ [ P
« 7HPSHUDWXUH PD] r& « 7HPSHUDWXUH PD] r&
« 3UHVVXUH EDU

e OHGLXP $LU RU QLWURJHQ

VACUUM INFUSION

$ GHGLFDWHG -VRMHW PDFKLQH LV DYDLODEOH IRU YDFXXP LQIXVLRQ
/LNH WKH 570 PDFKLQH LW LV GHVLJQHG IRU SURFHVVLQJ RQH FRPSR
QHQW UHVLQV 7KH PD[LPXP UHVLQ FDSDFLW\ LV OLWUHV 7KH
PDFKLQH LV HTXLSSHG ZLWK DQ HOHFWULFDO KHDWLQJ VIVWHP ERWK IRU
WKH UHVLQ WDQN DQG WKH WRROLQJ
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(TXLSPHQW IRU DQDO\VLY DQG FKDUDFWHULVDWLRQ

RHEOMETER SUPPORTING SOFTWARE
:LWK WKH $QWRQ 3DDU UKHRPHWHU 0&5 -Q YXSFERWUWW \RP W\DKMK FRPSRVLWH PDQXIDFWXU
PHQWY FDQ EH FDUULHG RXW LQ WKH WHPSRHWXWXUHDSBQUIHRDRNLRQ& DMRH DYDLODEOH

r& -Q WKH RVFLOODWLRQ PRGHPPLWKVYSOSBWH$SODWH

FRVLWLHYVY EHWZHHQ N3D V DQG P3D Ve FROQ7EH &HDVXUHG 7KH
PD[LPXP KHDWLQJ UDWH LV r& PLQ e &$7)LEHU

e )J)LEHUVLP
DIFFERENTIAL SCANNING CALORIMETER (DSC) e (6- 3%0 &RPSRVLWHYV
7KH 'LVFRYHU\ '6& ZLWK DXWRVDPSOHUY I0OBR& IBWWQUVWY XBHDAQID Q
LV XVHG WR VWXG\ FXULQJ DJHLQJ PHOWLGEDAX\WWDOOLVDWLRQ DQG VSH
FL4F KHDW &S RI WKHUPRVHWY DQG WKHUWRRIRDNWLFYV DW WHPSHUD
WXUHV EHWZHHQ r& DQG r& ZLWK KHDWLQJ UDWHV XS WR
r& PLQ DQG FRROLQJ UDWHV XS WR MO DESTRERGG X B ID BPHGT IGAN&(NDI)

0'6& LV SRVVLEOH 7\SLFDO VDPSOH VL]H} L& VFPQ IDKEH O/HQ\VILWDYDWODEOH IRU 1RQ 'HV
LV %o : « 6FDQ ZLQGRZ RI [ [

p
-PPHUVLRQ DQG VTXLUWHU LQVSHFWLRQ PR

THERMOGRAVIMETRIC ANALYSIS (TGA) 7XUQ WDEOH IRU FLUFXODU FRPSRQHQWYV P

ORLVWXUH YRODWLOH

DQG UHVLQ FRQWHQMD QUIHQ P X\DX/HHIGF K RWKQ & MHK URXJK W UD Q\
3\ULV 7*$ IURP 7$ —QVWUXPHQWY DW WH P SHUDXDWDBHYHIRRPO\ r& XS
WR r& RQ WHVW VSHFLPHQV XS WR

© J / LOH DRIX @F MW QQ 3 UUD\ DYDLODEOH
UDWH LV  r& « &RPSOH[ VFDQ JHRPHWULHV JHQHUDWHG IUR
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ROYAL NLR |COMPOSITES R&D

Large scale additive manufacturing

7KH &($'6 H[WUXGHU LV XVHG WR ' SULQW VKRUW 4EHU UHLQIRUFHG
WKHUPRSODVWLF PDWHULDOV LQFOXGLQJ /03%(. 336 7KH VL]H RI
WKH H[WUXGHU DQG LWV PRXQW ZLWKLQ 1/5V URERW FHOO RSHQV WKH
SRVVLELOLW\ IRU ODUJH VL]H ' SULQWLQJ RI SDUWV XS WR PHWHUV LQ
OHQIJWK 7KH VA\VWHP LV HTXLSSHG ZLWK D QH[W JHQHUDWLRQ PRWRU RI
N: ZKLFK LQFUHDVHV PDQXIDFWXUDELOLW\ RI KLJKO\ YLVFRXV
FRPSRVLWH PDWHULDOV 7KH ODUJH VFDOH SULQWLQJ WHFKQRORJ\ LV
XVHG LQ DSSOLHG UHVHDUFK IRU DSSOLFDWLRQV VXFK DV KLJK
WHPSHUDWXUH WRROLQJ JULG VWL*HQHG VWUXFWXUHV RQ WRS RI
FRPSRVLWH ODPLQDWHYV .H\ EHQH4WV RI WKH WHFKQRORJ\ LQFOXGH LWV

GHVLIJQ IUHHGRP UHGXFHG OHDG WLPH DQG WKH SRVVLELOLW\ WR UHF\FOH
PDWHULDOV DQG UH XVH

7KH PDLQ FKDUDFWHULVWLFV RI WKH 6 H[WUXGHU DUH
OD[ PDWHULDO RXWSXW NJ K

0D[ PDWHULDO WHPSHUDWXUH r&
ORWRU SRZHU N:
1R]]JOH VLI]H PP

ODWHULDO IHHGVWRFN $XWRPDWLF KRSSHU ORDGHU ZLWK GU\HU



NLR in brief



ROYAL NLR |COMPOSITES R&D

About NLR

5R\DO 1IHWKHUODQGYV $HURVSDFH &HQWUH

1/5 LV D OHDGLQJ LQWHUQDWLRQDO UHVHDUFK FHQWUH IRU DHURVSDFH -WV PLVVLRC
H* HFWLYH DQG PRUH VXVWDLQDEOH %ROVWHUHG E\ LWV PXOWLGLVFLSOLQDU\ H[SHU
LOQQRYDWLYH DQG FRPSUHKHQVLYH VROXWLRQV WR WKH FRPSOH[ FKDOOHQJHV RI WKH D

1/5 V DFWLYLWLHV VSDQ WKH IXOO VSHFWUXP RI 56HVHDUFK 'HYHORSPHQW 7HVWLQJ (Y
DQG VWDWH RI WKH DUW IDFLOLWLHYV FRPSDQLHV WXUQ WR 1/5 IRU YDOLGDWLRQ YHUL
WXUQ WR 1/5 EHFDXVH RI LWV GHHS HQJDJHPHQW ZLWK WKH FKDOOHQJHV IDFLQJ RXU

UHVHDUFK DQG SUDFWLFDO DSSOLFDWLRQV ZKLOH ZRUNLQJ IRU ERWK JRYHUQPHQW DQ

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



1/5 HQMR\V ZRUNLQJ LQ D FKDOOHQJLQJ DQG IDVW FKDQJLQJ 4HOG RI UHVHDUEK
FOLHQWY $00 RI WKLY NQRZOHGJH EHQH4WV FRPSDQLHV WKDW DUH VXSSOLHU)\
%RHLQJ DQG 60(V OXFK RI WKH NQRZOHGJH RI WKHVH QHZ PDWHULDOV LV DOVR
DV WKH DXWRPRWLYH LQGXVWU\ WKH PDULWLPH VHFWRU DQG WKH LQIUDVWUXFW

WKH DHURVSDFH LQGXVWU\

JRU PRUH LQIRUPDWLRQ
Structure Technology department

S composites@nir.nl

NLR Amsterdam NLR Marknesse
$QWKRQ\ )RNNHUZHJ 9RRUVWHUZHJ LR
@%@
&0 $PVWHUGDP 35 ODUNQHVVH (X n 2F
'-'l_.’_.'ri'_!'!
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