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2021 MV ToNNA MPOY MNNANM (7H93NN7) 1D7Y2 OHVINT XM DT 3 XPDY NN PPN X MY P92
DOVNN OMIDON DINNIN ,NINK NMYNINI IINI ONX VYNY .NT NYT DY INDID TINY T ("MTD NPH”Y)
(70910 49917 N INAPNN MTN 1Y) 2021 1298 T 31 DPD DD NTINMPN NT2

NIPOY MNNONN INM NIAND MDY ~ PYYNRI PIN

NPOY MNNANN NN N92NN MP’YS .1
2021 "1 17 DA ONONN NNY DNN 2016 VOMIND 24 DY IRV NHYIN NTINNN NI2ND 1.1
2 PNY) AN YN TIY MY NOMA NP DY NDND INIVYRI NP9 NHaANN DO
PYND) 2021 MM 16 OYN NPOOWN NYTINM 2021 712 10 OPN NNOVYND PPYN 1 DY (7Ho93n”
NPYAN BNINN (VN NPY LM 32-5 HY TO NDXNN DO NNNONA L(7YPPYNn” TN

107122 9NN 1IN NI NN 2021 %13 21 2 LMy nvn 2,751,505

TYPHN IO DDA NDITN YR DY MM IPNNI NPDIY NI2NND ,MTN TN NTOINN TINN 1.2
L1090 NON MOATHNI WIDIYD

OV OMINPNN WD YPI DY 7O ARD NIV NNNN NNDNI NNHN NIND NNPIN NIIND 1.3
DM YTAD PANI 119NN NPPDNT VNVPIT HYA NIN NI 7T PR INRIT V77T ,N72NN TOMND
QCL D1 011 MNA2 POIY,0PVIIN YIVPIRN D229 NN’ NOWYNI MY 20-D NOYND DY
22012 THWN T NYN NDHTN I MNDINOVN NMINHAY 2006 NIVNH

P00 MPIN (N) :DMIPYY PV NN MY 5D MDD PPODDIN NS Y ,NTH TVIND 1.4
TI¥» MITO DY N (2) ; (NYYNY MMITNY 29ONR) MDITI NN ONITO dNMOYYN NN MYHWNN
MNYO NIN D) PONNN TN NONN MOITN PIV .THD NYN NOSTN DIDID DY MVIWIA 1N NNLP
(2)-1 ; DIXTN MNP 15IXY DIVV MIAR/DDTIN DY TIMD NON MOATN (K) : OMIPYY PV ONN
.DONMYYN DIIND THM NONA NOTN

5¢ NPTN ,NINT DY 2. 0NMWYN D789 T NYN NOATNY NPNDNIV 100N MNMP ,MTN TV 1.5
,11DI2) NPT MNMOPN MLV PPVDYAL NMVYYNN NN PIVD 7110 NON NDHTNI NN NN
PNNA NN ; NMIA NOITN MDY ; BIHN YIMIN JY MM NMDY )N DION 90N IIND NN
P3IN) XNMYYNN PIVN XII8D 1T NN NN DPRY DXIININN DY DMON DIV DININ DY O

ATy "Man
D>19°219Y 197N NON NDATNY DTPNNN NDITNN YR MINON POND NNNN NIANNY MINDNOVN 1.6
UNI DY DMIOMINN PIVN PNOND MIYN NNY NMINN ,NNINNI MMIN NNOYND 9931 ,0M”0VDD
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INT NPAINN MNNN MTIN DN DX0IAY .7IONM TIT Y NN NIV 999 IMITHIND ,PPWnn .2021-01-102183 11 2021 111 16
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Selective Laser) SLS nvowa 191 nHNn NOSTH NN YN 130NN NIINN DY NNIND Y19 DO TN
D10 NYN DXOVPMIIN NPYY MY 1IP MYSNNA PPOOYH NPAX NOMN NNNON ,(Sintering
DYININ DRV D) 757N MYHNwN SLS-N 0NN 015 mMn»pn NPNNIVN .NIAOYW INK NADY
DYINNND DPRY DMISIN MNP PPVOYIN MPIAN KW THPMDN NONND DIWITIN NYYAN YYD
NOATNN YR .MM NOITH MY TINI 22N PN NINRD IPOYA PRMVYNN PN M1
(Quantum Cascade laser) QCL »nD1n 910 ©D12n 1PN NI2NN NNNN INMN NDYTNN YTINMN
1NN AON P OV DN IOIN NN DIRNNY ,NNOSNA MIION 90X INRD [ IYIND PN
TPMDN NONN PYND T2 WIDY NYY) DN DODHN M1NMIN DY MXNIND DYDY YD 1IDIVNIN
TIIND WY NYYI 12 XVDINNIN 1IN D2 NINYY DINNN DY DMIDNN DONINAN NN 1OUNY
01172192 11 NYN NEATN2 QCL MNON MY NNV YINIWN DY DIV VIV NIAND ,NYTH
.D»VYYY

TR NONN NDATN OINND NIAND DY NI M9 MNYNIVN DY DMIPIYN DX DIIIWVN 1.7
NOATN DY DIWANN MDY - MIP) PIYINN NOITHN MY NNNIN (X) : YIPOTI , 0N NINOYYNN
¥ N9 IMNA 1: 10 TY DY ON2 (NINMNI NONY NPIdNN D1 ,NNPM DTN N DD, 7900 NoN
DY DPMYNYN DITID NWY NT DN TUND DIV DD NINMPN MIPININ T901 NON MDITH NMYY
MOoYN NNNON .(NDTNN NIV DT 19 DY ¥aAPI NXMT N) NOITNN DY NIMN N DY NYTIN
P20099N NP NNDN DI TR NON NOTN DY NIDIHIN NIRN NTIPI NN DTHND TIWINN NN
PN NN () ;97 10 99 5T TY T3 NHNI MDITN DY OINMYYNT NE1N N NN DTN 7o)
TPMON NOATN PADY VPN DY NPIMYYN NMIDITN YT DY DIINN) XD DPNIY PYY DXIMN
LDOWTN PIY ONYHL DI DIDIVMD PIYN NN NN NIRSINNYO

DXADNN DXIWO NNOMD NNNA NIAND NTPHNN ,NNNND NPN NN NNNPN Oy 1.8
.QCL M1 7Y DDA NOITN YR MYNNNI THM NONA NOITH NONINDV HW DOYH D ININHDN
NOSTH NIAND NNMS ,2018 NN YTIN NNITIN NNINN NYNIAY NNININ NN NINDNI
92NN NMTN IMYSNNI VRN 1.0 DY Poona 712 QCL 71D Hya NUITH WXI DY MNTIYN
MONA (7970 NON NOITND INPA \INN PVOINNINN O2HN IN) PA12-12 0N DPON NOITN
702 NYPYN MYSNNI DT TY> DOVIN NIINN .PIVIA NNYP NDSTN HIN NPMYNRYN NMI) NOSTH
50% NN (ARD NV PND) NYANN MOMY DYV AND NIVN NVAPNNY NPV PN 2.5
3.AND NIV IPINY NIINN NN

NNAY NIPN INITVNY MY NNIOMN VPIIY NIINN NYND,2020 NN TY 2018 11N HNN ,NIN ADVA 1.9
YVNN FYNNNI MY 22XD7 2 112N NMYN DIV NINIPN YIIN 12 D22APN NOOTN UK DTN
9915 XPNI NMIVTNN MY ARD NIV YT DY IMIN NNOXNA O1PNONY DT VPN .PION NYTHIND
NI NN DY NN 119 NOATNN YR ND> NN NIAND NNIDTN I1IONN NIY P 3.165 DV

MY MIND ,NNINND NNDNI .NIINT NYPYN TN MIYTNN MWD IND NIV NYNINY NNNN 1IN NIIDNI NYNI NYpwnn 3
MPINN DNTNN NN PINN DD AN NIYTNN MYIY dYNY NAMNNN NN (7PWNN) NYPYNN D201 85% NNwTNn
Y P95 12.3 9y02 1PNY INT DD DXVIAY NPTPNY
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DMMYUN NON MNON Dya o) PALL-Y (0w ©9min) PEBA , TPU nnyyt 0mn by any
YTV NN 2NN NN ,NHANN DY IMNPY M9 TPNDNIVN DY NNONONN NNDIN NNDSH NIND
NN NNMOLPLIIIN DY DMINDH NDITN FYNRI DY DI P MNP (K) : DININ NN IPNNN
-2) 9N M2 PODNA 1Y 22257 MM (2) ; DININ DYIIN DY MDITN )IND NN 92 MY T
Y105 LN DMNNNT DMV D) MININ 2-1 DMV 4 HDN NMION URI MNP (3) ;93 MNIN 2
YAPN NDTN YR HYW VADNP MM (1) ; (NDSTNN NPNNY PODN NI2IND) NNNX DTNN NN
; PYNNNND VAT TPON NOITHN 9 DY 1N2aYN NIINNA NMIDN OUNI DY YT 1901 DD )15 9N
N DY 1IOHN NIMIPNX DY NDHTNN YIMN DY THIHVIMT NHNRNND NIDIN DIMIN DITIN MNdO ()
DIV AN NOATH MNX ()) ;TN MMINN DI NITYA 1T T PON DY NPMITN NOITN IWIND
D71 300X300 9712 YDOPN NOOTN NVLWN N NOTNN YN NNXTND WHYNY NYTN NdPNTIYN
VDA 17-5 0 570 99N VPN DSPN ,NYTN TINY .AWITH DYTN XIPN NIIND NOIYN)
PN 11DPWa DMV DIWPWYN NXIAP T DY INDNNA 1D NI 2020 212 5NN VPIIION .N'Y
DYON TN ,NNDXNI MNPIN YT NTNYD 951 ,NI12NN NIIWNY .NNYTNN MYIN Hapnny
22022 7YY MY RSN NN VPN DY WD

TPNNOLIN H9ON 971N ADVWD NAYD NIANN NMND D3N 9NN YTY DY INDSNA DNNOYND a2
YNIY NIVNA D121 OMNINDII MDATN NN’ 90N DY MODATH DY NMINDA 19 NDITNN YR DY
.D»INDN DXV DNY

NPIIN VDY DY (INDHD VIVND) MHNIV 97NV DODN DYDY DY NNNN NIAND ,NYTH TYIND
JON DOVPNIS NN MYITIN MNRNND 12INN NTIAY NN NONT MM 700 NHN MOITN
1 PNY VNOND

N2Wo MY DOVNA NH2AND NIVPNN 2021 92087 w1INa : VoxelSint n1an oy 05vn (1)
TN NON MO DY vV N¥Ma npown ,m»on VoxelSint n7an oy ononov
MLVPYY NENN) SLS mDNILI HRMdYYM MINDN YIDYO MNTPNN NPLOYNHNIN
DIX919) DMNVNVIN MYNNINI NN TNV (VMOD1IN 593985 1 19N) (11D MYNNNI
MY 050N 9 Yy .(private label) »079 3NN ININ DN YN, NN 27NN OPDIPH
DITPNN 1Y NON NDITHNI MYITN MNNNNN IR Y¥IN MOITHN NN [ NNYIN
NYNLN IVAND NIVNI ,NIAND DY MNPAN INY NPNIND OXNNA (PLS400X DX 1) NN INN
NOOMRN :PNY) NNND NOATNA NN DY DM’ M9 NYTINN NOSTIN UK DY
19IND ,DYTTNN DY NN PNIP NMDT DV NPTID DY NXTTN NNIY D910 00NN .(7H9399090
DXMMAI MY ,NNN’ 9 NDATNN YRIL NIIND DY APTYIIN 7PNMODT MINWNY
I HY PNIMDT NIINWN | TPRNDY NMINDON DY THNNI NDITNIN YR HY DIVTH DI
NP NIIND D ,050N2 YAP) TY .NMIPDNN NOITHN NMN’AD DI WHYND DXT2 MOTHN
NMNN NOATHN DY NOYINN MM 1YW DRI MIPDNIN NDITHN NN NN ¥IDID MDD
NN TINDN)N NOTHN MM NNDNI NOWAN NIV SMNN NI 1IN YT DY TINNN DD
MMYNIN NNRNNN DIOYN A0W NNHWND 91952 .2022 MY DY TUXRIN )PNNN TONN2 D>PNND
172NN DY MM 9 NOATNN YR DY NYNLNN 2DY ,MDITHN NN OT DY YyNINOY
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ORIV NIINN Y TIVNL YNNI NMIPDNN NOTNI
2NN XY MNIAN IO MOSTHN NN PAY 172NN P2 ONNI ,2021 930872 17 DY ,90M
DY NNYSN2 INNOYNY 91952, NNANN 1I1NY DXNNA NN PINY 18 DIDNY DY NNNNN
,TOITOYYN/NINDNI NPYND NOSTH T NN’ NNIDNN NOITIN DY GMYNN NMNdan 15w
9510 NN HY DDINN DN 1N YINDN DIDN NHDINND IV )X DIV DY DITTNN 1Dy
MOLOONNIN T NON NDSTH HY NNNM PINYN NXMN AN PTONY INIVHY ,NNAND
MY NNOYND 91952 %D ,050)N NNIAND 99122 ,970 P2 .NMINTPHNN MDD NOYA MINDN
PN MDD NNV NIIND ,DXTTNN P2 YINDN OO0 NDPNNDY NNDNNA NNPONN NOSTHN
SV GMWNN NMINdAN Y19 NMINDNN NOITHN DY NSONM PINYN NPIDT NN MOITHN NNINY
,UNN NI2NNY DY IR/ DINN DY NDSTHN NN NNSYA DXAPNI PNYY MDD D) DI TTNN
NOYNY.ONNMY D55 ,20NNM VNNN DN WIAPIY DPINDHN DMNINY 919921 OXRNNI
DNNAN 1T NOOTH IWARN ,NNIPONN NOSTHN DY DM NNOSNI DOVPY 535 ,N7aNN
SV MDY L(NYIZY 19 TY) DMVLDINNIN DXININ DY 117D NONA NOSTNN NN DY dPMYHYN
D) (NVDY Y9 TY) PIYA MDD MIAPNN MDTND INNYNA NOITH NN MIPIN
NN IWINIY 19INI L (NIYY 29 TY) DD NOIPNN MDMND NNNVNL NDTNN MDN DY NV

4.0»VDYY 1NIN O 1NN DY AN PN OY NPNMWYN NNI2
125 N72NN PAININDV NOIWD NMY DIDN ONNI 2022 INM292 1 02 : EOS nHan by 0500 (2)
YW D2V NDYTIN NI THM NONN MOVITH PV NY¥M0 NAVMN ,NM1NNN EOS NHan
MOTN DY NNPNN 99N NYNI N TYVW ,DMVDDS DM NPNMWYN THD NYN MUITH
SV (NYNVN) MNNLIN YNID NIVNI NYIVY DN IONY DITTIN I ,¥aAP) DIDNA .NANININND
NOSTHN ONINA NN PNNAD NN DY EOS DY 71070 NON NOITNA NIANN DY NYTNN NOTNN UKD
VOINN TONN2 DINNND NAN TPNNOLINRND TONN .TPNMYYN NDTN DY N0 NIANVNN
DY NNYNNA DNNOVNY 9195275 ,000N2 ¥2P) 19 IWN J1PXN DMNODNDY 2022 MY DY NYNRIN
1NN XY DN DMPY DITTEN NIND,NIANIVNN NDITHN MWD NN TPXNOVIND TONN
251V N2 NPIOYYN TR NON MDATH AN PINY) NN MINDN DIDNI IWPNNY NIVNI

% 59101 919N YW N¥AN NI D) wHWN EOS INNDNIWY ,N7ANN YYW NN 319 NDSTIN WX
YN DY NYNLNN 2D NIV MYITIN MNXNNN NN 25V NN VNN DXTINN ,NYTN TYINID
.EOS S¥ 1On»wyn 1m0 NYN NOSTNIA NIINN DY NOTIN
72NN P2ONONOV NI NNOPY DIDN ONNI 2022 XI1N2 23 0»1a: 3D Systems NN 0y 050N (3)
M>2>211N NI NNNRD NIVNIN TPRPIINX 7PN 172N ,3D Systems Inc. n7an ad>

.TI9NN TIT DY NNIA NI ,(2021-01-181521 ;DN NNINON) 2021 9129872 19 OPN NI2NN DY 3TN MPT INT , D901 DIVI1Y 4
NN TIT DY NN N2 ,(2021-01-014167 : 'O RNDNON) 2022 INIIA92 2 D1 NIANT DY >IN NNDT IRT DD DOV 5



790NN :19NY) VI NPNMVYN THMI NON MOATN DY 5552 THMI NON MDATH DY ODwa
VIYMH VPIIA YIS NTVNA NI DI VN DTN I,y 050N &.(73D Systems”” -y
3D 5w 10mn NON NOATN NIANN DY NIVTNN NOITNN WX DY (NYNVN) MNNOVLIN H51ON
VPN TPNMYYN NDATN DY 12202 NAJWNT NDITHN SN NN PN TN DY Systems
NNYNNA DNNOYNY 9952 7D ,050N2 YaPI 1D .2022 MV TN YNINND PIIND MSNOIND
NN DPPA DYPH OXTIND NNND ,NADIVNN NOITHN MINT NN TPNNVIND TYNN DY
NOATHN NX NINM PNYN ,I8»N 3D Systems 195 »INDN DIDNA IWPNNY NIV N
.N2NN HY NNINYS Y19 NDSTNN YN DY DDANOY D I8N NIADWNN
VIDWD 92y MADN 11770 NON MDATH NI TWYD P DY DOWINI NXRYN) NIAND ,MTH TYIND  1.13
.22Y9 VNN ,D2HIDN NN POIYY
DMV DXNDN MM M9 NUITN YUNI NN 7 OEM m»)v vora Tiayy nnonn nhann 1.14
,DSTNN YN NN YW Non Mado ,SLS nmbnova ppuodab 1mm ndn mvsTn NI
NNAY MIVIND NN NNNYD NI NN .TPYND DNV TIIND 1O JNN) NOXN YPON NYON
NYIN HY MINTIN NY NN DN TWNR ,DMMDN DXYPIVIN DIPNYD NPY MM HY MIVIVON
91951 NXY, Voxelsint n1an HY NoaTNN NNDVYS HY NODINN NOWHN NPINDHD NDSTH DY PV
INDN 050N Yy MPNNYY Voxelsint Y¥ NOaTHI NNYXNA NIINN DY NOSTNN WNRI NYNLNY
2OM0 VNN ,OYTTNN P2 2NN
,PP00995 NPNMYYN 11D NON MOTND NOTNN YWRI DINN DY TN NONN WD NHaNn N 1.15
NOSTNN M MW DYIYA DX921DN DNINN HY NPTDNYNI NINMPN NIDITHI MIAYNYN TIN
NIYNNNI,NIIND NANIY G0N .DINMP DIPNYA DOPMYHYN DT OITOL INININD MDITHN YV
TINOY DXWTN DWW THM NON NUITNA YINOWN NANINY NXAND NN 19 dINONOVN
NTNOV NN I0IN HYWA DYNIAY WP DOP NN
YU MNYaN AV YV NNYYNA INNTVUNY ¥INA Nt 9993 5095 N9aNN MNINY MIIYH NN
M990 NYN MUY ARNYNA I NN HY XM NOMNINT ¥ NNMNDNN NOITNHN
YNI NYNLN ADY HY NNDSNA INYYNY YN ;INNRI BYYY MDY Y93 BN ,MIapn
NIONT ¥33) ;3D Systems N/ EOS YY n1n»wyn 100 non muaTna N9ann Yy NoaTnn
2% 793nn 122 I8/ EOS 225 719300 122 18/ VoxelSint 1235 19307 122 29900 900N 0591 Yy
STNY 99 NY YT NI9NA2 11 ;291,19 ONI INNNMY MNT PR AT MT T¥ndv 3D Systems
MIIYN Iy DDIANN (7Y T PINY 119N1Y) 1968-N79WN ¥ M%) PINA NT NN NN
1IN ONTY 1IN ,9992 ON ,OMUNIND TN TUN DONY DIMIPN) MMNNIND 9373 N9aNN
9910 NNY 1DIND WNNNAY IN ,IPIN IN 191D ,Unnnnd XOY mMYY AR MO9YN .AnNvIYYa
AVN MYNNND IN/ 193NN NVIYYWA DN TUN DIV 01D INSINI ,N93NN P HY TIMNY
A9NY Nt P93 29 P00 09910 PIYON NN

79NN TIT 9Y DN XN ,(2022-01-033379 : /D0 RNDNOKN) 2022 XN 23 OPH 172NN HYW O TI0 MPT IR D900 DXvab ©
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,20¥2 VNN NN IPNN MDY PIDYDY TYNND RIN NIINT DY NVIVONN TN ,NITN TNIND
,D»VDYA DAY NPNOYYN THMI NON MOITAD TN MY DDIAN YNMYYN NDTN YN DY
LDOIMYYN DIXD T NYNI MDITHN DINNA NIAND NNMIY PIVN D98 DY N NIVN2
19 NDSTNN YN NPNDNOV MNNDI 17 NI2NN DY GO0 TV ,NNDSNA 97191 20Y NNOWND 192
MOSTHN NN DY NYDAY MNOP TN NON MDITHY DOPYNNI NI MYSNNI DM
PNY IR NI2NN DY DPPOYN NMIVIVONRM DXTYN MITIR DD DXV INDIVN PV DID¥2INN
oY N3 P92 12.4.3 PYDY 27 PYD

NYTNN NDITNN YR NPNINOV DY ONMWYN/SINDNN DIVHN MNP NNOWN ,NI1IND NOIYNY
92y191 HYWA PPVYLADY TN NYNA XNMWYNN NDSTNN PIV DY NSNID NNYNIN TYIND NN M9
YYYN XD N N TYY 2N DIV NNND DT DIV DY NN 1O 9NN MDIT) MITO2 N8N
DY MNMPN TR NHNA NDSTNN NPNTNIV NMIYSNHNI

APNND VPN DY IWIVNN OPDN TN Y12 HI¥Y 0IVINN DNTPIND MINNN ,MI9YNN Yo
3932 IN/) D9AND PN DNYIN IN/A DY DIVNINN DITYINN APNR HY NNHENA IMYD MMM
Y¥ 193NN HY NDITNN YR NMNTNOV HY INIYEN/SINDNN DIYHN MNON NNV Maduny
239 DIDINN DIITMINY NN ,MDIYN DN ,IMYYI 19990 NYN INPVYYN/SINDNN NDITHN PIY
DNY MNNNINN 9372 NIANN MIIPN Y DIODIANN ¥ MI PINA DNITIND Ny
IN/Y NDIYN .N9ANN HY NNVLITYWA 1IN INTH 1IN 5992 DN, DMUNIND 19N TUNR 091Ny
ANSIND ,TINNVY 2991 NIV 1IN YNRNNNY IN ,JPINI IN 191D, UNNNNY NOY MNYY 1IN Mthn
1992900 MMIYN AN IR/ PIYN 27192 NTNIY IN IN/ NIND 7Y NNY IN 019392, 099V OMINN
S NYTY 29 P90 DIVNN 1IDTN MNINN NN MYNNNN IN/ VINTH

MTH 13IMY MPINNN NN

MYP MIIN I NN MIANI NPRNN NN NIANA ,MTH TS
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TY PPODYY YV NNDIIM CNC-N NIIWN 1 NVIWA .(Computer Numerical Control) CNC DYDID
UPIANN AN DYDY

SOOI 1IN DY T NONA NOATN NN ,NIAND DY MDD PVINDIN ,NADN NI NV 3.4

ANPA YT MONY 2020 MV IDYT TINIDIMD 579- DY THY MINYN NPPVLOIIN N DY OV IdIPIN 3.5
PV MY SmarTech N72N >T> DY 1NONOY OMNMIN .2020-2027 DNVN P2 3.2% HW ONIV D1
TN 11.7 DY 2020 MIWA THY (MI19INY D000 DXIXIN HD15N) PPV 1D NYNN NMDSTN
40 D5NN) 2030 NIV 9T TINDMD 55-59) 2024 MIVA AT TINODND 24-00 ¥)INY NN AT
NNYAY AXP DNXMNHNL(DNXND NUWNRYNN NININD INYM DXIINN DN MNYA AT TINDMN
14 2020-2030 ©HWN 1 16.7% S XMV

MAN/DYTIN DY NDOTN (N) : DMIPOY PIY ONN MNVD NIN O) PYNNN THM NONN MOTH P 3.6
1T NDOTNA ONMVYYN 19NN IS NXMN 5TINY 7252 NNXTH MNJD 1IN NYNRYNY DIV
DV 20N PHINM NOATNN NN .DXIMIN DY NI PN NN OXINP NN NNT DY WXT 1NN
0D PIPYY DYXTYPN DPRY TAY2 DODTINT VTN OV N1O1) MOTYA DN OOTINN PYNN
NOSTNY MOSTH DY PIwN DT .Reprap-) Stratasys MIaNN 10 N3 Piva DN DNPNYN

YOI PIWA DR NYTN TNY InmY Prawa 9977 199 2.7-51 2021 MIva T DTN
T OIMIVN DYTNHN,TAD) DTPNN DN 2DV NN DT PIY ,NINT DY THY .70 NN NDSTNA
DN Y 2N NN TN NYITI N NDN NOTN .DNMYYN DINY DTN () .o
L9012 (MPIPIYVAN MNDN) DITIND PYNN 22I1WN 1259101 ININD DIWITIV D)DN DIWINIIL TINYD)
DNNYN2 MOYN NPNAN SMIND NPNY YITY TN NONA NDSTN MYSNNI SNOWYNN NNON
1N DY PIVA DIDYINN DIPNYN NN NP NPNIANDY PIYI MNP NPNINN NNON NAMIDYD
=51 2021 MY TN TPNMYYN NOITND MOTN DY PIvn DT .HP-) 3D Systems ,EOQS mM12ann
MOATN 599 .20%-13 NYYNY H¥ STIY HIT) PXM INNNNA KX 1t P 8. mwa a7 a1
DMIN,NPYIIP ,NONN D) ,PPODYAY VI ,0°99191 B YININ KV NI NN NMINMP THM NON
ST DYNOPA
NPN PPOOYIL HNMYYNN NN PIYD T NON NDATNA NN NNDN DY NPTN ,MTH TVID 3.7

Vhttps: /www.globenewswire.com/news-release/2020/03/02/1993819/0/en/SmarTech-Issues-New-Report-That-Projects-
Polymer-3D-Printing-to-Generate-11-7-billion-in-2020.html

15 SmarTech Publishing, Additive manufacturing with polymers and plastics — 2018

16 SmarTech Publishing, Additive manufacturing with polymers and plastics — 2018
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17 https://www.xometry.com/blog/3d-printing-vs-injection-molding-breakeven
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.SmarTech IPNNN NN NN 29 DY 2027 NIV 27NIN AT D 954-3 DY) 2021 MV 27NN
NOMY NPTIY MOITHI TNY NYY MAIPN DN PINNND 1NN I NN ,NIINN NP
NPNTNOV S 1NN NN TTIVN 1T NN, DNNNA .0MWN DIDIW1N DY DPYONIDN DIDIND MIvN
NN YY TN NYNN MOATNA JNDPY TNXD ;NN NNNANY TINDNIVN NONT ,MNY NOITN
.DYIXINN NN IIMVNN MIVND NND
— 199 nYn NvatnY oxmn 1990 — DFAM — Design For Additive Manufacturing 3.11
20099 I YNONY 291 (AVNN NITYD NN NION) 1H723N Y95 NN IINTNOVN MNTPNNN
2¥N NINIM T NYNN MOATH DY NOATIN MNP NINN NHONRND TN ,ONY» DIV
PPV NI NPY DWY TN NONA NDSTNA YINOWIA DYDY D111 10X DD DIWNNWNN
NYN2 021 MDY PINY TN DD DXTMD MNIN YOTIND NN AN DN DXVIV ,00P

23 1pHIPYIANP PPODYH NPT NPNIVIV MYVNNI I¥MY 1) NI TN
D9 NNNONA PTHY NN HY NVIYA PPODIIN MMNDYA NIDN DN, TVANND OXNIND NIONN
MNMPN NNINA ADNVN NT NN PPV HY DINRDN ND DDON DY THOWI M) PPVDIIN NN
.PY0DY92 YINOWN NN TPNAND NANIVN TNV

NIYIVI DOMYNYN DOWIDWH NN THINRDIWN INNPN NN — APOUNN NIVIVYA DIYP 3.12
D»YPY 0D NPIONT NIYIYI DIVNDWN .299NY NIINN DMIXIN NPADN DY WITL NPIDRN

18 https://amfg.ai/2020/07/27/application-spotlight-3d-printing-for-aircraft-cabins/

19 https: //www. 3dnatives.com/en/porsche-3d-printing-200220184/

20 https://freshdesk.com/general/product-customization-for-customer-satisfaction-blog/

21 https://www.jumpstartmag.com/why-product-customization-is-important-for-your-company/

22 pluleadz.com/blog/the-power-of-customization-giving-the-customer-exactly-what-they-want

Bhttps: //3dprintingindustry.com/news/80-additive-manufacturing-experts-predict-the-3d-printing-trends-to-watch-in-
2020-167177/
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MYNM

PP000 MPIN DNY MIVY NI AN VINIYW NYIY NPPODYIN PIV — NNV MIVINA TN8H  3.13
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;193NN HY D2501795290 DTNINY MDIYN DY 197582 DOANMD ,NTINYN IN/) HNPN NIINN MY
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24 https: //Www.nature.comvarticles/s41578-020-00234-3

Bhttps: //www.tctmagazine.comvadditive-manufacturing-3d-printing-news/live-blog-how-the-3d-printing-industry-
fighting-covid-19/

% https: //www.washingtonpost.com/us-policy/2021/02/17/democrats-biden-recovery-package,

27 https: //www.economist.com/finance-and-economics/2020/04/16/how-deep-will-downturns-in-rich-countries-be
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PONNIN XN MTHYI PIIN NIPNAND) TN D7) DION DN IDYI DIPINNDITH @
(097NN

NYA MY DYDTIN DMWY MODITN MDY NMIYN NND PIINND NIINN NNNN ININ NDITNN WR) 4.5
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NOYNN PIVI NINVIDNL YRV DIMYP DXIDIN ,consumer goods - PIVD DIV DININ -
(273

12 VIDIWN DY NYOYNN DNINIVIY ,IINN DY NIWTNN NDSTNN YR DY ININD NNOVNY 91951 4.6
T NYNANOITNN VNN DY DTN ,INNIRI D91 MY 1N NOYYND NPPVOYAN NN PV DY
SV 9PXNa THN NYNA DPNMWYYN NDITH TIOMY 19INI DIVNN NIWYA PPODDY »8n Hv
YN, MINAN T MV MINON NNOVNY 1992 ,90N1 .1PYI5D NINTIY DXPON 2ON MIvY
NYN NDATNY D7 DINMIYM) DOWTN DIPNY NNPND TWIRD MY NIANN NNNINY NOITHN
DYTT2 DIMINN NDHTNY DIWNYNN DMVDYS-ININN DXINND NI NIANTINN NINNIND T
MYYND PPODYIN MPINN PV VIDOY NYY) DN DININN NYP DY D»d

SY TIYN YY NDDANN NHANND NNNO NMN TPNINOVN ,O0PD MNMPN NPNTNIVIN NNV 4.7
D)1 Y9N NINNN TIN XMYHWYN 19IND TN NN NN MWD ¥HND DMIWINDN D7D
ND9TNN OINNA DD NYIMPN ITIN NPNTNIV DTN IDINN DY NYHID YIDVNIN 19INI
MDD TIIND NN NPIP N DD GMYNNY ,DNY G710 I8 DY MODIN THM NoNa
oY NYIY WAVN 7o S¥Y PPUDYY DY NDNNY TIDNVIN DIRNND IRY MPYD M) HNDA
SV DMITON NMNDNOVD NOTIN NPNVY I NNRND .NDITNN ININ DY 0MIDNN DIYINIIN
NN INMN NOHTNN YR DY DOTINMN DMIDNN DWNINAY NITOINN NN NN ,NH2NN
DVNION YO NYY DTN NIAND NNNON INMIN NDHTNN YN DY DMNNIN .NH12NN
MOINND NTNY,PHIN NOIT) VINNN IXIIN DY D»IDNN DIINIIN HY DIWIVNN DIIVNN
DOVINIAL IPYN 1N NN DY NNINDA Y19 PNIDIDVN DY ITII0N PNINN DIIN (MY 19D
NN MNMPN NPNONOVN DY NIYTHN NYIND ,NYTN TYIND .NDITNN MNP D2 (MANIVIVN)
TONNA MIYO NNX MDD NDNY N DUYIND MYHIYHD .MIAOVUN NPID THINNDN N2
,NYTI TYINGD 9NN PONN IN AN DY DXL N9IN NTIPI NN 1T 210 1N NONNN
YN DYINIAN PAD NOITNN NN DOYINIIAN P2 DN ,MVITIVD THM NON NDOTNA
SV PVINDN 79 WoN MADWN PA RN PYIND ,IMDD) 1:7 DW ONdD WD 513 N5V AN
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NNOVND 919531V ,NI2NN DY NDSTIN YR NMNINDV N2Y DIPDVPION T IPNY DINNN WN DOPNVY
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2 09NN BNV MPI¥ON OIND NI
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SLA 05 7 5N N0aTIY ML PN Y910 IOWYNN TR0 NYNN MOUSTH P
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VINIYIA NRNNMIN INVA NPINNN NINDNN NOSTNIN NVOY (Stereolitography) SLA-N nuowa
DTINN NND NVYNA PXINY TNNN MPINVIY DTN VIDOYW NUYI ,MNTPINN 90-N NNIVN
VAT TNIND MYAVINT, MYIN NN MNON DY TN DN DOV DY) TIND PMYTN DAPNNN

SINY OIN,NMIND ,)ND N0 ONINND

VINOW YY) ,INMa NIan Noatnn nvew (Fused Deposition Modeling) FDM-n nvowa
NN NADY PPVDLIN VIN MYNNNI PN ,OMIND NPITN YK TIT TN PPV VINA
LDYTNY 1M DNMYSNNIY DIMIND IND NN MO DN NVIVN DY PNININY .NAOY
.MAOVN P2 NN TN A0 PHIN OHYA DY DYIAPNNN DININD N DLW D) ,NNT DY

PVIN NDITN MPNNY NI IV DD DD MNION

DYINK) MO RN PPVDY NPAR YW DN Y8INN (Selective Laser Sintering) SLS-n nvowa
1LY .N29V INN NIV NN AN IR NOVVIVNT MY P MYNNNA NDNN 1919 INNDI
N D20 ININY MOLIVYNN TN 21V 1)) PHIN DY YTHN VDY DN OXPON IPY NI N

L0229 09X YT HY NP NY NVIVI NUNPWYN

919 5.9 PYD N MNWN NDTIN MOVOY P IRNY DD DIV

0V9991190 029299 SLS-H HVIYA 1139 NN MYTNH IV

,PIY ON09 19010 PONNN DMVOINNIN O>ININD SLS-N NVOWA 171 NONI MOITHN PV
57n ,Smartech Publishing »1> Sy 7w pv Apnn 9 Sy .M5PR DN [, PNN DTN
VA 2NIN INT TINDIM 3.7-5 5y Ty 2020 MIYD 1123 PrOOYAT NYNMYYN MOATN DY PIwn
TINN 22024 MV TY NIV 27NIX VT TINDD 7.4-55 ¥IND) 19% DY NIV A¥PA DITH0 NN
2020 MW 27NN YT PO 700-5 SLS n0owa 190m NONN MOTH P MPN 07N PN
MOYN 25% TY 20%-2 DINNN NOITNN PWYND .2024 MY TY 19T TINDM 1.7-59 D1THD MaN NI
NVOYA T NON MOATNID IV NODHTN YUK DY PIYN DT XD NIIYN NIAND 1I2) NOITHN
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TOM-NON MOATH DY INT PN PPVOYAY TN NN MOTIN PV OOP  ,MTN TVIND
MY NDTN NPPNN) ONY DIPNY DY D) MIDIN ,MNY NPIPIIAND MNKMIND

TENONOV THM NON MOATH MY PV IR NIAND NIV 12 MYNRIN PIVD DOV VNAND
NYNN PIVN (NDITHN YRD) NPIXIN NN NDNY NI2ND NIMND ONY (11D MY¥NINI NONN) SLS
P09 YPHN N1 TNY VW JNY , 00V DPNVYA NPIOYYNN MIINN PV XN NI2ND DY
DMIND L (NNITIIMNIDT TN DIX NN NN NN NI NI NONT) INMOVYN WIDIWD
Moy Sy MPY NWAVYNN) NOITNN MPNNY NYPN D2 DMV DXIIN NYNN PIva DN
D)1 OWNNIAN ,PIP) NDTNN MDMND 121 NOATNN YN DTN, NDTNN NMIONIY (NDITH

(27815 MOINNN 7NN NN ,PIN DONT PHNN SV

DINNN NNNN NONY NDTNN YR TUR IVNN PIVA DM DOPNY 1901 NN NIIND
(VNN PIY) NIANN DY OMIPWN TN SPNY ,MTN TYIND .0NA WITIN NPPVOZAN NNMD
NN SY MOIYN 29 DY . NP OTDI9) NIRIDIN ,NYNN ,NDMINT MININ ,2597 DN NN DD
172IN) YR DYPNYA THM NON MDITH DY >MVN MM HNONIVIS 70 ,SmarTech 9pnnn
DYNY DINN D) MMM NONHN SV TN NON MOTH 55 (NPT WNRY NYOON
MY T TINDM 4.8-32) 2021 MY 27NIX IWIT TINODN 2.4-51 DOHNDN ,0MVOINNIN

1 )9N9Y MaN 29 2027

28 SmarTech Analysis, Markets for 3D Printed Footwear 2019 Report
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Consumer Aerospace, Aerospace,
goods, $954, | $845, 18% ) .| 5420, 17%
20%

Service .
Bureaus, Automotive, Bureaus, Automotive,

$1,124, 23% $1,336, 28% 3562 , 23% $653, 27%

D099 NIVNN PPNV DY M2 NN 190N DY DMIWP NNMPN NIAND ,NITH TIIND
DMWY VI HVPMIND MM TNKD NYIVY YNNIV NN NYNIN JPON DY IWUND \1onY
.DWIN

N8P DY DN NI NNIAN 215 DY DIODIANN N NNV 192NN NPMPNI ,NYTH TVINID
,MT 9952) NMOYYND TN NONN MOITN PIVD DNYPN DMV DMINNND MD*2) MI2aN HY
oo My (TWIKIT ,030) nyomn ,(EVONIK ,BASF) omin mnaa mpoivn mnan
SV DIV NN MINJS TN S1TH IMINDIA NOYIN 1IN DY NIV NIPY 172N 90N .00
YN NPOIVN NIAN DY NDWI NIANND NANWN 1D .TPYINR NHNRNNA DMDY) NPID NOTN

D70 NOANN MDY NDWY DIY» NNAY NIVNI D3 NDINNY DIV

MIINN PIY) NIINN DY NYNN PIva OMIPOYN DPPNYN DY D NN XAV PIND
(MPIYYNN

2390 pwv

2. 1101910 1D 78-5 DY 1IN 2020 M3

DN MNNANNY INIXIVIY N2 OMP) THMI NON NMDATNA AN YINOYW DD NYIY 25771 NOYYN
MON OPN TIY OMIPOYN OMIINN .NPNMYYN T NON NDITH NPNDNIV XVOINX TIN M
OXPON DY MNMN MDY MOVPN ,PYTN NN MWL NHYH NIANY TN Dpwn DY DXpPoHN
9 DY INDNY 72y TIN TINI DIPON VIPIANY DYPIN DY DIRDN MLPN NNVP N MITOI
TPNIMPY NAY TWIT 29 DY NN SPON NODXTH NWND NIPYN 2207 TN, NNONTY /IvdT
MY DX XYY DAY IRINN NMMDY NX TPMYNYN D7) DY NNV .DNY> D257 DPIINNN

DY) NPAON MNT IWINI 12 29101 MPOD PHNN

TIND, 01NN DOYTIN NPYY PPVDYIL THMH NON MOATNA 257 NN DOVWNNYN NN AOVWA

2 https://www.acea.auto/figure/world-motor-vehicle-production ACEA driviong mobility for Europe
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NN MOATNA DTN WINIWN . NE1M MDD TONN THINY PIDNN MYITA DN DMOY
DMNRT MM NTHRY TIN TN ONPN NI XD PHIN MY MITIND PNIY IWANRD TN
.DMINP

MY NPYHY 25910 NAVYN HPYN NIVPNY DMV D3NN YINIY WY ;NN 2DV
NN 25970 NMYYNL SNITO NEMA TN NON MOATNA VIOV ,NYTH TIIND .poTN NI
MDATN OINN POV, TN NIN MDITNI YINOY DIVIVN DOVYN DM DIMP) INNNI

ONNN

TN 44%-51 i8Roadster 7151 N Ypwn DX MNANY NNYY¥N BMW 2590 798> [ NonTo
081 3L 1193970 NY9 2990 197,19 195 30.5pwn 9P ©IIN DIN NIV NN VINY
NYN NOSTN NPNINOVA DMINPN) PN DNNNND DNININ MNRDMD HY DIV AN ININNKY
11959592 MNDD XY 92NN NNYDSN,DMNY DD YIDIN NNV INTINY DN MYSNNI . T0M
JON MINDMD LNYa vidwd DDNOND POINNY DIWNNYNT MINNY DMV SWIP N1l

OPWUN2 YMYNYN NODIN IVANNDN YO MM, 7D NYN NDITNA ININD DISPNIN

POV NYTN TYINDY ;2990 NMIYY AWIRND THIN-NON MDATNA YIndwn 099NN DINNA
N2 YNOY 92N PINND 1LYV Y2309 NN NN DPNMIYHVN PLPNY ,NIPPN 157 DINNA
NOTN MNP WIND YN NIPPN 2257 IMIN NONN 2018 MY TONNA .MPOD MY
D5N DY 2N PN YXND 2997 TN DD T O DY 12970 NN OPOHN S TN NON

32 W DAYPHN NYIN PN YL O IMYHPYN NN NPINNT TNY XYY INININND J2yN %1979

N8N 98 PIY

TPYIR NNRNND NYIITN IRD T2 TOIN NIIND NN DINNA THMD NON MOATNA WDV
DT DTN DY NDITNN MYYA N1 T8O DMININ HY

NI PV MYIITY DNXY DIRNND DIWITI,D2IIX ININ NPYYN OIRNIVIP ,MTN TNIND
NOOTN OMINNN NIINN I PIVA DPDLPIOVN INYIND TN HY NN JI9INI NPNYYNN
,D7I8)190 DOWTN DY TIN NPT MMAY NMNODN TIT NIVANDI NIN D8 DY MY 790 NoN2

JPYOR ORMN NEMY DD TY MNMP PN RIY NN DI NY»

X OINNND NPNONOV NPV TNN YW DINYNN PIYN DI MY PINdS NND 1N DY
TPNDRIVIND NPNN PIONN DINNH D) NDITND DMIMIND N TIIHN NN MOTNI
(PONN M2 DY NINVMVAIN) INNV

%0 https: /www.tctmagazine.comvadditive-manufacturing-3d-printing-news,the-ultimate-3d-printing-machine-bmwv
$https: //newsroom.porsche.com/ens2020/products/porsche-3d-printed-bodyform-full-bucket-seat-concept-study-
19996.html

$2https: //newsroom.porsche.com/en/company/porsche-classic-3d-printer-spare-parts-sls-printer-production-cars-inno-
vative-14816.html
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NOIWNY IMYNID RSN NDINN X OINN T NON MOOTHA WIdwn ,MTN TVnd
NYITN DN MDIPN DMWY SNMIYNRYN J9IND I 70 NON MDITNI VYN ,N1aND
T80, 090 DOPHM ,OMNN NMINDI ,MTOP ,0M9PYN NNNT ,00INN DY TIYWN NNNNNYD
DINMY 7PN N XD NI TYW D20 I¥MD NN NV NTTA DTN DY NOATNN MY NP

122071 DMIAINN NIRD INOYYN N¥M

DINMY 1N 7PN NDY LYNOY DPNDINV DN NPY NIVAND T NN NOITNN ,NY IYPNI
NMIYOND ,DD9THN DMOWN DINNA ,NONTY .NPPVDDS NX» HY NPNNON MOLIWA 1D Ty
I8 YN NIRMNN (Midsole) MYSNN MO0 MDY DMHYI N TN NHNA DTN
VIDOY WY TONDIYN DTN NN ,NNaNN DT 20D VIOV NN X VRnUnn
PN NOYONINL 1IN NIYTN NRINI DY) NN N NIYIANRNDN THM NON NN NPNDNOVI
9977 110 2 ¥) DTN DY R NITON 01O NT OV 11NN .NPNNDNM NN MOLIWL 1NN 1NN
N9¥INN DINNA T NN MEaTH ,SmarTech APNNN NN N 29 Sy 32.0M517 95N T

qPINY 2020-2 Y31 MIWN DN NXY I 4N NHINN PIYN 0.3%- P DY ININ
Y MDION) VD NYIN OINNN IDINN 10%-I ,NIANN NIIYNOYI NN TINDN 20.5-5 DY

35 (Mwa 1917 TINM 140-5

NP NPMITNI NIV YN NNRNND DXINII NN TWAND TN NYN MDA TNI VINOWN 9001
NN, NOTD .TIND N0 NMBDY DY NPNIY TIN ,INVTO NN DI YINY 1N IUN 1IN
TINN NS TPIMMPOT TWINNDT ,IYTN VIV 2018 NIV NINN VI NNV NIDMNN MININ

36 11391 NN NDOTNA MAXPHN MM 29309 NPT HY DMWY DNNOY 48

D) DI9NND MAIPN DN DITHIO NAN NDINN MIXIN DINNA THHD NON MDATN WIDOIWN
MYTOP (MY 9P 2197901 27 1PYIN DIIRNIN MINDD) DMININD DIND ;21N DXVWINN IDINNY
TMYYNY TR NONN MOITH PIY ONINIVID .DX9DI) NI NN DMINY VNI NMDIYID YN
AT TIND 1.28-521 2021 MW 27NIN INT 1) 639-51 TV DIVOWINM NIPINN 1IN

.SmarTech q9pnnn NN ™M) 9 Yy 2027 MV 27NN

NAIWYNN PV

SV APNN 19 DY 2NN AT P 778-1 1PN 2019 MY NN NPPVDIAN PV HVW 1PN

33 https: //all3dp.com/2/adidas-3d-printed-shoes/

34 SmarTech Analysis, Markets for 3D Printed Footwear 2019 Report

% https://www.statista.com/statistics/1044823/global-footwear-production-quantity

36 https: //formlabs.com/blog/gillette-uses-3d-printing-to-unlock-consumer-personalization/

37 https: //www. 3dprintingmedia.network,3d-printed-bike-saddles-consumer-am/
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MWYA NOWNN DINN T3 NON MOATN ¥2997 NIPNN 1991 8. Grand View Research n7an
.SmarTech »mn) 9 9y , M1 99X 187- >N 2020

NPRNN DD NPY ,DINVN MIAX PNION 2DVN SNN NAYNN DINNA MVNYN TD NON MOTN
.92y2 I8MY 7N N ROW HPYN YO DIVN PHN NN DIAON NDSTNH ,DX0IVND

T NN POV MDHTN WIw Mwyd 32018 mwa nonn Airbus ©yoRN Y0ION MY
20-5 DYYIHN) DXDIVNY NYIAP NPINN YN TNNN .DMD DIVN PPN NN SPON NNMH
WVINOUN NN ININY Airbus NN 197210, 010010 DY D151 1DPWNL NINSND I8N T8O (MW 30 Ty
YPONA 197D NONAIVITINY DOVINGD WIDY MWYD) I8»Y NNYONN Airbus .13 ndn MvoaTHa
20 PN DY NNV TIN,15%-5 DY HPWNa NIDN DIWIRND NN DIDIND .0»NNAN DIVIN

.DMYNN Y SV NPNVININ MYIITI DTN

NMYNNNI NMHYNN NOWYND DAON NN ,Airbus nHan Sv na nHan ,Satair 72N ,qo0N2

NY2 DDATNYY XYM YW AN YHVIT AN PXINNY NIWAND 1T N9 40 190 NYN MBSTH
SNDND NPTNN MMYYA 992 PNODN TIM NP Y32 TNSN

ANIDYN PV

,172NN NIIYNY 7DD NHNN MDATN OINNA TN DXNNIND DIPNYN TANR NIN NRIDIN DINN
NNI9IN DINN2 TN NON MOTN ,MTN TN .MDIPN DNYA PINNN 1B NNYHS NNIN
DMPYN DRIV INIDIN OINNA (OPMN DTP) OPMIVIN DITIN NIMY POV MYHYNI

.MIN INND D9 DIPIYD DIINYY DMIIVIN DN NN

DYV MYMNI YIDYI MNINND DNV THPMYNDYN NNXRY NHMP POITINNIND 0INNI
1121 500 MNSY Y18 2022 MWN DNN MM 29 5 T ndNa 097N (Clear aligners)
Multi Jet-y SLA 5w nynonova apeya 4nd1momn non nosTn Y modwa mva 0»»w wmn

NNONNY TPIAN DI PAN 5P JPIND MY IWAND T NN MOaTNa vindwn “2.Fusion
OMVN HIY WX

DYDONMN DN NPNY THM NON MDHTNA LIV NMOY HY NNIN NIDN DONYH DINNI
DYNY 600,000-51 VIDOW NWYI 2019 MV ,MOIYN 29 HY .MV DOYNY N0 TPYON

432027 THw Ty MW 1190 4 HYNY HITIY MAN I I9DM TN NYNI IDHTINY

38 https: /www.grandviewresearch.comvindustry-analysis/aerospace-plastics-market
3 https: /www.airbus.com/newsroom/news/en/2018/04/bridging -the-gap-with-3d-printing.html
40 https: //amfg.aizadditive-manufacturing-workflow-mes-software/spare-parts-solutions,
41 https: //7www. 3dprintingmedia.network/am-in-dentistry-forecasts-9-billion-market-by-2028/
919 Y P93 6.7.9 PYD IR YR NPNINOV MTIK X099 2

https: //7www. 3dprintingmedia.network/category/medicalzimplants,
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DTP NNIN YNIY TN DY T NON MDITNA YINOW NYY) YMNIN PNIONN DINNA ,MTN TYIND
DXMNNY 7OXNN” NNAD 191 DX DXMNNID PIDNND ORIV INXD IYINNY NPMIND)
MINMN TONNA NOINN DY DOWIANNN DXAINN

NYIATNN NI PV

DTN PMNINA DXPINN DNIISN NP DI DT T NONN MUITH DD MNNINND DY
7Y OXWVWIATI KD ,ININN NN NINY NOYH TN NON MDITNL YIDIY DOV ION DN
XN NDSTM PIONA NITY DXNINNN DMMIPN NOTN MDY DM in-house ¥ MDY

RLN v

W 2019 MV TINN NON MOTIN 34%-5 ,Ernst & Young \v»n nn79 MmN » Sy
O”I9¥N NN L,NNP MMPY DY 2N PHONY MDY DNINN MPYN NN .MDITH 7OIN2
75%-2> Moon SME nmnanwys pn»wynin My 25970 0nnn m1an SME mnan ,0»019

4 1y9Pwn 7199192 MOSTHN NNIN

2014-2020 DMWN YA 1Y OPNVY 9D TN NYN MDOTH DY NN G20 MTIN DINN) YD
: (217N I9YT2) 2021-2027 DMWY ININD MPINN 9PN 9272 7MINN 1)

44 https: /7amfg.ais2020/01/14/40-3d-printing-industry-stats-you-should-know-2020-redirect/
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Total 3D printer hardware $ sales by target market
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2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027
Aerospace $121.1 | $135.1 | $169.0 | $173.5 | $239.2 | $295.4 | $377.6 | $420.2 | $506.1 | $549.9 | $614.4 | $715.8 | $788.5 | 5844.6
Automotive $153.1 | $179.6 | $221.9 | $242.9 | $305.3 | $411.3 | $535.5 | $653.0 | $779.5 | $860.5 |$1,000.9/51,178.6/$1,239.7/$1,336.0
EDental $58.8 | $67.9 | 576.5 | $84.9 | 51107 | $116.8 | §152.3 | $203.2 | 5244.4 | $293.6 | $329.3 | 5396.3 | $387.3 | $397.0
i Medical $75.9 | $90.1 | $129.8 | $136.7 | $166.1 | $205.0 | $255.0 | $301.0 | $357.8 | $388.6 | $424.9 | $482.9 | $496.8 | 5517.4
WiService Bureaus | $212.7 | $226.6 | $266.2 | $270.8 | 5336.5 | $382.1 | $477.4 | $562.0 | $657.8 | $750.8 | $868.5 [$1,022.6|$1,062.3($1,124.1
i Jewelry $40.4 | 3480 | $57.2 | $73.7 | $91.9 | $101.7 | $136.6 | $168.6 | $205.9 | $248.1 | $287.9 | $350.5 | $340.3 | $330.3
Consumer Goods | $135.5 | $149.1 | $179.0 | $195.4 | $234.3 | $312.8 | $390.9 | $470.4 | $567.4 | $650.3 | $756.8 | S866.8 | $923.6 | $954.1
Energy $71.6 | $83.7 | $110.7 | $109.9 | $137.4 | $180.5 | $224.5 | $285.5 | $342.8 | $381.6 | $436.8 | $509.5 | $538.9 | $582.0

Other Industries | $193.0 | $208.4 | $295.4 | $289.7 | $370.1 | $426.0 | $514.1 | $590.6 | $720.5 | $868.3 |$1,010.2/51,219.3/$1,309.3|$1,434.0

Source: SmarTech Publishing
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MYNNHIND IN/ N9ANN NHVIYYA DN TUN DIV DN ARKIND ,N93NN » DY JINNY

979 AT MTA 29 9op0a DY991IN PNIDN NN NN

MYIP9N DIND HY BIINN DTN DINDINY NIPN ,NPIPN , MY

MIXINN Y ONOYYN DIV D35 .0PNYI DN DY 17 190N NIWN TN NONN NDSTH DINN
MDATN MINY POV NPLINDIITN MI2IND .DINT NN MAPNNN D NPTIN 7IXDNN NOPN
MYIMITA TINYD NOITNN ININ DY 1OV ,0XPINNY DIININD 1IN0 MY DXPIDNN THHN NON
PON IPN MY 2781 DIND MITHY ,MEON)I ,PHIN )N OMOVINDIN PXONIM NPPNN
DWINAN YD ,NDIYN NIAND .NIIND DNNMN IMNX NDITNN WRID PY JI9INI NPV
MHIN DY VP> MM NDOTNN YR MYSNHNI IDITYY DXPYN DY DIMVNN DMIODNN

PNV NPPNN MYIITA TINYD MOITHN
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INPNNIIY MIPYON DINNA ,MPPYDN 4P2Da DINIY

DOVNNWNN NN ,MTN TIND NSNW INMIND RSN TN NONN MOUITH Pv
PNONOVI DOVNNYNI MNIND TIYD NYIDY 19 NDITY THMI NYN NOSTH NPNYNOVA
DMYN YNNI DPWYNN DY SMIVN YXINNTD NNMINT ASPY I MIDIWNN DIY WIDY )5

9 NDITNN YR NMNDNIL D NN NIAND 45 mwa 24%-5 Yy Ty maypn

DOYTN DYPNY NN HYA NIAIPN DNOYN WNIN DY NNV PIYN 91T AN NIRN NN
DM PN MIDOLIIVIND INNYNA T NYNA NOSTH DY MHIDIN NPNTIN NIV

2 100 Y T TIMYRYND NISA DT TN NYNI DXOTINN PXODDIN NN DIV
NDOTNN NPNTNOVA NY NNY ORNNA YT) DINNA DWW NPSPIDAND NN
121 DRINWN PIV OININ NINDIN MATYNN DOY2N NON DMV .PIWN MNINI DNV
N2>200 9N 2P NN NDITN NDIDNA TN DXNINN NPIDRN NIYIYI OMNPYN

MPONIN YN

DINNA NPNONOL I90N DRIV DY MNMP NIAND NYT 20D ,MTN TIIND
MTIN DODN DOVIOY .SLS N»)HNOV NIYNNNI MY ,PPVDYT THM NYNN MOITN
APNY 5.1 PYD INT T NN NOITHN NPNINOV

5.3.1

5.3.2

5.3.3

,TI9 119553 PINA DT NI NITIND ,TINY 539 1IN Y199 NIYNAA 19 Y9 N9aND MNIM NN
MMNNONN 9373 NIANN MIWN Y 1PN DNV DMUMD DIMDAD ¥ 1PN ©OIaNN
.N9AND HY DNVSIYA IR INT 1IN L5592 DN ,DMUYNIND 191 TUN DIPNY DIMPN)
59 TINNY 3991 NNY 19IND YNNRNNY IN 1PN IN 1913 ,UnNnnY XY mMNHYY NN MaIyh
299 AR MYNNND INA NIAND NVIYYE DX TUN DINY DN ANIND N3N0 >

1905 Nt HY1A 29 PP B3991N PIPON

1YY MNIPHD 3NN DINIPY IN MIIYON DIND IV DIPHVI MNNNINN

2990 PV
TN OINDN NILPN NPMIVYA PNION NMIVARNY MYTN NPNDNDV NNHIRD DN 1597 P

MOLPN AR MIVARNY NPNNOL 19 (Inventory on demand) NMax NN MY NN
NYNINOVLN DIV .OMVTN DMIIMNI VIV TIN 2590 1591 S¥ Y90n Dpwnn
NN NPNINIVN DIV NINDND) PPIVY GO TIY DNIND NNPNY NN MNNYVID
DXPON MY ,NYTN TINY T NON MDITNI VINOY DIVIYN 257 MINY NN OM”P
VTN YIDIWNY NI NDIVNM NP NN YHLIN 92D THMI NON NPNNOVI 107D

54.1

5.3

5.4

45 https: //downloads. 3dhubs.com/3D_printing trends_report 2020.pdf
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.D»NNYN D597 PIVO DI NHITN2

IN APYTAD ODTIN INM 222D IDINN TN NON MOITNI VIOV APy ,ND TY DN
NIYONNDN TN NONN NOOTN DINNA TENTNOV NNVTN ,2579 NMYN PN NOSTN
1M XHY DD MY 2IDWA TN NN MDY SNOWYN N¥» DX DY MOITN
SV N NN NPTND T INNY MIYY ,NPNNDN MOLIY NNYT NN DINMD 7N
DYININNDN OMPWN ,NIANN NOIYND 2097 PIVD TIPNMWYN NN 170 NON MOITH
,OVYND 0D NON MOSTH DINNA INDNOVN NNYTNN 1DV 1590 PIva DD
2PN DMWY 2590 NOWYNI THMND NON MOITNY NYIITA NMOYY 1A

NN PV
YW PIOIND TO DIV ,NNYNN PIVA MINNPN NN NYNON INNIND ,NIINN NIIWND

XM MDY PNODINT NPNDNOVL NIND NIDYON 1T PIVI NIAND DM NN
ST NYN MDATNA DXOIVH PPHN NXMD NPNINOV N HHOY MPYM

GN DMWY NNNIPN NMPN DNV NT PIVA NPOIONN NIYIYL DOYP 112NN NOIYNY
NN NANID NIV DD TY P NYMD NAYY NAWYNN MIIN DY 1NN DY Wawnd on
.MYNN OINND THM NON MOITN DY NITND 3T N

ANIDIN DIV
DNYISN 8P OHYA DIMINNN THRD 2WN) NXIDIN ODIYA THD NYNN MOUITH DINN

DD DMNIN NDION TIN MDIIPN DNWI MNKD PYNND NN DT OIND AN MDD
ST NON NDSTN MYNNNI DIMNID DY) MITVIND NN TNSD VIDOWY

5.4.2

54.3

71X 21371) NI SY NN MY NNINKD NNPNY NPYIXR DIRMN DXIXINA PINNND N PV
NP 2DIXD PN NIYVHD 1NN VIVANOY DININ

MYP9N DINH HY DIPHYA MNINNIND 9272 935 MVNANN NHAND MNINY MIIYN ,MNN
DYDY ¥ 1PYNA DDIAND ,TIY M) PINA DT NNN NN ,TINY 33 NN ¥199 N1NAA 1D
P13 UK DITNY DIPXY INNNIN 9373 19aNN MIIPH Y 1PIN DIIY D1MD
NI DMYY NN MIIPN 93NN TY NNVLIIYA 1PN N IPN Y93 ON ,oMYNIND
D199 NNIND ,NIAND 315 HY TINNY 2959 AW 19IND YNNNNYIN,IPIN IN 192, WnnnnY
MY72 29 PPOA DI991IN P20 DI DN MYNNND IN/A 193NN NVIYYA DIN TUN DINY

A9ny

MYIYON DINH HY NMNM YIOWNY 395 BN YWIY DINNIDY BINIY

PPOOYAY PNMYYNN NDITNN PV DMIPWN DPNINIVN DDV ,MITH TYIND
SV MM NIVANIN DX1NINN NOTIN DINNA MNTPNN (1) : YIPOTD ,00N T30 NoNa
Y (2) ;9N MDA N NMDY IN/ 19N 120 PIIN DIIWIRNDN DOWTN BD) 710N
DYNMYYN DX DATND MIYARNDT NXTHMI NON NOITH NPNONIV DY NNINM IN
9737 MNP PNV .ANT DXIDIN 1NN YIDOY TIN 1N MDINI NMIDY NN MPNN2
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NOTHIN DYY NN PNINKRD NVYL dNMYYNN PPN NDITN NPWYN NN NNMINND
MOIND L(MNNPN NN NRD ;N 5552) DXPNYA TN NON MOITND VP an
DPNYINV DMNAN YV MNONI MNTPNN NP NIDN NNID .NIN WYL D) MPINNN
INNY M) PN XYY 0NN HY DTN NYN NDOTN IWAND NNND NN .D¥2D7IN
PN NOY 1IN0 MW TY 320D PHIN IO NIPN) NPNNDN PPVDYY NN MOIVA
DYIDIND YTOV NXAN DY DXIXIN DY MMAN NINRND NNIN N NN .1 TY ONI”P

ADOYY AN 7DIPYV D D) DXDINI PHODYIN NN

DNYA MDDYSN DINNA NPIPOYN NPNTNOVN NMNNNNM MIINN DD PnY  5.5.2
: 717NN MY Y TPNYA YAWNY NPIVY TUN NININND
DOVTN DOWVIPXA NI NOANY THM NON NPNDNOVI NDITNN NPNNL NV (N)

D290 DPNY DY DNNYNADY DD DTN HY

MAVAORNDN L(AD) TPMONIN N2 NN NTND NPNINOVI MNTPN NV
ST NOM Y2259 HY AN DOVIV NS TN NON

NP NN T NON NOSTH MIVARNDD ,MYTN NOTN NPNTNOV MM
.PODN NI PN DY NPNY TIN 12yaN NP

ININT VIOV DMWY DISNDI MTNMDVINNVLI DI TNRYN DIWTN DY) Y10INT YIDOY
1) PN NY 102 NYVYYNA O) T NYN MDOTNL 92NN VIDIY TWINY 1ON OI)
.92y32 NNRY MVYD

MDITNN DINN2 MOV TMIIN YT DY INMDY DO PNY DPNINIV DINDY
STN NoNa

YND QDN 7D NYNI NDTND MYTH NPNDIIOV IN/T NMVIY DY INDNI NN
Y NYTA MININNN

)

)

Q)]

Q)]

Q)

PINA AT NN NITHINI ,TPNY 530 NN Y13 NIYNA 1390 9589 193NN MNINY MIIYA ,N1IND
9373 N93NN MWD YY 1PN DINY DMUMD DI YY 1PN DOIANN ,TIY M
HY ANVITY IR INT IPN 5993 ONX ,DMYNIND TP TYUN DIINY DIMPN) MHNNNH
9917 NNV JDIND YNNNIY IN ,)PYN IN 19N ,Unnnny KoY mMYY AYN MIIYN .HYann
MYNNNN INA H93NN NVIYYE DPNX TUN DINY DININN ANIND ,7H930N 315 Y TNV

1905 Nt NYTA 29 9PPDI B5191N P3O SAINN NN

£H3 0INN DINIPYN MPPYON DINNA BVIIPH NNISNN N

:YIPOTI, 0N DMV DMIDNAT MHINMYYN THMD NON NDITN DINNA DMVIP NNINM NI

LIV, NINN) IYINIAY NOSTN RPNV, D093 1IN I NNV NION DY NNRNN NI .1

PN NIRNY POIN NIANN DY NOSTNN YR SVINDIN TN PIVI DIVHN IDIND (N1vN
172NNV 933 HSVDIMNIN D) TN D35 AR MOVLNNRN NPNININ NOTHN TIN NOITIN
DV MINML MNON DY IXPNIVIIN YNID YITN RO I 1N, THTIYY NOATH NNAD VIONN
DYIN )T TPNDOVNN DY DIRINN DOPONN 1IN HHD T972) >89DN DIV PONN NN
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M219> NNAY DIPWN NI2NN ,MAN 192NN JPON NPSPIDAND DOV DD MN’S WA DN
O

NPNTI AWIANNY NT92 (O9IN 991N MDY NODINT NIDWON NIDY) NOITNN MDY DU DTN .2
N7 DY NN2INY NNV NN ,NIINN NIIWND .NPINDN NN NOATNY NDIDS
7917 INRNINDY ,90%-D TYA NOATNN MDY NTNN NN IWANN ,NNNAY DIV AN NOITNI
NN MY MDVITOIN I T NON NOATN DY MDIDON NPNRTIN NN 19VN

2y V)T DY VDY IDIN HI2,09TINN PONN NAY DIWITIN DMIDNN DN YHND DO .3
NN2INY ,NI2NN YV 1PNDNOVN DX THMIN YD1 DWIND DMNX NYAP NYHVNHY NPTVIVN
DD DIDNND DY NIDN IVWAND ,11PID0N NTIYN T HY WY NPRNDNY INNYN MPrT1a
NOITAN NI NN N2 THN) DIMNPIN D2 PONN DY 20NN PHINT MDY YT HY M
.(MPNONN NPNMYYNN NOITNN NPNINIOV DI TIND WON 1INVY)

DNOXNN NI WNN D1 70N MPIY MN»PN APIOYYNN NPNIONOVN ,MTN TVIND
WNR NPNONOV HY ON TININ NTNN NYYD NPIPIYN NN I DOYD IO O»VIPN
NNYNNA NNNYYND 1952 ,IMN 119 PNDNOVN ,NIANN NIIWNY ,2O¥0 VNN TN SPNYD

91 DMVIPN NNDNNN MPDINN TN DY DNMNNA MYN 1NN ,MNPN M TYD ORNNI

Y2¥99 MINJD : BN MNON NN NNOWND NOITA NIANN Y'Y DMID9HDN DXNNND ,NYTH TVID
TPVAN DIINKD IND 1237 4121 1IMY NNMIVNX YR NN ; 23570 ORN 4-3 DY PIDN MHYA 1I»Y
72NN DY NDATN YR 1AW MINDN DIV 5Y NIXIN VN ; IMIDN PIDN NITIND NNNX NNIDND

PNMYYNN MDATHN I PIV O30 TR DY NPINDN NOATN 22) HY )PNY

TH0 NYN NIDITH MY DY DMIPIY TY IPNYY DNMNNI DMVIIP DNYND DI INIY 9ND
: MPOYSN DINNA NIAND HY DPIHNINIVIO NMINIPY DNV ,01VDYNININ DIIINY NPNMYYN

PV 5.6.1
L2990 IMYYND 02557 NXMY YITIN 10N PINTD MIYITI DN NTHRY N (N)
L2990 NMYYNIA YITID YR NMPOM NPXNY 20NN M) DIND MTHY NN ()
NPIDY IN/) 2277 X NPIDY NNNND INPDY DPNONIV MNINI WIND N0 ()
.2579 DYAONN ONIN NPINN
N212> 0PI 259772597 HPWNA NNNANT INXDY DPNDNIV MNINI WINI NN (7)
D MHITNA INNY MY NN TR NIPPM 1NN 2257 DINNA 1P NYIT N
20N NN D1YNRVNN Y2591 NYWYYNIA D) 1IWN
NN 25V TYAND TO2) MDITI NN MITOA 15770 NOWYND DX DTNY NDD (M)
SNXMN DN POND TN NONA MOVITIN
)51 NITTN 2377 Y93 HY PNONN NI NDYI INIDY DPNONIV NININI NN ()
ST NN MOATND DXARMND ONIVITN NONN 152 YIN W 1570

NAWNN PIY  5.6.2
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MYNN PIYD 032959 IXMY YITIN 12NN PHINN MYITI NN NTNY RO’
NYATIN NPPNY OXNNA YN MPOM NPXNY 720NN ,Ma) DINY MY NN
.MYNN DINN2

NMYY IN/Y 29990 NY» MNDY NNNND INYDY DMNDNOV NININD YSNY NYIDY
.DYDIVNY DAONN NN NPINN

POO009N Y09 HPYNI NNNIND INDY OMIDNOV NININD WSND NN
NYNNIN DU POTH MMHYA NODIN IWANRNY DXOIVNI

)OI NIITM OOV YT HY NONN NDID MDY INYDY DINDNOV MNIN NN
ST90 NYN MOHTNY DXIRMND D1HVITN PNONN 2 YINIWL DIDIVIN

(N)
()

b))

(1)

Q)]

N8N I8 PIY

SPYN MY AN PIIN MDY DNV OINMYYN NN DXININ XM NI NN
2NN VINOWY NPADN TPININ NN

NOOTNN YR NININD TN NONA DXOITIN DIINID NN NY N NN
STNINN YDVPIVN PNNA NIANN DY

571 72 (Customization) 712N WHNWNY DI DIRNNY N2> NN
.DY112) Y182 MNTI DOMYNYN

I8 P NN DYPYNN DY SDVPIOVN NYPYN ITHM NIDODD NPNTI NN
STD NONA NDSTN DY DDIANN NIVTN NI 1P PNNDN NVLIVIA OOP

(N)

)

b))

(1)

ANIDHYN PIY

NIDIN NMOYYN YITID DIWVIND D) MI1DIN MYNNNA THM NYNA NOSTH NN
DYIRNNN NPADN MV NRIDIN NOYYND 02307 HY N¥M N2> NN
(2781991 DMHOVIT DMWY ,TVIIN) NPVINDIN MYITD

MNPV YINYY NPIDN MIVIIN 2N PN MOV DONY DY XM NYID NN
INDPA WD DIVINNDD DIMIN DY PNNN

(N)
(2)

b))

980 21399 PV

7N MYOITY NNXRNNA OD) 1IN PN MYNNNA TR NONA NOTN NN
DY

.09TNN AT NP TIN P8I 19INA NOOTN N

NN PN OHYL DPNY SNOYYN NIMA DMV DX DY ¥ N1 NN
JNPNY VINOWY NPODHN MY

(N)

(@)
b))

5.6.3

5.6.4

5.6.5

M2WHN DINNA DD DMVIIP NNINN MHITN 190N OIINP NIIND NIIWND ,2PYD TN qQONA

:Y2ApY1o ,NHann Yy

DY DAMWYN NNOM PIVY MNODNY NDMND YT DY NI HNMYI MNDN NN
.MDATHN MY BYIWYA D921 OEMs — M) OIMNN
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IND TN NYNA NOITNY 0D MIIN NXOY AMIVTN NPNYNOV MM IPNNI
S99 NON MODATN HY DIWINIAN WY MDMN NNOYNY OMNDNOV DINIPWI DWW TN

MINK PIVY MY DIDI J19) OPARNYN DN MDD MNXTNI MONNYN
.192NN NNNNY NDOTNN YN DY DO TINON DWINIIADY NN MYTINN NNOYND

.DYDMPN DI NITYI DXWTN DMINID NN DWD MM IPNNI MAVIV MYPYN

Y985 DPINNND NN (THXNHN NON MODOTH NMIYNNNI) DMININN NN MWN)
.MpPOHN

TN NON MOATH DINNT NPNNIT PTIND YT YINTH DINN 1N MPPYIN DINN
Npaiblvplanl

MINIAD NN PN OOIN PIDNY DIWVNTN (DPNYN DMINY) DM MNPNH
A0 NYIPIVAN MM TIXD 191 MNAN IPNNN MDY DXOPNIN

I APNNN MININ VY MPNHN,MIND YIN POLMN NI
INPN 209X 51D DY DYDX21NN DN ONIMNN D1 DN PIN HMN N3

2ININ PRPN YD) HY 1193 MVIVON 91

5.6.7

5.6.8

5.6.9

5.6.10

5.6.11

5.6.12

5.6.13

5.6.14

5.6.15

NN NN ,TINY 239 NI Y1913 NINAA 135N DYDY NT GO¥DA NYAND MINIM MIIYN ,MINN
93NN MY DY IPHND DY DM DIMIDID DY IPINI DDIANN ,TIY M) Pina M
ANVITYWA 1IN INTI 1IN 5553 BN, DMYNIND 19N TUN DI PNY DIMINRY MNNNINN 9312
2991 NNV JDIN WNNNAY IN JPIN IN 191D ,UNnnnd XY MUY NN Ma9¥n .N9anh by
MHYNNHNN IR/ N92NN NVYYYA DN TUN DINY DM IRIND ,N9aNN 11 Y TNy

909 N P93 29 oY B2991N NIYDN MM NN

MPIP9N DINNY BYIN S9N DIPODN TIYNI DNIY

DYVAN D27 DN VI NYYI NIINN NNNNY NOOTNN YR NN N)HON2
PMNN MON NMX NPN NIIND ,MTN TYIND .NH2AND T DY DMIDNND) ONMAIN
0’25592 71277 12¥ NDATNN YN 22557 ¥ TN NY OXWITTH DIIN IDIN YPID2
AP NNNVYNY MAX KD DIADINWI DDIY DIPAD 1901 T HY D100 , 0O
DNNIND 90N T DY DN PIVA PPUDYHA TR NONN MOITN PIVD BYIN MININ
BASF, DuPont, Covestro, X NNNY 1M 0’»1) Piva DN D) DOVIVN DIPID DY
ND ,MYTN TVIND AN IX NI 1IND OMDN PN KDY [ (Evonik, Wacker Chemie AG
SNNND ODIN DN NIX HY DIV YNNI DOPMNND DY DN

571

572

£H3 DINN DINIYI MIIYON DINH IV DIPIYN ANININI NN IMIONN

MYNRIN PIVN N TDIN NON NOSTH TINND OCMYNYN DX D)) 2737 DN NIAND MININY NI
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)N DY OINVYNIN DIV RINY) NWNN 7w .SLS 70151502 mMoaTn »a8 Piw 1N NHann Yy

DPNY DY 51T PN N8P TIMPO 1IN (NYTH TYIND ND¥9 NN PXTY NH2NN 12 MDSTHN

Ruplahl720)

0PN (MDITN NI NOATD YWYNI NN 2IP) NIIND DY INWUNRIN PIYY NDNIN INONN

: 0PI

NPV YT AN0 M9 TNSNN YaNn PIPdy NOND DIDNH : NPNNINY Y1 5.8.1
.MYOP¥aN DINNA NPNONOV

19N ANNRDY M) MWK P YITI MDWON DINNI MNP IPNN MDY : NN 5.8.2
9OV DN

PNND T NONA NOITNN ININ DY PIVD DTN TNKD : THINONOV TIT DY MY 5.8.3
,ND9TNN YWY NPAMNIVITNIY DMDN DVINAD VIV DI TONONOV NNITH NP
.DN2 DININ NOTNN OYRIY DXININD PN, NMDY

SY 2N NNY NDSTNN YR DY NNRRNN YSID NDID - NDTN YWUNI DY iISTNVIN 5.8.4
D)X MOYTN

MDVITVINRD I DX MOSTHN YIND TPYITI IMOYY NDATN WNI I8 N9 5.8.5
PN

L2789 MOTTN,DMNPIN ,NLYA NYPY NPYIY NIYH 1NN : NN TIVH NMIA 5.8.6

IWNN PIVY NONON MIONNA

oMannn v

MYITIN MMVLINVI MITNYI 12N PHIN ODYA DN NXY NN INDNOV ODN (N)
D20 DTN N1 Y510 N MDNOL PN .PPVLOYH VINIYI 1597 NYVYYNA
1IN 9T HY ¥APIV Y95 25970 NMVYNI DIVWITIN PXDININ TITN ININI YTHYY
LNLYONIN JIT TIIND VINIWIA DITHNIY DIPON 18D NYIDN

Y9555 NPXTI NPNY 2D NOYYNL YNOYYN NEMA TN NON MOITH DY : PN (3)
NN NN Sy L,YIAT) NN PN MDY DPON DY NN IWIRD D) 157710 MIND
MNMPN MOLIYA NONN IN PPV 257 PPHN DY NI NMIVINRD NIVIVIVIN
.0y

DINNY PMONN YD DY NTIAYY DININND) DINIDV PYWINY TN OMP : NN YT ()
N NI NNV VIV NN TIOND 1IN DY 710 NONN

STV PNV NPNVININ MYIITI NTNIY NDID 2NV 0PN (T)

NAWYNN PV
MYITIN NMMVINNVI MTHY) 1A PN YA DN NND NN NNV 00N (N)
09712 N1 (1) : 5515 NYINDNOV VNN .PPVDII 727572 VINIWIA NIYNN NMYYNI
PN T DY YAPIV 29D NOWNN NYWYNI DIWITIN MIXDNIN ININAITHYY DI
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LNOYHONIND AT TNIND YW DXTRY OPON I8 NI (2) ;709N ASTM

DY .09 NNIN O NIND TNPN PN NVIND NIYNI NNYNN NMOVYYN : NN
oY, 0% PIYY PPLODAT THMH NIN MODSTN HY INY OMYHYNI NPTN IWIND 1IN
IR ONITO NN OMYNYN JI9IN AN AN NDOLIIVIR WNND INIDNOVN
MYNNNA NPAORM NEON PRINND NONNR NMDYL SMYNYN NION ,PNND
T 9 DY IO MIVAND

DINNY NONN DI DY NTIAYD DIDNNI) DINIIV PYIND TNY DMP MK OTX NI
N X9 MNINIVA WINIWN DX TIOND NI DY 11D NHNN

15902 700592 VINIWD NYNIN N9NY NPN NHMP NYNN IV :2NVV1N ODN
MY, NPNN MY MOLIIWI MTNY,DO¥ND2 MITNY NI N NPPN .OIVNHN

46 1191 MM NVLIBNVL MTNY NP2 PIINY

)

b))

(1)

DIINN I PV

,NINMPN PPOOYAN NX MOLIYD TPNIYNRVNI NMIN WS 1IN DY INDOL DON (N)

WND DT NMDN 1K PN YN0 IRIN DY DINN INND NI NWAT
DXPON NVLVY 29 5¥2 DN NNOY N3’ (1) : 5515 NTINDNIV VNN DY DINPPPN
; D221 POVOY MINIID NNYTA OMNPN YIDIW ININT NYTNY (2) ; YIID DIMOYN
7792 (D>I31N YADN MIVY HY MTTO) DIMYNWYN D912 DMININ IX¥MH NI (3)
NI (4) ; NPNNDHNN NMVLIVA DD DI NIMY YATIN DD TN IN NNT IN

DOy (Midsole) MYSHPN MDD N0 DY DIDMP NOY DOWTN DNIIN NNY

NYNA DXOITINN DXININY dXNMIYHWN PNIMN MPN 1T DD .(THH NON MDITNI
.DYIMPN DMININT NV TN

DYIXPNN NN MINM DY NPTN OTPO NI DY : 13y Y3 1901 12 NV NNV
N NN DY DNIY P DDWI PIY OPYPNNY PIN TN NYN NOATNI
.D2) 1IN TN NON MODITH MNINN THMD NN MINIM PNIONA Y72 Xo¥a DMIIONN
MIMIN MIRNN ,IXIMIN DY NI TNIND VP IR NON PNY MDY NYVDY P2 1DOWN

D355 NPRTI DY NPNY TIN DNIIND INKN IV 1NN DWW TH OOIN

NN HY NDDIANMD NN NV NP DY NINN NI NOWYN YD :PHN
DV MONRND NITN IWARD NN DY (M) D0 ,NITY) DINT DX DY IINN
N N1 IN NNDT NIDY NNID WIND ¥ NN NI OINND THMI NON MOITH
NYN MOATN DY DXODINN NI MNP DINDMPN NION MNP NAONN NN PITSNY

i jablal

(@)

b))

5.8.9

46 https: //www.astm.org/Standards/aerospace-material-standards.html
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D190 DY 29 NNNL WIDIY NYIY NDINN IS PIY : DXININ NN NDITD NN

QM TAN VDY IMINKD TIMYY DYDY NPID ,NDNTY) IXIIN IMND 2D, 00
M PIWD DNTPNN DMIXIN WIND 1IN DY .(INKR NDN SOOI 90INN HYIN
DN PHN DY NOSTN TIWAND NN TN NONN MDITN NOWYN NN

PONY NVIVA NN N2DIND DNINMIN DININ OPON IXNMY N/ D*APN2

(N)

XN P 5.8.10

DXNINA NMPNRYY MIAN PN OYa 0NN INNY NN NWITY INYNOV_DODN
(1) 19910 N MMONOL PN .INIDIN PIVA PPVDYO Y2591 DIVITIN DOINIPAN
D>2°57 DTN N9 (2) ; Medical Grade*” N1N72 PPLOYY IMNT YIDY NN
NI (3) ;(D»PYN MIYMN DINNA ,5WND) DTRN G DY NPXMIND ININD YTHYY
() (MNHVLIIM DNV DINNA ,KWNY) HP HPYNI M) MNMYP YOYa DN)IAN I

WIT Y95 DO DN NN NN

95 DY NTIAYD DMONNI DINIOV ,DIXIT PYIND NN OMP HOMIPN DIN ND
N NIDY NNV VIV NN TIONY TN HY 71D NONN DINND 1NNONN

NPPLOYY MIXIN YIDIWD NYINN TPXDINT NHPMP ORIDIN DINNA >NVINI OON
EU mypna Tnyd 00w NOX DAININ .0YNRIT 2190 NpXTa NN MININI
200990 MmN MTNYS nvann Regulation 2017/745 (MDR) or 1ISO 10993

M0 HIR) FDA-N YW 02901 ©X01TIV0 DM ,90NI .00 1IN VT
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2YDN PIVA MLIAN NNX NI NI2N — Protofab NN

PINTIP D720 — Sindoh NN

.Low volume SLS printers DMDTI NNNDNNDN ,NININ N3N — Sinter] T N3N

PINTINITINI ,TNY 239 NI Y791 1357 NN HY DIINIKIVID MMPYY ¥21a 192NN MNINY ININN
SOMYNIND 1PN TUN 0MTNY DIPIINR) MNNNINN 9272 193NN MIIYN HY DDIANN ,TIY M%)
IN,)PIN2 IN 1919, UNNNNY RIY MNYY 1IN M9¥N .N9aNNSY NNVITVWA 1IN INT 1IN 5953 BN
IN/Y PINPON 1Y% NTNIY IN DN ,0MNY DMNINN RN ,TINNY 2951 NNY 12INT WNNNNY
M NHR MYNNNN IN/ DNTY DIINNN NTMY SR IN/ YITTH PIIMN MY X IN/ POY

3915 29 9902 0OVNNN )IPVN

NN¥9N PNV

DDOTN YWUN)

YININ P NYTN TNYD N92NN NOIYND DX NNN IN NPNYN NPX NIANN ,NITH TVIND
MDITHN N 7297 .SLS NONYNIVI MODSTN 3I¥D OEM NMHIVIVONIA 1919 NOTNN WK
MUY HY DI TP ¥ 1970 NNN MDITH DINNA PIYN Y9220 DIINY .Y NN VYN
YN P2 MDNNOINR DY TONN 5910 1IN 99D NPTNN PONN TOUNM 0V MMPNN) DO
TONN HY NNYNNA DNNOYND 1952) INKD I8N DY NOSTIN NNNOVIAY NIANN DY NOSTIN
MIVNY NOITNN YNI NI DXNNND 9DIN NHANN 1IN DY NNMON XN NITY MISNVINND
,MTN TYIND .MOATHN )IN NPINNI NN NP NMINIPOHY 13O MOATH NN .JIND NN
DY NOVYNN IR TPNTNOV NPNA TNND T NON MOTN )TN 10-3 DY DIWINI NXNNI NIAND
DN HY MDITNA NN NNNIY NDITHN YR 1Y

MDATN DY NN DY MDDV NIV NMYS DMNODN NYIYY DY NHNNN NN ,MTH TYIND
192NN NPIIND DAY, NP IIND 3D Systems-) MO Voxelsint , 117319310 EOS — 7190 NN
NN PYTAD NIVNI NI DY MOITHN 12) DY 3DM DY NOITIN YR DY MINNIVIN YD
TVIND INDN DIDN DY NN RYN INPPY DT AOW NNDNND 919521, MANMIVNT MDA THN MWIN2
MDATH NP DY DIIYT NI PNNPY 3DIDN DY NINND OTPNN NN NRYN) 1IN ,NITH
GoMN T2 MODATHN NP> DY NN DONNN DN N2V YNMY .MADN TN NON
.172NN NNNNY NDOTNN YR DY OININIDION

MDATN AN NN MYNNHNI PNMYYNN 7DD NN MOITH PIVA NN YIDIN NIANNY DI
N72NNN DMMIYIITY NN NONX DNINI MDD NIAND INNVND MIVY ,PIV 92721 T NON
YNI,172NN DT 209901 NYTN TYIND IR NNIIYY .PMDIDNN SINMIYHYN NN NNND NN
NDD MWUTN WATY AN ,NINDNNA MM NNOYND 91952 ,NNND MAN NIANND DY NOITIN
.OYIN NTINN DY INX TPMINN NVITVON
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21051 NN .IMIANII NIAND TPHRTN NI NNIVHY ,NPPINY NN NNAY NHANNH NIMNHD2
DONIVII DIDINA 197,7173D)2 Formnext NNNT OMNDINDI MDIYN) DXDIDA NIV MONNYN
(white papers) D>1INND DYDY DIWAY NI2NN NIND2 1D .1NHANN NNNNNY PNTNOVI DIPOIWN
20791 ,172NN DY NMINYAN IPNNN MIIND PONNY ONMNNDY ,HHI1 MDYHN DINNA

NPTV NI MOITN

YN DYDY MYNY TN NON MOTH DV XTNY MNP NOPIWVY NIINND NOMIN ,MTN TVIND
MNSDIN MY ,TAD2 NWNHNNND OWY TN NPYINDY THN D11 PIY HNONIVIS MdYa NN

NOATM “°D»YY) NPLID NPHTH MY, NN NNDIN HY DPNWKR DAYV MTH TN
99190 ,TPIAN NIVN PIVA NHMIND NI NDN DY DI .07 M) NYANN DY MII1ANNY DNINNIN
INYIY NNPN L, NIYRT 25W 1PN ININRD DNIND MIWIN PIPY IYSHN DDV 22N DN MIVY
HPOON MM MIYNINY NN NMNIN NNPN MY 2OV, NIPYI MDD DMIPN NN
MISNN NNDN N NDITN NNPINOVDS NMINAY DXTPN 25Y . MPTH JMINI MNIPHY MY
INIT MO NNV MIINY NP IVNNWN DY NIV GNYY NIINN NN SN0 DIVHY
TV MM NXIAP NIAND NNOPN DM NPDID NDHTNH DIV, NNNTI , NNIMNN NNOIN

.(Anta DW2 PO DHY) NIIN) NP WNHRNWNI (Evonik, MechNano) D100 718 NHHION

9.2

99101 MITVONRY NYY NN N¥SHNY PISYN MPAY ¥MA N9AND MNINY MIIYN ,IINN
1921357, MPI9N DINNA 1Y SPNY HY SINIXIVIDN 4P51) 195 595h1Y ¥)132 191 DINWH 1991 SpNIYh
DOPINY TMNNANN 9372 N9AND MWD HY DOIANN ,T9Y I PIN NN ,PNY 539 NN
DMWY 1IN MIIPN .NANN HY ANV INY INT IPN 5992 DN, OMUYNIND 19 IUN DI PNY
019353 ,099W D3NN ARYINT , TIMNY 2951 NIVY J9INI WHNNAYIN 1PN IN 1913, Unnnn Nov
YIPYA ATNY IN IN/Y 09993 1PN 19950 DINPY MY ,MYI¥9N DIND HY 197 SPNYa DINPY
AVN MYNNND IN/ DN DINNN NTNY SN IN/ WITTH PN MWD IX IN/ PNY IN/ MNaN

919 29 95303 DXONDNN PNISON 3NN

9901 YT DY NMININKRN DNWA LIVIN NPNMYYNN T NONN MODITH PIVA DO NIAND
192N0 NPV MINN ONNN DPX NN DMIN.3D Systems-) HP ,EOS DN DIDITY DI
DYNN9N NYN OIINY  NINT OY THY . T1970 NON MODTN NI N ONYY PIDWN DINNY NN
19 NOATNN YR NN 1D Y9IN NIANNY 1IN DY 1993 (in house) DNNYA NDSTNN YN NN
2VNY DI DY NDATNN PYNRID IRNYNA NTY NNDN NNNY POY ,NONR DNIND MNP
DNY NMIYIRNY MVYTN NOITN NPNINIV MM DY DXTPIY NON DN PON ,NIINN DY
L0200 T DY NNINNA MINMIdNY Y3 IOX NPNDNOL .PIWN 180 10 N Mvn Nnd

mHnn
10.1

.10

T MY DTN PIY ST, TN NN NONDNIVA OMHYI NPYID NOT MYYY TN PN DX NIANN YV PP NoND ornna 0
MDATNY NYITIN NOXYVIAPN NYPYNN TO TWYNI , 0098 MINT TINDMI DY OIMY NDATN NAY MV 27NN IDYVT TINDI 10 7Y 5-5 5y
L7NINADYT TINDMD 5-5 NN NNND
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MM DY NTPIV AWUN ,PIVN 1D ,EOS NN N1 79D 10T .NI2ND MINH INNY NMVY
NINY DY TN TN ,1PINDN NPYIN R MTN TN TURY, DY YIIRD NN IOITOIN MINDNOV
DY PNYNOLI VINOY MVYYD NIVN TINN ONDNOV 97NY DODN YY NI1ANN DY DINND NN
NPINDNN PMDSTHNA NHANND

NINSDIN MINNN 127D NONA NOTN NPNTNOV YNV MNP NITN TN ,NH1aND N avnd  10.2
D098 NMIMINNNND MDD AMWHN NDSTN ANPY DNV JPHND WX MY adwa
,Profusion®® N30 EOS N12N SW SLS-N NVYWA T NYNA NOTN NMINDNOV (R) : DONMWYN
NOYTN OMIWANND L(IY 929 NDN) DNVP DMIIMY DY DT TIVHI YINOY NYYI NNINDNI
N2Y YW NONR INDNIVN NYITH TIIND ,NIINN DT> 20D .PNN JIPINA (TIVA NIINI) VDI
YT 20DV )9 1D .NDITIN YR DY NN 1IX» NPIDY NIND 11792 PIVD YIND NNOINN
PUNNND OMYHNYN YoN 1Y 9292 VWD I8N DY NDIANND pHND ,MTN TND 19ann
175 .QCL NON 112 VIOV NNXTN YIIND 1NN N TY NNYDNN NIANNY DININN DY 220N
9290 DY DHN TN YOV ,DIDINRNND NP 1IN NODITNA BN ININD POIND ¥ 13 NVIVA D
DM N NVOYA MODITN DY IMDY ,NIINN NIIWND ,90N PPV NYDIT DRMN IPN MY
DNIV (2) .PIVA MNMPN TN NON MOATH DY NYNPNN MYYY IRNYNL TIMYNIYN
VIDY NWIY N INYMOL LStratasys Nra EVOLVE NH2N NNNSNY 1O nNYNI NOSTHY
NOSTN MW EVOLVES myvd )t NVOva .100 NON DXTY MTMNNDD TOM-1T NIDSTNI
YPON ,NYTN TVIND NIAND NYT 2VNY TN NON MDITHA DY IDNNN NMIAY MIPNNI
MOITHN PNND IRNYNA TPMYNYN DXN12) 1T 7PNDNOV DY MODINN 1D NON MOITH
DYIXINN INY N PRI OHYA DN DXYIAPNNN DININD LN PIVA DY DYNPNN
D191N0N DN XD, PIS .MMM IPNNT MY NINDNI N TY I8MD NNYONN NHANNY
2YTAND NP MIPYY NINY MODHTH DN DNY NN NIINA DXPY DMINNND DN DOYH
LY NON DMIN ONX D) ,TI9D .MDITH NIND NPIND DXTYPNN NOITN PYURY NIMN
NPNAN MYNPWND ,PNINOVN NN INDND INMNN MOITHN DY MIDNOVN MNON NN NNYNNA
MMPY MY DINN MODITH I TN 192NN DY MNIPD P KD NON DMIOYW NN 192NN
OO NON MOTH NINMN NPN EVOLVE NIaN 2,01 1YY PN .1IaNN DY DOONINIVID
NNNNY NOATNN YR DY TPORONIVID NMPY NPXR NN NDNNIDNY 7D ,SLS mondnova
.172nn

277N 9T TINODND 1.7-99 919 MY SLS NVIWA TN NYNN MO v 22980 MnNd 10.3

PIVN DTN YD NDMIYN NN 1ID) NOATHN MOYN 20-25%D DNNN NDITNN YUK .2024 MVAI
I9YT \PYMI 425-5 P> 2024 MW SLS NVOWA TN NYN MDATND M2 NOITN YN DY

50 https://www.eos.info/en/innovations/3d-printing-of-the-future/laserpro-fusion
51 https://www.evolveadditive.com/
S2https: //7www.globenewswire.com/news-release/2020/03/02/1993819/0/en/SmarTech-Issues-New-Report-That-Projects-
Polymer-3D-Printing-to-Generate-11-7-billion-in-2020.html
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L, PIY TINN NOWOITINYN PIVN NN DX TIYND NN NNDMI PR ,MTN TVIND .MV 27NN
.DMIPD Y9 MNDNOVN NNDN 19 MMM IPNNN DY INDNNL ONNYWNY N952) INNYD

NN NI2NN DY NOSTNN YN DY NNND NOTIN ,NITH TVIND NNOIYNDY 19NN DT 20705
19 NODTNN YR 192NN NOIYNY ,MNIN NN DOWN NIANNY D35 ,MTN TYIND T30 .1Pwyn
2 IIINNNY IR NN MPND OWYN KD TY WP 7PTY ITIND A1) 7P DNMINP

, DTN MIN»Y NPT MINNN ,DMOY) NPIID NOSTN NHONT DOTINM DIPIW» DY MYINONA
NINT) OOTIY MOSTN 1IN (3D Systems-1 EOS 10IVT) D) MDITH 1IN DIIMP TWUND
9% NOSTH MY W) NI2NN DY NDSTNN MNDNOVL DY > INNN NI .(Carbon 3D NN
95 DTN MYMN) 191,PIVN MYIITI TINYY NIIND IWINY DT IDN? PN SARNYN JI9INI INY
NINON HYA DY 1IN MM DY YITI NN ROW )PIN ,NPVMIP 1PN 1 MUY SVDYS 1IN
TINONOV MTYOA NNMP I NI .WTNN DN IIND I1HN NPNR DY NNRND TIN INY MV
:QCL N

Nn"MA NOSTN  N'TIV" NOO9STN

N09TN NZI9N
[nyw'? ni710]

min X77 nivy

. 6 0.7 [n710%7 1711]

NNI7IT

500 75 100 (N7

2Nl nJinl nniaa DNNINY NiwM2

NOIY Y791 1350 MIPPON DINNA MINH DY NMMTTINNN 2297 1IN 9372 NN MNIN NPINN
DR MNNNONN 9372 NIAND MIIYN HY VOIANN ,TIY 7Y PINA INITHIND ,TNY %9
YR MIIYN .N9ANNTY NNVITVA 1N INT) 1N D052 ONX ,0MUYNIND 1319 TUN 01PNy
0999 INSIND ,TINNY 2951 NNY 1DIND WNNNNYIN ,IPIND IN )91D , WNNNNY XIY MNYY
DTIY ONIN/Y VTN PNAN NIYN N IR/ PIPY IR/ MNDN YTY2] ATNY X 0N,V

3919 29 o302 DIVINN PPN 1IN NPIR MYNNNN IN/ DAY DI9NNIN

28 513

10.4

10.5

TV MTIN DXVID .MM IPNN I7IXY DIV AN LYY ,DPINID NIXMY NN NIAND ,NITH TVIND
A9N9 14.3 PYO IR LN P NNPAY YINI NHAND

NN YPNHN

D732NN DY MIN’OM IPHNRN MDY IV NPPD
SV NNNN NIIND 2016 MY LOMIX YTIND MNP IPNNN MDY NX NYNN NHann 12.1.1
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NOATN YNRID (NI NNDIN NNI) VIS NN 71PN NNNNN NN TY> .AND NIV

MNTAYN DIV AN NOSTH ) DY ,NTNa NN 772 QCL non 9 oova by

(7PYUNRIN MNDN 17 1 1OND) 1ITHN NDITNN YR DY MDD NNITND NNMOY

NOATH NN’ NIANN ,NT 2DY NNDNA L2018 NN WTIND HVIN NYRIN NMINDAN Ty

NMDN DY NOTN YR TN 1POY 171 100X 100 DY 511N NOSTN DIV DY NdPNTIYNI

T NOATNA NYHRNYN NHANN .ORN 1.5 Dv paona 112 QCL 99 1) NN 1D

N2 19N 09N MIN) PA12 1010 09 90N DY DMWY DPHN NOITH DY NNXTND

(10 NoN NOSTNY

NN HHIYW NIN NMIN’AN 2DV NN NIAY,INDNN NTWRIN MNP TV VN INKRD

MOATHN NMNPN YIIR HDI1ON MDMIAPN NDTH YRI DY (NNONN NN NNII)

NNONA NYTND MYINN PIVNHD NNIT I NN NN .NOSTHN INIW DY apna

IDINA VTNNVY TN N7V P 3.165 DY MNP XPN OY MPNNHD MHAN NN

D>11MY MY HY SVNN NN YV 19 MIPAPN NDTN YW NDID NN NNINXD 1N

YN L(79WN MNAN 4”7 1 1OND) MMINND YAINND NNX D32 MOINMP NNORD

AW TNNY DMV TPNTIYNN NOITIN NNV 1) DY JPMM NMO NOTNN

TN NI2NM 2020 NN WTINA NNDNNA DOVIN NUN MNJON DY . )IWNXIN MM

) PEBA (1) >0053 9m0) TPU : nodyT ©31mN 5 209 1900 9y 7PMIXSIN NN

oya Polyamide nnawnn 9mn) PAL1L -y (P)2X D7aN NININ ¥Ry VoY

(DM9WN D)D) DWW TN DM NINN NNV

779099 TYPNN YINDN NOTN YR NN XN NN NN INN XIN MM 15V

(7Wr5un MINON ADY 1 19ND) MDTH NN

: DYNAN DTN NN DD OWIOvn MMM 1OV

;997N 2-2) (D1227ND VRN 2) TN M) PADNA DMIMD DY MM (1)

TPVAN DIIND DMNY D) YITIN NIWA DMIMY NYAIN HDI1ON NN WX M (2)
TN L,NT POYY L(NDSTN NN POON NI2IND) DNN NPOIIMNMP NN Y125
5S¢ N NOITH NVLWN HY DTN NDID Dy NMDN WX DY MNP HH5 yapiv
;1N 551 10" 150-200

YNNI 92PN DAY MMIN FUNI DY WITI 1901 DI 59151 NDITH UK MM (3)
; TMIIN OYNRI NYIIN I P PYRIN 2OV

D5 YW NOATNN MIMN DY OVLINT NHNRNND NIM NIN TN DY M (4)
TN MMIND IININ NYAIN DY NN I0I1DI) TAN NOTN NOLWN 1 TID MMOND
; 2°2P02 MMDND DI NITYA TN PON DATNY 7PN 1NNV I, TNIND

NOATNN WX NNXYTND VRVYNY NYTN TPNTIYN DIV AR NOITH DY MM (5)
NNINN NI NN 300X300 H TN YDVPN NOTN NVLWN NIION PNMOWYNN
WYTN DYTN NIOON

NNYTND MYIN NN NN NIN N DR SWIHWN MNYON 20¥ NIDNI MMNON VP
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NN VPN .NPY DM 7.9-5 DY IVIND DNPN DY MDPNNN MIAN NI0IN NNONIA
YT TYIAD YSANHD VTV INNONI MMNIN TONNY 2020 »NY wTHIN2

A5WY 92NN NX NN N9NN IR SWHYN MNdON 2OWO 2apnay ,MTN Tymd 12.1.6
SV NOATNA NIANND DY MMM IPNNN NN DY NPV INIVNY NI MNAN
JIVRT INDN VIDMH XY PIVI MDI2II MOTH NN

,ProtoFab Y 2»nn XY nND 2n5N0 N1ann O8N YApNn 2020 08N226 OV, Yy 12.1.7
YNNI NN 25WH 190N DD NS DITINN PAD 110 11900 NON MOITH NN
.ProtoFab n7%»nv 7m0 non mMoaTHna N72ann NNNLY NOSTIN

DWW PNPY DODNA NIAND NIYPNN 2021 H2NNT YTIN 209 VN9NOD 1D WD 12.1.8
TN NON MOATA HY P N¥»A NpowN ,m»on VoxelSint n1an oy »monov
N01N) SLS 1mmnonova »>n»uym MNon  vindwo mnTpnn  npvoomnan
MNNNNN NN YSAN NINOT,N2WHN NNOY DIDN 19 DY (111 MYNNNI MDVLPOD
nPNINY oxNNa (PLS400X 0X7) NNININND NRTPNN 7DD NON NOSTHI MYITIN
NN M9 NYTNN NOTNN YR DY NYNLN TWIRD NIVNA,NIINN DY MNP NNY
MY NNODNI NIV NIOY (7NNIPDNN NDITNN) NNPND NDITHI NHAND DY
YT TYVIND L2022 NIV DY NTUNRIN PINN TONNA DONNND NN NNIPDN)N NOSTHN
Tonna nonn Voxelsint n9am ,mynvnn 1NoN PYNN DR IOVYN MHann dnv
YTNN NOATHN OXT DY NN

EOS nmyan 2% n1ann P2 5150 Nows Hmdy 0500 0NN 2022 INMN291 1 0va 12.1.9
S5Y D2 NOYTIN PN TN NONN MUITH PV NYYND NAYNIN ,NNINN
YONY DYTTNN YD ,¥aP) DODNA DMLY DAY NPIOVYN TN NON MVITH
172NN DY NHWTNN NOITIN YR DY (NYNVLN) MINNIVIN YSID NIVNI NS DO
SV N2>202 NAXWNN NDTHN M NN PNAD N Dy EOS Sv 11500 nON noatna
MY HY NURIN XN TONN2 DINNND NN PNNVIRND TONN .ONMWYN NOSTN
DXVITIV DXPONN NXN MYNLNN NONL DINNN TMINAND PNV MTH TIIND 2022
.EOS 5v n0a115 112NN S¥ NOSTHN WRID NHXNND

3D 113N 2% NHaNN PR ONIIOL DD NMY 050N ONN) 2022 XN 23 02 12.1.10
SV 0YIY2 MZ19N NPITXN NNND NIYNIN THRPINN NN 172N, Systems Inc.
3 ,¥2P) DIDNA .VIN NPNMYYN TN NYN MOATH H¥) 5952 717D NON MOITH
(NYNVLN) TPNNVIR DN VIZMI VPN YN NIVNI NDIYI DN’ IANY DITTNN
1 5y 3D Systems 5S¢ 750 NON NOATHNA NIAND DY NYTNN NDITNN UKD DY
VPN LTPIYYN NDOTH DY N0 NIADWNN NDOTHN NN AN PN
.2022 TV TONNA YSINND PIINN INNVINRD

M IPHNI NIYPYn  12.2
025 MM MNXXIN MININ XD NIAND . NNNNN NY2 TOAN NNID MIAPTI MNIA IPNN NMIRNIN
N2 VNN SN
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MN9Y IPNN PPIVNA

PYUNIN WTHN 92YYY) NRWTNN MYIN PIvnd VN NYann nbdp 2016 mva
NN NOSTNY NOITN YN NN DY N2ION 712Y NNV MNHNN DIVON NIDNI
PIWNN” —10NY) (DXVTIN 24) MY NNV SNV NYYWOAON 2,500 TY DY 1XPNA ,TIN0
»17,85% 1PN NIVTNN MY DY MANNYNN NIV IVIRY DIXPNN TIND . (7)PIWUNRIN
AND NIV MANNYN NYVY) IND NIV MONNIYN NIDIN PIVHN XN .N7Y 2,125,000
5y 192N AN L,(N7Y 295N 375 3P, DYRIN 23y10N XI19nn 15% 110 DOWN NHMd
JNYTNN MY ARY NIV NYDPY DIRNON TN ,NI1IN2 NYPYND ANY NIV O
7YY DINONN NNIVTNN MY DOV NIINN NN NIPNN NIYTNN MY MANNYN
DX NPINN (MY NDY N IRWIN VTN DY PN WYY TinN) 3% S
MY T 5y NOINY MNP IPNHN NTIAYN DIANN ,DOMIPYI NNPY DO TNY
M2O¥9 NNV SNYD 51 TIND .(IDVTD TIIN) DIZON DY RO NYIAY Ty MIVTNN
NIDN DX NIIND NNINDNI NIYIR NNYTNN MY 2018 91981 30 OP2 NNMNON
TO (MTPN 5912) NMIVTNN MW NI2NN NDDP 2020 12HXTA 31 DY NI) .XPNN
(WINY PIYHNN DIDD NIDH) NYRIN PIVHRN NNDNI N7Y 9N 2,125 -5 HY

MNNPND 290N NNON2 NIYTNN MYIN NYNX NI1INN NDDP 2018 NP wTiNa
PIVNN OND) TN NYN NOITNHD NDOTH YN DY NNON MY 73yNnD NPNIONOVN
MY OONND OXRNNA .Y NNV ONYO NYY OAON 3,166 DV NPNA (79WN
NI IWIRY DIPNNN 60% DY NV NI ANYTNN MY NPV, NNYINN
MY 0OV NI2NN DX NMNN NNYWTNN MY MIANNYN .NI2NT NIYIIND YINN
1230 X2 IRVIN ADTN OV PN YYD TINY) 3% DY MW ONONN NNYTNN
MDY IPNN NTIAYN DIYANN ,0XMPY) NNV, OO TNY DXINII NPINN (MY
31 OPY TY .(DVTD TN DIDDN DY KON NYID TY MIVTNN MY > DY NINY
1,899 -5 5w 702 (MO TPN 9212) MIVTNN MYIN DXPIYN NIANN NYYP 2020 12087
L(AWINY PIYHNN DIDD XIDH) NYN PIVHRN NNDNI NY X9ON

MNNRND 2901 NNONI NIVTNN MYIN NN NI1INN NDDP 2020 MY wTiNa
PINN” :ONY) TN NON NDTNID NOITN YN DY NMIDON NAY PIvnd NPNINOLVN
2021 NN YTINA NNMNDNN NNHPN NYY SAON 7,943-3 DY 1IPNA (W Yn
509 YV MYV DIIN INWTNN MY NPIYH ,NNYTNN MY OONNY OXNNA
N21NN ANYTNN MY MANNYN .NIINN MYNIND JIIIN NI IWINY DIPNNIN
SV POON YYD TNY) 3% DY MYV DMNONN NIVTNN MY DOV 17NN NN
,DOMPYY NNPYY ,0OTNY DININ NPINND (FHPMY NDY N IRVIN AT
DY2DN DY RO NYIAY TY NNIVTNN MY YT DY NNDINY NN’ IPNN NTIAYN DOYINN
9919) MHYTNN MWYIN DXPIYN NI2NN NYDP 2021 92NNTA 31 OV TY (AT TNY)
PIWNN NN ,MITN TYIND SWI5VUN PIVHRN NNDNI N IAIN 2,221 -5 DV TO (NNTPN
NYOAON 1,751 NN YWIHYN
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192NN L,(PURIN WTNHN NIWH? 72YW0) NNYTNN MY DY DYPIyNn NN NN
Y 92NN DY MM21NNNN Y2AN52) NNYTNN NIV YNNI WAPIY DONINY 19190
PN 2 OND) 1984-TPWN ,NMOYYNA ONINNO0 NNWTIM MM ,APNHN TIPYY PN
MY > DY NOMIY DMINNDY MNNNY ,09955 101,19 DY NMIPNI (7AvInn
NYTNN

DMDNN DVYNI MIMN INVIND MYI NN IN MDapnn mMHan Yoo
TO ©DYND 1Y NN, DY NNPNAY NIYTNN PINT DOWNAPN DN 1PMIDIONN
IN IOV YWY NTANM MDD N2 NOIDINA NIVTND MIVIN 1HDDPY NONNN
oy DIND MVY ,9INY YT NYAYN DY DIPNI ,NNNTY .DYDN DIIPNI NN NHYND
TV YIND D1 NIVTNN MVYID INNN TO NHN IRNINIY 901N DYYN NIIND
NN TON NN XDY) N2> NADINA MYIN NIHN DIDDN NYIY X9 HY DINYOPNY
N (MIYVTNN MVAY MWW DNDNNN NN (M2 NODINI) HVva bapnnv
TO NN IRNINIY QDN DIVYN 5IND NYY ORIWD NIND N¥» NIIYN HY OPNa
259 NADIND MYIN NN DIZDN NYIDY 29 DY DIDOPNIY TY YNIND 51D NN
NYTNN MYID DMDNN NHRDIY DIV 752991 MDIDN 1PN DIV NIANY ,NYTH TYIND
NN NYPN Y722 YW MMDTN 220 MTNPH NIXNN NI2ANN DY MON 90102
WIND D92 MON MY L, (7995 197 1 1OND) POPYI IN PIVINII ,NIYTNN MY
NN NNONI,NT PAYY .NIMY NMIT NN 1) DRIWD IND THMN YN NI2VND
YT DY N IWINY NAVNN INVON MIXNN DI INNR RIND NI2ANN NAPNNN OXPINN
DYYOY DYTIND PAYND ND 19) DYPvnin NYIDINND NNN Y51 MIVIND MY
IPAPY N1 NMDT NN IN POY MM DX IR THNN YN DX (D3 IN DIINIWY)
NNIYTNN MY IPNNN NTY NWIR XOY NPIDIND NNDNI NN IPNNNIN NT DY
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A 3D printer device utilizing at least one
Quantum Cascade Laser (QCL) image head
having at least one beam focused in a focal plane
of the device for building on a surface of the
device a 3D model of a target object from a
digital image. The inventive 3D printer is more
compact in size due to the use of QCL image
heads, which provides focused wavelengths of
QCLs matching the absorption properties in
plastics for more efficient absorption of the
radiant energy. Each QCL channel power in the
inventive 3D printer can be doubled by
combining two lasers with a polarization beam
splitter. The QCL image head is provided with
Pulse Width Modulation (PWM) for
compensating for imaging speed. The invention
includes a method for scaling up the building
speed of 3D printing regardless of detail level.
The invention discloses an affordable 3D printer
using QCL technology while maintaining high
standards of resolution, use of quality materials,
and rapid building speeds.
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