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WeldMaster Inspect for quality assurance
Lack of laser powel m Seam inspection by laser line triangulation and grey
AL i scale illumination
: m Combined solution (WeldMaster Scan&Track | Inspect)

m Usage of the coaxial tracking camera
m No additional inspection station needed
m Check of

laser power 0.5 kW T - 3D geometry
i satl e ol ) } - Mismatch
- Seam width
- Pores and holes
L i - Notches
ket - Gaps
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Manufacturing USAMEFZR 48

Since Launching in 2012: g 6 @ 9
= Over $1 billion Federal funding matched aml ATAA ﬁlMADE
by over $2 billion non-Federal funding AmericaMakes o a2 L)
* 1,300+ companies, universities, and e
* non-profits involved Additive Robotics Integrated Recyclin,

= 46 states participating Manufacturing Manufacturing Photonics Materials

Youngstown, OH Pittsburgh, PA Albany, NY Rochester, NY
®

nexTriex (N Y W ‘;
@,
Gt ‘

Flexible Hybrid '\.‘ .
Electronics %

San Jose, CA @ DMD"

7N ©
Tarmi

Tissue
Biofabrication
Manchester, NH

r & ©
Fibers and
Textiles
Cambridge, MA

Digital 5

9 Manggc(uring X ——@

X @ and Design .

syant | Chicago,gIL .,
1LRAPID
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Process
Intensification
. New York, NY
.

®
NI:MBL

Clean Energ)

Lightweight
Los Angeles, CA Metals

Detroit, MI

DoD e 8 Institutes
DoE ° S Institutes

Doc ()| Linstitute PoweRAMERICA Biopharma
Wide Band Mﬁnufac(u[r)ié_\g
A ide Bandga,
A a ManufaCturlng Cg%,gggie!gs Semiio_m'i,uc ors awark
== USA® 0ok Ridge, TN Sacionte
Vi -\

*States in purple have participant members in Manufacturing USA Institutes https://www.manufacturingusa.com/institutes
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HIF 14RO L D, TWE L 16FRARMBIHEm

Yok 7 O

Tt —

America MakesD A IN\—Sr T

Siher  Gold -

$15K $50K
Access to new R&D funding through networking and resources
Access to member-only data and resources (Digital Storefront)
Access to America Makes intellectual property (IP)
Access to consortium developed intellectual property for R&D
Lead project teams in America Makes project calls
Participate in America Makes directed project calls
Receive PDF versions of the Wohlers Report 1 1 -
Participate in the America Makes @Program
Access to discounted or free services (Service Vouchers)
Attend member-only events
Participate in America Makes Roadmap activities
Serve on America Makes’ advisory and working groups
Gain priority placement of interns or fellows at America Makes
Embed employees at America Makes faciity
Use of consortium developed IP for commercialization
Hold Governance board seat
Receive complimentary silver membership for gifting Discounted
Obtain royalty-free use of consortium developed IP for
commercialization

A BFROSMEEIL2004BLL L, FREERILOIET.
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2) 1

BEBERITOLRICET I T —2ybOIEEEHKT 5T AP M Joint Metal Additive Database Definition

« wxPIE. %3534 F7 (Boeing., Auburn University, NIAR) TEOSM290EE% AL\ -TiGAUVEEDERERFRELT.
T—AtEybEERL TS,

Battelle - MMPDS

TOCzHFDARF—L

Boeing

Other Institute
Academic Partner Support

Machines (EOS M290) at three
locations are utilized to create
the samples used to obtain bulk
material data with metallic mate-
rials properties development and
standards (MMPDS).
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Lockheed Martin, Oak Ridge National Laboratoryftt

A—RLERGDFECHREEREED T5IL— LT —U%EET SHT04 5 LTONR Quality Made — Robotic Laser
Wire AM System with Comprehensive Quality Assurance Framework (2018-2020) |
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Wolf Robotics Laser Wire AM AT L

.

BARERDIL—LIT—IODEBEREAFTI—R

Task 1: Modeling & Simulation EAnalysns & Testj [Dala Analytm]

— 7.
{[Tbermal Modeﬂ Ellechanical Modea [Process Mapping A

simulation
‘\C Path Planning \

Task 3: Sensors & Controls

Machine Leaming
Emm Network Control [ Se“sm}

\\_/'

Task 5: Hardware Dovelopment & Fabrication

(ystem Integrat»oa [Fabncahon]

Figure 1: Overall process flow schematic showing the major tasks and
interrelationships. Task 6, Verification & Validation, will exercise the entire progrom

Task 4: Process Development

[Proccss Mappmg] [M&S Val-dabon]
expenmenlal

(Hi88) America Makes™ =741+
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ONR Quality Made — Informed Quality (2018-2020) |

o ETIL, Y, O, FEHOMEAEDEICKY., RETEERDRERKER/RICINZ TERLEDERERTEEET
L EETEM ¥ T2 (Integrated Computational Materials Engineering: ICME) (RGBS AT LDIEILZ HIET

ICME-Informed Quality for PBFAM

" GE Global 4-Year Program to Realize ONR’s Quality Made Vision,
( 49) Research including an industrial machine deliverable Program Deliverables
#P GE * Physics-based model set
4D Aviation Eavar Ouilily used for DMLM build file
B Lmanenss Livaruseio * Fully instrumented PBFAM
LA National Laboratory Physics-based Scan Feed-forward * Sensor-to-Model correlation
Honeywell Models Path Control * Layer gualn.y assurance
Model Tunine * Pre & in-build calibration
'a PennState - & * Machine status alert
i l Uncertainty
Laboratorv... /_ PBFAM Analysis
America Makes Active Process Validation Benefits of the Proposed
WA Sensors - _ Technology
% o Mackine * Continuous model and build
Relevant Prior Work Calibration PRI (I sl
— . improvement
* GE: AMPI, America * Reduced cycle time for part
Makes Scan Path Essential Experience and material development
(n\g;/\lcrmor e » Understanding of PBFAM production machines * Build and machine quality
: :)IS'U'. [())/;i:{[,){\(!(bl\?h * Bridging the physical-digital gap for data feedback assessment
s Bileyuct * Model-machine-controls knowledge for industrial parts| * Consistent builds over time
Enabled Man. Systems  \_ Y,

(4 82) America Makes™9 7 H A
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Additive Produktionstechnologien (IAPT)

N\

Fertigungstechnik und Angewandte Materialforschung (IFAM)

=
Produktionsanlagen und Konstruktionstechnik (iPK)

Schicht- und Oberflachentechnik (IST) =
Fabriktechnik und —automatisierung (IFF)
Z
Umwelt-, Sicherheits- und Energietechnik (UMSICHT)
i Z
Z . 4 Keramische Technologien und Systeme (IKTS)
Produk‘!lonﬁtechnologle (IPT) Werkzeugmaschinen und Umformtechnik (IWU)
Lasertechnik (ILT) Werkstoff- und Strahltechnik (IWS)

Silicatforschung (ISC)

N

Z
Graphische Datenverarbeitung (IGD)

Z

Produktionstechnik und Automatisierung (IPA)
Arbeitswirtschaft und Organisation (IAO)
Grenzflachen- und Bioverfahrenstechnik (IGB)

Z =
Werkstoffmechanik (IWM) GieBerei-, Composite- und Verarbeitungstechnik (IGCV)
Kurzzeitdynamik (EMI)
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AMZAS RO HI (futureAMFTAS T HR)

Limits of new technology

=

(=]

o

]

J:S Limits of old technolo futureAM Potential

g oy futureAM

g Potential

¥ of AM Technology

15) today leap

:g AM

-_E today

& I I i IV

U

Accumulated R&D effort

I: The general public  1l: AM first used in the 11I: Technology has IV: Shortly before the
is still not aware of industry, almost become accepted, technology is
what this ready for the core technology superceded,
technology offers market within a certain potential has been

branch exhausted

A PN =V TEREV. TSIV TA—LOHEIL.
AMTO+ERDOR7—5E) T4 £EM. REORLZBEY IOD It
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— kompetenzfeldes/institute-des-kompetenzfeldes.html
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Fig. 24 Temperature field at a selected instant during the printing of layer 33: Case 1 (left) and Case 2 (right).
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7 ¥ER2010-173058  2018/3/27 ?&ﬂfﬁ‘ﬁ:m’éhf:ﬁﬁ#ﬁ&(}%d)%mﬁ;ﬁfﬂzlﬁ(-ﬁiﬁﬁ#ﬁ’éﬁﬁl,\
=R ERY
8 H3%k2019/064745  2018/6/21 EREEBEMAERMRVZERMERAVTHERLIZERY
4@@ﬁbﬁ$:;mmm 9 #¥BA2019-035134  2017/8/21 HERBEMRMEEMRK. MBEMMOREST EZRVERERY
RETIABALOEERR
10 FB32019/039058  2018/6/15 #EEEMRAMEEN K. BREMNOEES ERUVERERY
MIZHO (HE)I3DTU 52— M=Kl OX&R) hitps:/nmmjx-dc.com/products/3d_printer/copper_powder.html 118
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2. IXER

BT BAFE RN

> JIL—T&=ftd®Taniobis(KAY) [dTaNb#H ¥ E#EFIZIK-THEY ., 10Ty TD—DELTAMAMEKREZE-TLNVS,
MERDOEESEIZAEA,

> b—R—TY 7 (BR) ETIRMKRZHRTEY  BEHMH T, TIRBEHEO TV RN ETHBNEL =L D DR,

> Alloyed (EED) FE€RBDOHEIZEHTETOAINEMERT 2A VIR TA—FREREDODAUFY—T, IXEEMN21.2%
FHELTULS, Hit- 70RO REILT 5V T+—L (Engine®, Architect ®) D IFH ., F—REBFFE MM FEEE
HAEHLE-EEHHEM (ABD®) ZHFH>THEY . CNEFE>THRELFH-LENIEGEZRTELTLS,

TaniobisOAMA#MES 17V

AMirinsic® SRR

- ERAAUTIUR
« THAUBREARRSNIETHE AR
« EZREBEIRICEITEEMEREMERE

© SR &M ERT
- BEERST

« RUROHARFZLAFERAIVTIUH
c BENRLESBEETLELT OIMMAR

o MitE- it R AR &R (B L ZEF 5 AE)
- MEL. BIRE. &Y —THREM R (B ZEF

- BWREIREE
- ERAR

. M. SRESE (B MEF

Ta

Nb

Ti/Nb/Ta

Ti-42Nb

Ta/W

Nb/Ta/W/Zr (FS85)

TilTa XBEAF M

Nb/Hf/Ti (C103) XFE% &

NIVrOE—EEMER
XBAF MR

© SR &l AR ®

B A®)

AlloyedI=&5#Ni& &I ABD®-900AM 1 DH

35w I7YU—123DiERH AIEE

]
—

IN-718

IN-939

* 2 TOERTIN-718FOBERMHERNTEDET,

VHEICEZENZIU—TFd

8§ 8 58838

BHIGH (MPa)

8

20 22 24 26 28
LMP, P=(log t[hrs]+20)(T[°C]+273.15)x10*

900 C TO R (MPa)

900°CTO/REMM(g/cm?)

IN-718X DENTZZREE

480MPa  483MPa

A I I

8 IN-939 ABD™900AM IN-738

202MPa
IN-TY

Cr 05fB(C & B MME{EE

...................

Kf(hrs)

MIZWHO (HE)TEEHERBER (DT 5—)mITEIK¥IRK | (Taniobis)
e [TABD®-900AM 3D 4—H #Fi=v4 LA % (Alloyed) ] IXERE) hitps://nmmjx-dc.com/products/3d_printer/abd900am.htm|

https://www.taniobis.com/-/-/-3d-.94.ja.html
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3. Avimetal Powder Metallurgy .~ ®finiE%is88 8 (JER)

==]E3| URL http://en.avimetalam.com/

Fe® SUS316L, 17-4PH (SUS630), Al% AlSi10Mg, Ti% Ti 64, #fiTi, Ni% In625, In713C, In718,
15-5PH, 18Ni300, H13, AlSi12, AlSi7, TC11/BT9, In738, NiTi, HX,
Corrax (CX) Al TA15/BT20 Waspalloy

Co% CoCrMo, CoCrW, CoCrMoW, Cu% — ZFOith | TiAl fiTa, fiw
Haynes 188, Haynes 230

EIGA XFe®k VIGA XFeZLI4} PA TS5XT7rhYA4X PREP
NHRZ LG KARRL G

20155 [T ZEHRE T M HEAM LV Z—T UL TRISN M B A—D— MR ABE-BREHRAITOERBMRMHMELEE
LTS,

ARt GEEENR) [T ROBFHMEARRICHY . Bt mFEIL£930,000m2, VIGA, EIGA, PREP., PAEDEEEREH R
(ToHNnTLS,

Bhi
(A \ D c A ~
) A EB ' N) Q Y CAMT
A dbsc @ maEc & S © A o
NAVIMAKS GROUP

MEEHR MXRT T hEER T NAVIMAKS GROUP FERR EFRIgHIELIFF 0 BExRigH RO FAREAS

> gyuna chm - @ Ssarran @Y DM
:NN: Desktop Metal

CHINA SOUTH

hEEE hizEEH hER ATV 7L T GE Additive =g B Desktop Metal

MIZWHO (H #8) T Avimetal Powder Metallurgy 1 (Avimetal) http://en.avimetalam.com/ 120
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3. Avimetal Powder Metallurgy .~ #6548 88 B (LX)

BT BAFE RN

> HRARAGHERFEERALTHY., EICMEXRRRAFISHHEEHELTOS, AMODIEANZMIM, HIP, L—F —R#IZH
ERAREESN TS,

> KPR TOTSLIFRIRENE-EELHY ., BREDERLBIOER OGNS, BIN—UTRURIEEICMZE - FH.
IRLEF— ERAGRFEZPOEREE -FREXENZ N EN DD, NHEELOENYIEBNAIREENH S, (F-1ZL
RAREFXROHEE L. AMEEICEYPTIELEESND)

> Za—RN)—REFFEERVIIVALCOALRTELTEY . REBRIEEFHFHLF(FUEF->TLSERKR, BRMEITED
FRADFEELHASNS BETEGN (00N, RALTINE) LOMN L, FHMTRF O M IEAEA,
Avimetal DR E & iE PREPE& D ARYY
i EEEOEE 50~80mm
EBEORES 400~700mm
—EH-YDOFTIER(?) >40 pcs
I 3 0~30000 r/min
WEHE 200 kw
RxE 6.67 x 102 Pa
ME=E <2Pa/h
BEH X (L*W*H) 8x7x7.5m

it 1
y
X -;.;‘ oy A

PREPETSFHEREEIREH... |

e

S

. £ JAMPT DR A 2 1%)

~ ! =5 Eﬁ - 73R - me
A GEE BRAY—Z>Y AT RIERY 2T s AR p70mm. [EIEE:#520,000rpm

MIZLHO (HE)THARE I (hHUERIERED)  hitps//www.avimetalam.com/product/51/
e [Powder metallurgy equipment] (Avimetal) http://en.avimetalam.com/product/531.htm|
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4. GE Additive (AP&C)

EREE
KE https://www.advancedpowders.com/

Fe%k — Al%  AISi7Mg, Ti% Ti Grade-1/2, Ti64, Ti = Ni% In625, In718
AlSi10Mg 6242, Ti 5553
Co% — Cufk — Z®Dfth | TiAl (Ti-48AI-2Cr-2Nb)
PA J5XI7rTA4X
B « MEBZEIIB:APLC (HTH) . EBMEEA—H—Arcam (R z—T ) IZ&HBEUERE T, 2016 FE M 5IXGE AdditiveD T

[ZADTLVS,

« GE AdditiveTIZT IL—TRIZH - EE - 2 —F—HR>TWB=H. MERDUS A IO -EEALZEICBEL TLRESE
T-oTUL3,

s MEDEEMNSZ(THFTFIZHY. £912,000m2iRIED R E TERBHIS0 > DEBMEKREEEL TS,

MEREERIBETIXAIT A XIZE DM KRBEDRF

(H#) “Additive Manufacturing Powder Supply Chain: Fundamental expectations for medical, aerospace and other highly regulated industries” (AP&C)
https://www.advancedpowders.com/apc-position-paper

Mw “Our production technology” (AP&C) 122
https://www.advancedpowders.com/powders-every-technology
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4. GE Additive (AP&C)

BT BAFE RN

» GE AdditiveTIZ. B MDAdvanced Plasma Atomization (APATM) 7Ot R (Z&Y. 100%/\—2 B E A S
RELE-ERVAVEREZAM - FEFLI S LT MEEFELLERLTERELTMRZEELTLVD,

> BITTIEZOLEEDERTOEATE, D EELYHBREEINIRNO, ERESCER T S-OIZF., U7X

MRDFIRNBEELLD,

> HLI-BEZHER.GE AdditiveTIXZIILSZ O LEEICETAIRITAR—NN—22FHTE5F. BREBHTILI=D

LHMREER fZPRLTLS,

HEHREFERITEITHEU TR RAME

100

MIM & Binder Jet DED

HIP

150 microns

PSD are available for
different machines/build

parameters 15-45, 15-53,
20-63 microns

APARMMD & & A A—D

WIRE STRAIGHTENER

PLASMA TORCHES

GAS EXHAUST TO
FILTRATION AND
RECIRCULATION

PRE-ALLOYED WIRE

POWDER COLLECTION

MIZHO (i) Aluminum Powders for additive manufacturing” (AP&C)

—— https://www.advancedpowders.com/download-aluminum-whitepaper Y& o> O0—K
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4. GE Additive (AP&C)

BT BAFE RN

> APRCTI. £E3DTVUAFDMREEICRE T SR M RAREMNIT

HNTHEY., BROEFHFNHBESLTNS,

> BIZIE 2021 FICFHMBRBER Tt RARAOEREMREM AT 5754 (US20210308753) IR TSXI7R<A4X
EERMARBEAESLVEDIRATL(IP2021169665) 1EREL T, T53AYTIRA XL bERBENMARREEE
R HE-HORFZHBELTLS,

> INOLDEFHFTIE. MBALE-ERBETSATDEMAEZNL, 75X ELBRDMERR. T5XAIFrU/NA—THAD
SRARV—AROEBREICLY,. EREOMRAEFEHLTIVS,

BEEMITOERAOERENRERE T SHE

108
194 I 174 108
“4- T»m; - / | W]
S| "
fj%: NS 12
NN J N ]
144 \\ <k /
160 N [l —
NN : //klﬂ 14
[T : N2 N =
S LN
Wi—-l T RS //A’//E/ N 162
- \\ /
166 | u = e
o . | 16 | 7
.
/ ( Fi6.2 7
1] K4 4
12 FI6. 3

FEHERESH-OOHMRVEBT L T)ELUHE RRMRERISFENDTSZAIFroN—ITFEL,
TIXRRICE O TERMEN=TSAIGICRMMKERE T D ETHRERRT S,

MIZWHO

(Hi88)"US20210308753 - METHOD FOR FORMING HIGH QUALITY POWDER FOR AN ADDITIVE MANUFACTURING PROCESS” (Patent
Scope) https://patentscope2.wipo.int/search/ja/detail.jsf?docld=US338557237& cid=JP1-LO8RWT-64658-1
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5. Carpenter Technology (LPW Technologies)

R
FrER KE https://www.carpenteradditive.com/
Fe% SUS316L, 17- A% Scalmalloy, TiZ% Ti 64, FTi NiZz In625, In718, HX
4PH (SUS630) , AISi7Mg,
15-5 PH, H13 AISi10Mg
(SKD61), M300
Co%k  CoCrF75 Cu% CuR(GEHETHE) 0 WHR.WCHR. Ta%k FEHETEH)
- GA HRT7rTAX VIGA
B= «  MHPZEZEILIB:LPW Technologies (¥ [E) , 20184 24§ 5% & [ A—H—Carpenter TechnologiesIZBE & . Rt DIERE &

3 EBPH Tdp S Carpenter AdditivelZ#i &S t=,
Carpenter Additive TIZMFEHMRDEERFTD (EN . MHEBETSVRI+—LDRE. FRHUEEZFELLTLS,

© AMUORRIEKRETINAIMIZHY . MHORENSZAREDRMIFETE—ELTITOTL S, SRIERRILH
46,500m?,

Lk S O HARBLIREKDERFEDERF

MIZHO (H#) “ON-DEMAND METAL POWDER” (LPW Technologies) 195
— https://f.hubspotusercontent10.net/hubfs/6205315/20200728-CA-PowderRange-Brochure  WebReadyFinal%20(1).pdf
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5. Carpenter Technology (LPW Technologies)

BT BAFE RN

> Carpenter Technology Tld. M RKDHRAZLREAEPTIIAE—ar BRER TOAHE. RETAMREHLT
BY. BEO_—XITH>I-REENARETH S,

> METAMIBWTIE, ASTMEZEIZERL THRALAGEEMARRBEERLTEY . EEER TOERDSE R
IITTWLWA,

Carpenter Technology [ZBITR DA A— SHIEE OH
R | - REMHRBAEILIBE. ERKROSH

o ARSI AVFIHR—3VRY)—=2% (EDX)
« ICPILZEA T
© AT v—HEEICKDKA I
« RENF/MEEE (ASTM B212)
« RYTEE (ASTM B527)
« R—J)L7A—(ASTM B213) h—=—"70—(ASTM B964)
« 5B (ASTM B214)

L—H—H A XEIFIZ&DHFH 1 X5 % (ASTM B822)
o INGFE—AA—=D % (SEM)
o MRETE/ZHMEAA—D T (SEM)

« ) » EDX: TRILF—D B EXIEAN T
MIZWHO (Hi#2) “A POWDER-TO-PART CLOSED LOOP AM ECOSYSTEM” (Carpenter Additive) ICP B ATS X 126

— https://www.carpenteradditive.com/powderlife SEM: £ & E T 54
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5. Carpenter Technology (LPW Technologies)

B BASEEN A
> Carpenter TechnologyTl&., /38— RV BEIET B ERY/\—FyF¥ 5 Y1) 12— 3> Powderlife]
ZiRtt, SDTUURICERE. B2, B DEMICHREO—FTEHIENTRETH D,

> BEINYX T RT—av(c&kY, M7 E4 LES005 o903 2 5EHE (80%HE)L., DT AN EEMRREE
ORMHIBEZERRLTNS,

> EOSM400%I(EL&. ¥R GEhEIL-PBFARXD3IDT) U AICA—F T 50D AU 3T —R%&HZ D,
> Fr RYN—RBFIBICGRELTER- BRSNS TIRAFVIREDDREIRICTEN S,

PowderLifed)I:*“/X-T-A PowderLifeFI FABRFDHRF

achin and build

Virgin-add

«@-u

Pre-charged hoppers

et - mm

High Value Waste

— 0 = |

MIZWHO (H #2)"POWDER HANDLING FOR THE 21ST CENTURY: PART 1 — AUTOMATIC HOPPER DOCKING” (Carpenter Additive) 127
—  https://www.carpenteradditive.com/news-events/hopper-docking
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5. Carpenter Technology (LPW Technologies)

BT BAFE RN

> HEERTHRATAMKRETEEETLAOHDITIRR—RADTIFIVTFvbT+—LTPowderlLifeONLINE 1% 12

gLTL S,
> $t§g>9°—®$1¥4a%ﬁtf®1$iwimé%iiu MRORE. BRAM. \VRIVT  EEEBEEETICL
\T o

» Ff=.loTtoH RFID, BEMELEDa—IVEEZHETHET. TERITUGERREDIIEEZTHELTLS,

PowderLifeONLINE®QA A—

W/ AUUIITIVE

ON-SITE POWDER Y BATCHES - INVENTORY

MIZHO (Hi#)"A POWDER-TO-PART CLOSED LOOP AM ECOSYSTEM” (Carpenter Additive) 128
—  https://www.carpenteradditive.com/powderlife
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6. Tekna

eSS

>

ArEE hr5 URL http://www.tekna.com/
4 ¥ Fe®% — Al% AlISi7Mg, AlISi10Mg, F357 Ti% Ti 64 Ni%& In625, In718, HX

Co% — Cu®%k — ZFDith W, Ta, Mo
sEx PA TSXIT7rTA4R
B o TSRXATHMERAETIEETHY. TSAITIIAXEIZEDMROAE - RFDIFEFN . MREERODTIIAF—FE

CEBEBTIXTEBRDEEZRTL TN, EIFNZFTEEDISWIEHFERFEICLD LD T, EEDFELIFH12(EM,

o FEREERERATIEEWLWEDD . Ni*Si-CuBNF/Fa—TIZ2W0WTFEF/HAXDHERLEELTHY., EIcTLHokO=sH
AERMITIZERFELTLNVS,

«  TeknaBR([FZHFEFEERMETHEELED, BT/ ILo—DE &1t Arendals Fossekompani, 75X, 1 E., 58
EH. /1URIZX#DHD, BRICEREBENHY . 2024F(ZIFTIUNEETHFE,

FEBEE
-- Key customers e~ S > AN
s AIRBUS U @& HYUNDAI AMBEEX  HEEX
— TCF{?_'{A e Trumpf - BEBEE
Honeywell et Hé.k.fl;a SIEMENS . AddUp . B

domrsumse S mcueum & Piinsuned » Heraeus © R3S

0O-BASF ﬁ Pratt & Whitney @ - . Beamit
e - /" ~200other _ _
THALES & SAFRAN % ' customers . + Sintavia

MIZHO (Hi88)"Tekna DRAFT Investor presentation” (Tekna)
— https://f.hubspotusercontent40.net/hubfs/2094793/Tekna%20Investor%20Presentation%20vF.pdf 129
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6. Tekna

BiifrBAF B
> AMAIZHEZ AR OM R EEZEBTEKSPHEROV) —XDIFMN. T/ HA XD KRB EREE . 5T 2/)LE—RRE
B. PRI —F—FDREEEZHF>TWS, BHEGDOEELRBHEDODEEEZFE->TLVS,

» TEKSPHEROIGZHRAY A Ao XKELEERFETNDAZ(T, KEEFERDETILTEKSPHERO-200(. #if®
<500umD P RZEFHZKRS50kg/hTEETESH(EKRREIZLD),

> 38, TeknaldHE (~20304F) D BIRZFIEE - IBIRETEH T SRR, 2018 FICHEN [ E TSV RITIEEL-FF R
TOAMMHDEEEILEHRATIO00 =07, MEFEITEERLTLDED EHEAIEN S,

TEKSPHERO-200 2030FFTORIFILKTE
Tekna has defined a detailed yet flexible roll-out plan towards 2030

2021 2022 2023 pLiyZ 2025 2026 2027 2028 2029 2030

Facility upgrade I

New facilities

e Y 1r') || . 2]
.17 . ) —|/- . Plasma units
Atomized P

of T

2935 INDUSTRIAL BLVD., SHERBROOKE, QC, J1L 2T9
+1819.820.2204, INFO@TEKNA.COM

Manufacturing
headcount

~70 >4,000

MI1ZUWHO (Hi 88) "TEKSPHERO-200 system” (Tekna) https://www.tekna.com/landing-page/teksphero-200?hsl.ang=en 130
——— “Tekna DRAFT Investor presentation” (Tekna) https://f.hubspotusercontent40.net/hubfs/2094793/Tekna%20Investor%20Presentation%20vE. pdf
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7. Heraeus

eSS

>

FrEE N
ik ¥ Fe% ? Al% ?

8iEx
= .

Heraeus Comvance
Heraeus Conamic

Heraeus Electronics

Heraeus Electro-Nite

Heraeus Epurio

Heraeus Medical

Heraeus Medical Components

Heraeus Nexensos

Co% ? Cu®k ?

Ti%k ? Ni%

ZDith ?

?

In625, In718

Heraeus(ItH R Z I A FFORMIEETHY . FEREED IENMBEDIRFTFLITO>TLVS,
— BB EEZ-OTNREDD. $HIZEEE (Pt, Rh, Ir, Pd, Ag, Au) it K £ & (W, Mo, Ta, Nb) ZRUL\=Ef D #iE(

BHEAHSL.

F71-2021% 1 HIZAmorphous Metal Solutions (K1) Z#i& L THeraeus AMLOY#%
BIZDOWTEEBA—D—Trumpf (k) X E THATAFEEITo>TLVS,

TIL—TE (F:F/A—NILESRRAZYk, & RE3— T7vT)

Ja—XkUA
TJa—XF2Ah I3V Y
BFMH
BRERDAES AT L

PEDOT:PSS(EEMHE 7 F)

BREAVE
ERES
BHEFIE

Heraeus Noblelight

BRI TEILIFRAERDERERE

BBRALRED1I—IL

Norwood Medical EfEgRAE

Heraeus Photovoltaics fEe-EIE, KEEEh i

Heraeus Precious Metals EERE AMBERO =Y+
Heraeus AMLOY TELIFREE

Heraeus Battery Technology
Heraeus High Performance Coatings

Heraeus Printed Electronics

BT MAREEH—R HRMAE
ER-t53vIa—T4Y

JUYoTYRILYbA=ZIR

MIZWHO

(tH#2)”About Heraeus” (Heraeus)
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7. Heraeus

BT BAFE RN

> Heraeus®1=wkD56 . HICHEOHMBEFEELTLNSDI(EHeraeus AMLOY, Fh S D 1=y EZiEaE
H—EXOMRDRBENTEREONEIN, RO ELZFDOFMITIAEA,

> AMLOYIX7EIILI7RAERBDZAMNEY —ERFRELTHY ., FTHEBEEAMOBEAZRS Y —ERE2—OFHRA
THHEAFLIFELTWS, AMAIITrumpfEIREL TEY . MM KRB THREL TS BRFEOEFEIITA) , HHIR
TERAOLVDGNTVADIEZIR—ADEETHY . TIR—ADEELEFESP,

TELWIZ7REROBEREEE (£: MEFEH. & MEH: AMATZEILIZAEROMEBREE

—

Physical Properties

Properties Value

Density (g/cm?) 6.68
Liquidus temperature (°C) 920
Solidus temperature (°C) 870
Glass transition temperature Tg (°C) 400
Crystallization temperature Tx (*C) 475
Crystallization enthalpy AH (J/g) -47
Young's modulus (GPa) 87
Poisson's ratio 0.35
Bending yield strength (GPa) 23
Tensile yield strength (GPa) 16
Compressive yield strength (GPa) 1.7
Vickers hardness (HV5) 480
Electrical conductivity (IACS) ~1%
Thermal conductivity (W/mK) ~25
Thermal expansion coefficient (1/K) 10-12x10%
Specific heat capacity (J/kgK) 250 - 350

(K #2)"Industries and Applications of Amorphous Metals” (Heraeus) https://www.heraeus.com/en/landingspages/hat/markets_hat/markets.htm|
- - Amorphous Alloy: Ideally suited for 3D printing” (Heraeus
MIZWO -aAmLOY-ZRO1 - Amorphous Alloy: Ideally suited for 3D printing” (H ) 132
~ https://www.heraeus.com/media/media/group/media_group/products/amorphous_metals/datasheets_1/Datasheet AMLOY-ZR01~2.pdf
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8. EOS

TERE
KAy URL https://www.eos.info/

Fe% SUS316L, SUS316L VPro, Al% AlSi7Mg, Ti%k Ti64, TI64 ELl, Ni%  In625, In718,
SUS312L, 17-4PH (SUS630), AlSi10Mg Ti Grade-2 IN939, HX
15-5 PH, H13 (SKD61),
20MnCr5, M300, CX (T E)

Co% CoCr Cu®  #fiCu, CuCrzr ZDM W, E£E (Au, Ag, Pt, Pd) XiZ#%
c»
BE o HEA-H—EOSTIEMEMEKRERTL TS, METEIZ, BHEB TERT 58 DERMLE/NTA—2% 6 E TRMEL
TS Eh 4,

. BEEDH. IR L THDCookson Precious Metals (EE) B THRFEVOZ TR ELZL TV,

* EOSEHTIIHAIAEICHAFFIREBIEFENHIN., EDIHEHMREHR>TLENETEA, ERTEAHERIIIRIS
BAA 74D H %5,

= ! A = = 3 Z5MH
EOS M 100 (Fm/MDEE) THEZHHME EOS M 400-4 (R AKDEE) THEA s
EOS CobaltChrome MP1 S EOS Titanium Ti64 Product name
 — 0ba rome '! : mamum 1 - S
=l . o 0, “3 EOS CaseHardeningSteel 20MnCrZr ' £0S NickelAlloy HX #1805 Titanium Tica
| - -~ Ly
) 05 StainlessSteel 3161 . EOS Tungsten Wi - 2
. 0 20 . EOS Aluminium AISi10Mg . EOS NickelAlloy IN718 @) €05 Titanium Tigs Grade 23
- s
EOS M 100 o 7 } EOS MaragingSteel MS1 . EOS NickelAlloy IN939 ) EOS Titanium Tig4 Grade 5
= <
= 4+ ,.",‘V" EOS StainlessSteel 316L §8 ) EOS Titanium TiCP Grade 2
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MIZWHO (Hi82)”"EOS Materials Metal Portfolio Overview” (EOS) https://www.eo0s.info/03_system-related-assets/material-related-
— contents/material_pdf/eos_materials_table_overview_m_en_web.pdf
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8. EOS
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> EOSIEERAIRELGEMMEFICL-2BR—ATEPLTEY. RFLHLVBDIE2021F11AICARSNIETIILIEE
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(K #2)"EOS Aluminium AI2139 AM” (EOS) https://www.eos.info/en/presscenter/press-releases/eos_aluminium_al2139 am
MIZWHO “EOS Aluminium Al2139 AM Material Data Sheet” (EOS) https://www.eos.info/03 _system-related-assets/material-related-contents/metal-materials-ah84
examples/metal-material-datasheet/aluminium/material_datasheet_eos_aluminium_al2139-am_en.pdf
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8. EOS
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> EOSIFIRIEMREIC L THEBHICERYBATEY., Arkematt, AIm#tEDHE T2021FERICERH ELGHH—HRY
—a—hSVIRY 7SR MERER Lz, AR THESN AT (VFELURDRER) ZRBELTEESN THEY. BER-
KDELLTHES>TEN—RUZa—FIILHERTES,

> FEITL—TADQIAUYILTATRETHAHEOS Additive MindsTlE. RHOEENEREZD)YAVIILETEE
OI-LCADFGEF—ERZIROT=,

HESnBHrOT< BESN =R T7IFHR
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—— https://www.advancedlasermaterials.com/alm-releases-industrys-first-carbon-neutral-polymer-materials/



https://www.advancedlasermaterials.com/alm-releases-industrys-first-carbon-neutral-polymer-materials/

9. GKN Powder Metallurgy

EEBME
EHE URL https://www.gknpm.com/

Fe® SUS304L, SUS316L, Al& AISi7Mg, Ti% Ti Grade-1/2, Ti 64, Ni% In625,
SUS420, 17-4PH (SUS630), AISi10Mg, Al4047 Ti 6242, Ti 5553, In718,
4340, 4630, 8620, 20MnCr5, Beta 21S (Timetal Ni-Ti
42CrMo4, 5120, M300, H13 21S)
(SKD61), Fe-Si, Fe-Ni
Co%k — Cu%k #Cu, CuCrZr, Fhfth  HRELEHELE
CuNi3Si

WA KF7rTA4X  GA HR7rT4X  EIGA

B o IVUZTIUTBEGKNOMEKAEEF, FFINIZGKN Additive, GKN Sinter Metals, GKN Hoeganaesh &Y. Z D>
HGKN Additive DN FEBER I EL-F—LELTHHE DR ERFTLEZAMEFTOTS,

«  GKN Powder Metallurgy& A& L TIEHFI0OMNE 294D EEMRZRELTHEY . KEBRLGRBEANTETLS, R
TIIXBRFRIZEEXFRNH D,

ATULRMDRIE FRUBREDOHE T ILEaEDME

45-105pm

ELECTRODE INDUCTION ] GAS ATOMIZEl;

<20 pm Powder GAS ATOMIZED

DED
MIM | ppr [REEE
Binder CAS ATOMIZED

Blown ne ) Q e ENGINEERING q m

MIZUHO (H#t)Advanced Materials Portfolio” (GKN Powder Metallurgy) 136
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9. GKN Powder Metallurgy
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>

>

GKN Powder Metallurgy Tl&., K7rIA X, HRTrIA X, EBFEREHRT YA X (EIGA)iEFALVT3DT
D ARADEKIRMRZEHEL TS,

KZEIAZXEIF, RIGEDEWHE, RATULRRICRETHY . BLORT—FE) T4 (FRE+HLY) BRI EE
B, BEIF. TLRALBRETHASND,

ARATRRAZER, SYRISEDENER - ERICRETHY . IR RO FoN DA, R —FE) T HME(FR&%
RKEFU)BMEERTHS. IS M. ATULR FILEZI L, 2y LERISERAEND,

EIGAATIE,. RIEHEEICHRE T, FEBICESHEDBKKMAIANEFONSD, RT—JETAMEC(FERIZARETFH
V). Bl THD, EIZFEAV . TILEZOLEERITEAIND,

K7r<AXik HRATEIAXE ERFEBRITRATIAXE

MIZLHO (Hi#t) “Atomization Techniques” (GKN Powder Metallurgy) 137
—  https://lwww.gknpm.com/en/our-businesses/gkn-additive/Metal-powders-for-Additive-manufacturing/
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9. GKN Powder Metallurgy
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> GKN Powder Metallurgy [£2018F KYHPE/N—+F— T #BHELTBIAR D RKREAEL AT LDEBELFHAEL
THEY.BIAKERDLELEMKRASHOMKREEIZTTHALTLS,

> BIARFADOMEIRELT. KPR IA R EEHRTIIA X ETEEL-MRDEEMRE. 2HAXDMEKREZHAEHE
F=INAE—FIILEKRD2FBEEEEL TS,

> EEWMRTIE, ARNEHIBLGAOHRDREMEEEEMRZR LT HIENTE. NME—F LB KRTIL. EBAFHE
DIEEZEH D=0 RIEZE ., REEEZSOLENARLELT D,
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MIZUHO (HE#)"OPTIMIZING THE BINDER AM VALUE CHAIN FOR SERIES PRODUCTION” (GKN Powder Metallurgy) 138
- https://news.pminnovationblog.com/blog/optimizing-the-binder-am-value-chain-for-series-production
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10. Héganéas

TEHSE
ERE AYT—T URL https://www.hoganas.com/ja/
Fe®% SUS316L, SUS410L, 4130, 4140, 420S Al% — Ti% — Ni% In625, In718,
17-4PH (SUS630), 15-5 PH, H11 (SKD6), In738LC, In939, HX,
H13 (SKD61), 18Ni300, 16MnCr5 Haynes 282
Co% CoCrMo Cu%k — ZDih DR LB E
s&k WA KFZrIA4X  GA HRF7rTAX VIGA PA JS5XI7r<A4X
BE o 1797FEIZERII SN ERAEHDERIM KA —H— GRILUBIIRILESM) . HEBIZISHATO R EW S EZREBELTHY.

FHEDERHR (AMLUNLET) BLEE X505,
« ERTRERFRICERAF. BERBITEAVROIERYRLRALNSHS.

« 2B GKN Powder Metallurgy (BiR—2) ND#E#(ZGKN HoeganaeshH 20, CNIIRTEEDKRREROHETIS
UREDFZESTLDEDTHY . HFICIVETITEOERK,

HogandasSEl DO MERMNEZSAMEE

KA EOS, SLM Solutions, Concept Laser A)I—TY Digital Metal

(GE Additive), Trumpf, DMG Mori BJ «E Desktop Metal, HP, ExOne, GE
KE Velo3D, 3D Systems Additive
EE Renishaw ARI)I—TY Arcam (GE Additive), Freemelt
IR AddUp S Jeol
5045 Additive Industries A—AXr317  Titomic

_ Cold Spray . _

A—Xr3Z1)7  Aurora Labs V) Impact Innovations
kA Trumpf, DMG Mori, Coherent
IR BeAM (AddUp) (H #2)"A flexible AM portfolio that fits most 3D printers” (Hoganas)
P AE Optomec https://www.hoganas.com/en/powder-technologies/additive-manufacturing- 139

metal-powders/3d-printer-powders/
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10. Héganéas
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» HOganaslETSXT 7T A X (PA) . HRTIIARX(GA) . EEFEBBAREEART A XE(VIGA), K724
X(WA)DAAERZEFESTND, SHBAMAITOM B TEIZEHDATVSDIETSIAITIIAXTHY ., GAIFKEEE
[1F. VIGAIZHRZ LM KRDEFELE—EDERE (Co®k, Nig, FeR) M+, WAIFAMLS D TiER T EHERSN D,

> VIGA[F2020F11AICRAMYDZVIIVTIVIMWRIZEASH, TRIILF— EEREESF. MEFHEFRITOMBELE
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MIZWHO  (H#)"Product and workplace quality reach new high at Laufenburg” (Héganas)  htips://www.hoganas.com/ja/news-and-
— events/news/2020/product-and-workplace-quality-reach-new-high-at-laufenburg/?s=corporate
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10. Héganéas
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> HoganaslE B iRy \—IZRRELYNT B0 D/ F—N\UR) T EFEERFE. ZITAMAITITIRELTWS ¥
4 X1£200kg&500kg D 2T AN, K 1tE THLAR AT BE,

> BXRENVTICANTERIN, ERAOEEICEYMN THRyN—CEESR S ZBRITHBA BRI ~BLEZDBIETO
MARDORZEL ARL—F—HIRICZRET DIRIEROT CENTED, BHRE/N\VT T HIET, WEROD
TYRAR—RZEBOTHRLHHEEREND,

> BE.ENVTIZRENOINILAELNTEY . HHICETHRET 20 HAHAD D, 1—H —FZDT—H%ZERP
AT LIZERICEETLHIENTESED. EHOR—2IL S Ao OFFRLGE T — 20 EETES,

BROBLEZ SaEROZEHRY

' ; Through the QR code you can access Hoganas’ customer portal

MIZWHO  (Hi#t) Effective powder management — for AM powder handling” (Héganés) https://www.hoganas.com/en/powder-technologies/additive- 141
— manufacturing-metal-powders/services/am-powder-handling/
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11. Sandvik

7N
TEBE
FrERE AYI—TY UI={N https://www.metalpowder.sandvik/en/
ik Fe% SUS304L, SUS310S, SUS316L, Al% AlSi7Mg, Ti% Ti 64 Ni% In625, In713C,

SCEAMAIAS SUS316Ti, SUS420, SCM415, 4140, AlSi10Mg In718, HX, Nimonic
éihéﬂﬁﬁ 4340, 4365, 4605, 8620, SAE 52100, 90, HXFe29Ni17Co
HEHY S20C, 18Ni300, M300, 17-4PH (Kovar), NAS 36
(SUS630), A6, D2, M2, H13, S2, T15 (Invar 36)
Co% — Cu®%  #tiCu, CulOAl, Cul0Sn, ZDith
Cul5Sn
GA HR7rIAX EIGA X—Ep#t#
B= o IVTUZTYHY—ILA—H—SandvikDE BN KROsprey ) — XM EKAE - BEERFOMIFIFIZIRFTIN TS,

s BICHEERRAMEIRDTSULTIXEIGAENEAINTHY., Ti 64 (Grade 5/23) BV In625, IN7T18HNEESINTIND, HH
LTSV MEII00% B E A EET RIIL X —TEBELTLVS,

ERF R LIRS RE H

Particle size distributions for additive manufacturing

Process technology Size (um)
Binder jetting <16,222, 236,245
Laser — Powder Bed Fusion (L-PBF) 15t0o 53 and 20 to 45
Electron beam — Powder Bed Fusion (E-PBF) 4510 106
Direct Energy Deposition (DED) 53to 150

MIZHO (H#)"METAL POWDER FOR ADDITIVE MANUFACTURING” (Sandvik) hitps://www.metalpowder.sandvik/en/products/applications/additive-
- manufacturing/
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11. Sandvik
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> SandvikTIE—ED#M K (Tie4 Grade 5/23, In625, In718) DHEEZEIGAETIToTHY . Rz —TUIZH
BRI DAME U 2—DELT2020FE4 AENS TIENREBL TS, GO EREIZDOWTEHEEZIZGCTEIGAT®

SLEMATEE,
> R#LRIF100%BARNMRIRILF—TERELTEY., MBATRECESHREORYMNIETERTEILNTNS, T-AE

IROATLDBAIZKYHBEIRILE—%40-50%HIHEL TSI L BEMBEIHAIIILT HIEEITLY, PREPE
ZEIGELYLRMTOIRTAREEEL TS (BRI EEIERE) ,

EIGAETHE L-Tic4$ 5k O SEME{& EIGAR{EL BEIEORYE

Powder morphology

SEM micrographs of -63 +20 pm powder with a spherical morphology (HS

Circularity 0.95), smooth surface and low level of powder satellites (magnifica-
tions x100 & x250) and a section through the powder (magnification x1000), TCR 11-1€ :9:37:17
with no visible internal porosity.

(H#2)"TI-6AL-4V MATERIAL DATA” (Sandvik) https://www.metalpowder.sandvik/en/products/metal-powder-alloys/titanium/ti-6al-4v-material-data/
MIZWHO “Explore our state-of-the-art titanium powder plant” (Sandvik) hittps://www.metalpowder.sandvik/en/news-trends/archive/2020/04/discover-our- 143

~ powder-plant/
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12. Oerlikon

ERBE

FrEE AAR URL https://www.oerlikon.com/en/brands/am/

Fe% SUS316L, 17-4PH (SUS630), 15-5PH, = Al% — TiZ& Ti 64 Ni%& In625, In718, In738, HX
18Ni300, H11, H13
Co%k CoCrMo, Haynes 188, Haynes 509 Cu%k — TDM  AHRFLBE
GA ARTrIAX EIGA VIGA
HE « REMNMILEE-BEMEEZHRIEE, BEEEMICEET H5FXTOerlikon AMMNESTEY MBI OAE, WE GRE~EE).

S

* Metco Materials E-Guide

#BMIT. 77, MEEEBETE—ETRIELTLS,
##HXOerlikon MetcolZE>THEESINTHY . EENAITIKESSHUMIZ2HRTH S,

R&DW R IEKE/—ADOASAFIMER Y D2HFR . lRFERRITKE (NYM) . FAY oA R—IL F—RXR5YT7 . HE(LE
B . BXR(BEE) D6nff.

Oerlikon Metco Me-av—XHY A+

myMetco Materials List myMetco Wires myMetco Spare Parts

FIND
YOUR
Ein N MATERIAL

\?///

2 N

View products = View products

Yy

Metal Powders for Additive
Manufacturing

Weld Hardfacing Materials

50% ’

REDUCTION
in GET consumption View products

MIZUHO (Hi#t)"Shop Oerlikon Metco's Advanced Materials and Spare Parts Online!” (Oerlikon)
—————_ https://mymetco.oerlikon.com/en-us/
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12. Oerlikon
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> KREIVHUMAIZAMAEITOEEZFMTHEIREA2HFTHY . TENENTERLGLIREFEZFEO>TIVS, Db—A
(Troy, MD) [Z8OFHRAIFNoERMARDEEZL TL=MR T, Nik, CoR. FeRDERZGATEEL TS, 15
—7 (Plymouth, MI) (32018423 EZ M LR T, VIGA, EIGABRDERRZEL TS, A& [ENadcapiBE
FHCEREBIHEFESR,
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« VIGA&!E: Ni%.Co%k.Fe®k
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MIZLHO (H#2)"Oerlikon Advanced Powder Manufacturing Center” (KIRCO)
- https://kirco.com/projects/oerlikon-advanced-powder-manufacturing-center/
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13. Polema

ZN
TEBE
FrEE mDyd URL http://www.polema-rus.com/
Fe% SUS304, SUS316L/S, Al% — Ti% — Ni% In625, In718, In738, HX,
SUS321, 15-5PH, EP410, EP648, EP718, EP741NP,
ElI962 EK171, EI435, VV750P
Co% CoCrMo Cu®k CuCr, CuCr,Zr ZFOith W, Mo, Cr

mEE
.

? (Fr<4X)

ERYT I HFZEHERES IP Bardin Central Research Institute of Ferrous Metallurgy Ao MDAE L 7o hELT1961EEIZER
SN PEA—D— BRI EHI MR AEITFHIELTEY . FAUMEKRFOREZITO TV,
2014FEMNSEREMADOMRDEEICRYMBAIEILH  BEFALTERICMATEICTOTEANDRFELTOTVS,
XN FE-BE. BEEEBEANRM R -BEBIZHS,

AEIFEEENEMERIZHY . 2021 F (FFTELL21%IE12H =551 768 DM EEEL TS (MEKRUNEED), OB
26%IXAL T ENNDIRFEEo1=, ZLIECrR. MORDMETHY . SHAMMAIT+MIMEA] T DR FHIFTED2E12dH 1=
B27k>,

AMBMEHIZ T EEDER, T IIHZIES0kgH 5T, 50kgDIG A (FEEITSEE A MMNSELTINVS,

MIZWHO
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13. Polema
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> 2021F3RICTIRUMZERO T O AAMM M EL TRRAIZIRGEL-AC THID R FIZGEof- 1 D)) —REHL
TW%, AIDERREE G L= FDEFMITFH,

> BM-RMELROTLSA EFEFAMAM BT AL TLSERKR, AV TERDRIREC. AMBEEDY URID L

[CEHHEELTLS,
HEBEDH (W)
7 SPHERICAL TUNGSTEN POWDER @
Application
+ 3D
- MIM

» Manufacturing products via Powder
Metallurgy methods
« Spraying and weld deposition

Photos of W powder spherical particles

MIZWHO (H#) “POLEMA JSC Spherical powders of refractory metals for additive technologies” (Polema) 147
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