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You can not hold powder. But when you let it wet, you can shape it in
thousands varieties. .
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Why we need Powder Forming Technology
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Why we need powder forming technology ?

RB RA || ERAREIRAR
Powder forming technology Near fluid forming technology

v FmisEBHES
High freedom of product modeling
v MiEESERBEHES

High freedom of material selection and deployment
v BIETIE - TRE(EFE

Low forming pressure, energy saving
v RN IRIT R

Reduction of residual stress
v MEFARS

High material utilization

EIEVE Carpenter USA PIMA-CN & ACMT 2017 Workshop



>

"~

.

- .
% - -

Pl . S
4 '_'

| & h ” -‘
RA . AFOL R
gy difficult

s

=5
No machining, no precis
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Why light metal powder can not be easily sintered?

Ziatn R 6l

Use aluminum powder as an example
=&t JlEE(Mg)ies

{E= 0 : Al,O; AlLO; + 3Mg -> 2Al + 3MgO
ZE : 3.5~3.7 g/c.c.
& 1 2054°C v BEEREMESERS
Light metal oxide with high melting point
v EBMARIMNEEHE—FERENELEE
Each metal powder with a thick layer of oxide
vV RENEEBEEREIBR U TN T aE4HFmaviziA
The sintering temperature is usually under 0.9 Tm
in order to maintain the shape of the product
vV WA EZEES - MNEIRINE
Pay more energy for sintering, ex. Pressure
) IHEIESERNEI=m Rk 73
Doping additive but can not fit industry standard

ta

B2 : Al RERE: ABEEZEERT45g/cc
BE : 2.7 g/c.c. AR : L LENEIERERE(Nonferrous Metals) -
B 660°C AEEBXS
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Define powder forming technology by CPMA
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Major technology of Powder Forming Technology

BN =Y 45
Powder supersonlc molding

0 Xﬁm%ﬂﬁﬂi

Powder rotation molding

Powder slip casting

B EE R
Freedom forming Mold forming
kRS 7 AR Il
Powder coating Powder pressing molding
| |
N ENIE NPT AR K 5
Powder spray stacking Powder casting
| |
R AR AR I bR 45 (T 5) E =Rzl O 197
Powder tapping sintering Powder slip casting
| |
M {A3D$TEN o it
Powder 3D printing Powder forging

|
R

;Ejt\’tt VL ZH
Powder tapping sintering

i A E 5T BHZ
Powder injection molding

B (GRIESR) ‘

‘ WRAE

Powder rolling

HAIERRA: RTRVIEHE/M LR/

ITBEHEE/MNBHEE
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Powder stack is the core method of most 3D printing technology

43 Type + ARTechnologies Mkl Materials

Thermoplastics, eutectic metals, edible materials, Rubbers,
Modeling clay, Plasticine, Metal clay (including Precious
Metal Clay)

Fused deposition modeling (FDM) or Fused
filament fabrication (FFF)

~JITN . . -
BHA Robocasting or Direct Ink Writing (DIW) Ceramic materials, Metal alloy, cermet, metal matrix
Extrusion composite, ceramic matrix composite
Nylon or Nylon with short carbon fiber + reinforcement in
Composite Filament Fabrication (CFF) the form Carbon, Kevlar, Glass and Glass for high
temperature fiber
HEIEE D F Stereo lithography (SLA) Photopolymer
Light polymerized Digital Light Processing (DLP) Photopolymer

ELREE

Continuous Liquid Interface JPhotopolymer + thermally activated chemistry

Production(CLIP)
o lWVe TR oo RETa Lo R R | 4 [SIH EE e e DRI e [aTa A E1DI B Almost any metal alloy, powdered polymers, Plaster

Electron-beam melting (EBM) Almost any metal alloy including Titanium alloys
. el s s (S ;iIZar:iil:]rl?r:Ions, Cobalt Chrome alloys, Stainless Steel,
Powder Bed Selective heat sintering (SHS) Thermoplastic powder
Thermoplastics, metal powders, ceramic powders
Direct metal laser sintering (DMLS) Almost any metal alloy
%= A Laminated Laminated object manufacturing (LOM) Paper, metal foil, plastic film

AR 25 Powder feed Directed Energy Deposition Almost any metal alloy
LM B Wire feed Electron beam freeform fabrication (EBF3) Almost any metal alloy
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Vldeo share : Two major technology 3D printing by powder bed

(1) ExOne
(2) SODICK
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MIM process flow chart

Material forms#f iz =

Metal powder

e intered par
ERHI Feedstock Green part Brown part Finished part

DY &1 tRiE ST I

Binder
i 45 51

NEZ N 14~18% W48

Kneading
N=F
i Injection De-binding Sintering Secondgll*\)/l/ Fprocess
y % i A5 Vo
Palletizing 220 e e “RAE
=gl

Recycle feedstockElUg IE Processiliz
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Design sample of MIM from JPMA
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Assembly parts into one piece design

AT NIRRT RERRE - BESMFRARARATIEN - 2N LALNE
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One piece design example of MIM process

IZHEERITX2 RRENMX2 AE (Pl + tIHIR B &S + BT £ + A 1R4E)
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Hard roles of engineering material#
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High temper
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Rich electronic fu t40ns include: nductance capacitance, resistance

and dielectric properties
VEAETEAFESHNAFSER

Especially in the transmission and reception of electronic signals
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Ceramic with many advantages, why i-phone does not applied it for
housing?

viEEIREE]
Only one issue : brittle due to hardness of ceramic
N L% A _E#mProduction cost higher
B Z{EProduction yield lower

VERBINERK?
Is there no way to break through?
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High entropy alloy - it can easy forming by powder metallurgy process

CrCoNi

C rMnFeCuNii’_‘% ———
R [ A v BIEESELTEMNSik
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Who took ours profit?
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Products demand has not changed and price so far so good. /

But, where is your product quality level?
E
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ee oneself must put down the dinityﬂ
v ERKREMEMT
Zoom in check by microscope

Lz A - TURE

From outside the box.
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Hot Isostatlc Pressing — the best elimination tool for powder process defect
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We need the MAGIC.

Many A Groups In China.
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Thank you!
=) 41 fR

?kﬂ’ﬂﬁtﬂ f&fn L - FM—EMERET] - FIRXRE!!

ead, we are a team! Let’ s break through together!!

EShE
+86 27967089 (CN and Wechat ID) +886 916134166 (TWN)
chiou_yh@yahoo.com.tw
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