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> Origin
— As PIMtechnology is originated in 1973, the U.S. Space

Agency, NASA, the injection molding technology used in
powder metallurgy

-

> PIM is an advanced manufacturing technology for use in
a diverse range of industries. PIM can produces the net-
shape parts of high volume high precision components
In all areas of life, looking from cars and watches to 3C
products, DIY tools, and etc.
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> Mobile phone component > Medical gear component
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> Medical pin component

> Trigger guard for hunting
rifle
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> Mixing
— Preparing of a mixture of powder and a binder

Binder Powder Mixing Feedstock

> |njection molding

— Moulding of green part by injection of the powder-binder
mixture into the mould

Feedstock Injection molding ,.Green part™
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> Debinding (FRER)
— Removal of binder

,,Green part* Debinding ,,.Brown part*

> Sintering (lE45)
— Powder particles sinter into a dense structure

o

,,Brown part® Sintering Final part*
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De-binding Stage (IREEIEFF)

the binder is removed from the molded part

Green part (élzﬁ_




Sintering Process (IE45) Moldex3D
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Brown part Sintered part

losed pore

Initial stage Middle stage Final stage
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> PIMEIE

— {i£ 1st stage: Green part = 29 stage: REsBrown part = 3
stage: sintering

— (Feedstock: Metal Powder+binder) = (Metal + Z*& binder)
> (% FMetaZb=Z Metal)

-

> HtREHARERNRE

B4R EEIRE 1t stage: Green part?
- ET.I"’r-ﬁE (UL 4E):
- 1st stage: Green part ER{Z K?
o BEBUATHRULLE: 15t stage: Green part = #EULHE?
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> W{OiGZE AR A mE B EERE
— FEEETE 15t stage: Green part B BIHIE B 2 &
- BHEMEA: 15t stage: Green part 25 &
- R~HRE (W4s):
 1ststage: Green part ER{ZK?
 1ststage: Green part =#EUL4E?
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Black-Line Defect




Key Issue: Black-Line Defect Moldex3D

-

> Listen to industry, people often talk about “Black Lines” as
an indicator for phase separation between binder and
powder. This defect causes real quality issues.

> Phase separation is also called the Shear-induced Particle
Migration

— Near wall, the maximum shear rate exists, so that the dispersible
particles or low powder concentration; in the center area, the
minimum shear rate makes high concentration.

Flow direction

Shear rate gradients ﬁ Particle rotation ﬁ Phase separation
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Key Issue: Black-Line Defect Moldex3D

> Phase separation

— Phase separation is aterm commonly used for an adhesion
failure of powder and binder during injection molding step
in PIM.

— A basic requirement for a high quality production is a
homogenous mixing of powder and binder, adhesion and
mutual interaction between them

-

— A separation of these two ingredients is causing quality
Issues such as visual defects, mechanical weak points,
warpage and local hollowness.

— Phase separation is a defect that can be easily recognized
In some feedstocks.
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Black-Line Defect Moldex3D

> Various phase separation on the surface of molded part
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SEM micrographs

Moldex3D

-

Homogenous surface Inhomogeneous surface

phase separation
(Black-Line)
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Feedstock flow changes the separation
pattern Moldex3D

> A: T Shape B: Contraction-Expansion

Tleigat
A, S ¢
3 l-‘: ;I':- .i E /
EXCESSIVE
BINDER

EXCESSTVE
BCVDER
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Shear-induced Particle Migration
Experimental Observation Moldex3D

Microscope
position

(b) . .
F.r /&\ ﬁge slices | 040 ;
L 0.38 -
\ x o - 7
i S S 036
Flow chamber 2H =50 um ‘ 0.34 7___, T
entrance R 0.32 = |
0 10 20 30 40 50
y [em]
The particle size of 1.5 ym, the
average volume fraction of 34%
50 um
http://www.physics.emory.edu/~weeks/lab/flowing.html
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Accuracy of Powder Concentration




Powder Concentration Measurement Moldex3D

> Experimental NMR imaging apparatus for particular migration
studies in Couette flow between concentric, rotating
cylinders. The stationary outer-cylinder radius is R (2.38 mm)
and the rotating inner-cylinder radius is kR (0.64 mm) with
angular velocity Q, where k<1. The length of cylinder is 25
mm.

> The Fluid of interesting is that 675 ym PMMA spheres
Immersed in Newtonian Oil with volume fractions of 45, 50,

and 55.
Couette flow

NMR apparatus
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Result of Powder Concentration

Distribution

Moldex3D

— Near stationary outer-cylinder , the high concentration is
due to maximum shear rate, but close to rotating inner-
cylinder , the low concentration for minimum shear rate

Line: Diffusive Flux Model Prediction

' I T ; ' i y
shear-induced particle migration Symbol: Experimental values of Philips
et. al.
08 +
0.4 =
catch the experimental data points,
as PIM guantitative comparison
ne Ref.: Physics of Fluids A: Fluid Dynamics, Volume 4,
Issue 1, 1992, pp.30-40
1 1 1 | ] j
0j2 0.4 0.6 0.8 1|0
rotating inner-cylinderrréius stationary outer-cylinder radius 2



Moldex3D Prediction Moldex3D

> The excellent predictions are very close to experimental points

-

1 | I I I | I I I I I I I I I I | I I I I I I I I I I I I

Davg = 0.55

Baug = 0.50

0.4 bag =045 7]

| Experiment
L 2 Experiment
L
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S
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Moldex3D’s Prediction of Phase Separation




T shape Moldex3D
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> Separation pattern
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Contraction-Expansion Moldex3D

> Separation pattern
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A Standard Gear

Moldex3D

-

> |nput Mesh
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Operating Condition

Moldex3D

> |njection Temperature: 180 °C

> Mold Temperature: 150 °C
> Filling Time =0.1 sec

EE Moldex3D Process Wizard

Project Settings | S

Cooling Settings Summary'

Setting method :| CAE mode

In this mode, process parameters are not derived from the
maolding machine informations. You may freely specify
process conditions for simulation.

Process File :|Gear_3.pro

L. :f Mesh File - PIM Sample-new_1.mfe
s 72
1;, o - Material File - MIM_CatamoldR17-4PH_1226_5_1.mtr
"’1;' i’ " |
vy , Maximum injection presure 180 MPa
il
. Jp Maximum packing pressure 180 MPa
2 pﬁ
[ Capne ) (opimn ) (e

EE Moldex3D Process Wizard

Project Settings  Filling/Packing Settings | Cooling Settings | Summary'

Filling setting
Filling time - | 0.1 sec
[ Flow rate profile (1)... ]

’ Injection pressure profile (1)... ]

VP switch-over

By volume(%) filled as

Packing setting

Packing time : |5 sec

Packing pressure refers to end of filling pressure

[ Packing pressure profile (1)... ]

100

Melt Temperature 180 ol
Iold Temperature 150 falae
Advanced Setting...
(Capus ) [_pion ] [__risp (e
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Material Properties

Moldex3D
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Viscosity
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Power Information Moldex3D

-

> |nput powder size, bulk powder concentration, and power
friction index (model parameter)

Polwmer [ Grade Name | Producer | MIM | CatamoldE 17-4FH 12230 5 |BARF

Powder information Powder-filled polwmer
Powder specific B 1oy

Powder size 0.001  {mm)

Bulk powder concentration gl fwold)

Moz powder concentration 68 (fwol®)

Powder friction index 50
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Filling Stage

Moldex

> Concentration vs Shear rate

Powder Concentration

Filling_Powder Concentration
Time = EOF
2100 3]

— 60.010

60.002
59.994

59.986

EN# -Melt

59.978

59.971

59.963

59.955

50.947

59.939

59.931

59.923

59.915

59.907

59.899

— s Moldex?
z 5@ Eun 3:FIV Sarnple-new_1.anfe/MWIV_CatamoldR17-4PH_1228_5_1.mir/CGear_3 pra
\ 8 Rng:99.9 ~ 60 Avg: 60 % (@700% (0.0965 sec)) (Enhanced Salver), Ep=135,899 Ec=0 Em=0 =Mixed>

X"x\Y 150 Copy af Run 2 X

133

Filling_Shear Rate

Time = EOF

%102 [1isec]

107.168

100.024

92.879

85.734

78.590

71.445

64.301

57.156

50.012

42.867

35.723

28.578

21434

14.289

7.145

0.000

Z
3
—/_\Y

R120Relense Candidste (120.1) 13:37:25-04-22-2013

Shear Rate

EN#1 -Melt

Moldex 2l

58 Run 3:PTvl Sample-new_1.mfe/MWTW_CatarnoldR17-4FH_1226_5_1.mtr/3ear_3.pra
8 Rng 00322 ~373e+004 Avg: 539 {Asec (@700% (0.0998 sec)) (Enhanced Solver), Fp=133,858 Ec=0 Em=i(] =Mixec=
150

Copy af Run 2
133 i

36



Filling Stage Moldex3D

> Concentration vs Temperature

Powder Concentration Temperature

Filling_Powder Concentration

Time = EOF
%100 %] Filling_Temperature
Ti =EOF
— 50.010 me
%100 [oc]
£0.002 — 185.183
50.004 183.437
181.691
50.086
EN#1 -Melt 179.945
99.978 EM#1 -Malt
178.199
50071
176.454
50.963
174.708
50.055 112,062
50.047 171,216
59.939 169.470
50.931 167.724
50023 165,979
164.233
50015
162.487
59.907
160.741
50.800 .
— wesos  Moldex 2D
.
— 59.891 Moldex:D H 58 Run 3T Sarmple-nes_ rufe/MIM_CatarmoldR17-4PH_1226_5_1 ratrGsar_3.pra
8 - = = =t
z 58 Run 3:PTM Sample-nes_1mfe/MIV_ CatarnoldR174PH_1226_5 1 rnit/Gesr_3pro x/*\ . Angr 158~ 185 Avg: 162 oC (@100% (0.0998 sec)) (Enhanced Soivel), Ep=135,05 Ec=0 Em=0 <Mixed>
Y C f Run 2
8 Rng:59.9~60 Avg: 60% (@100% (0.0998 secl) (Enhanced Soiver, Ep=135,859 Ec=0 Em=0 <Mxed= 133 aRv et e
X 150
Y Copy of Run 2 F12.ORelesss Candidals (120.1) 13-28-37.04.22-2013

133



Packing Stage

Moldex3D

> Concentration vs Temperature

Powder Concentration

PacKing_Powder Concentration
Time = EOP
100 %]

60.005

60.001
59.997

59.993

EMi#1 -Melt

59.989
59.985
59.981
59.977
59.973
59.969
59.965
59.961
59.957
59.953
59.949

A
— sos  Moldex D
58 Run 3:PIM Samplenew 1.afeMI_CatarmoldR17-4PH 1224 51 mtr'Gear 3 pro

/*\ 8 Rng:99.9 - 60 Avg 60 % (@7{00% [(.0898 sec)) (Enhanced Soler), Ep=133,803 Ec=0 Em=0 =Mixed>
150
A

GCopy of Run 2
133

312.0Release Candidate [120.1) 13:34:55-04-22-2013

Temperature

Packing_Temperature

Time = EOP
x109 [oC]
152127

151.987
151.847
151.707
151.568
151.428
151.288
151.148
151.008
150.868
150.729
150.589
150.449
150.309
150.169

— 150.029

o

EM#T -Melt

Moldex:D

58 Rnn 3:PTY Sarnple-new_1.mfe/VT_CatamoldR17-4FH_1326_5_1 mirGear_3.pm
8 Rng: 180~ 472 Avg: 138 0T (@7 00% (00998 sec)) (Enhanced Solvey), Ep=125,639 Ec=0 Em=0 <Mixec=
:5303 Copy of Run 2

R1Z.0Release Candidate (120.1) 13:35:67-04-22-2013
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Warpage

> Volumetric Shrinkage

Warpage_Volumetric Shrinkage

x100 )]
3011

3.009
3.006
3.004
3.001 R -Melt
2.999
2.996
2.993
2.991
2.948
2.986
2983
2.981
2978

2.976

N
— 2973 Moldex 3D
z 58 Raun 3:FIV Sample-new_1.rafe/MIV_CatamaldR17-4FH_12248_5_1 mtt/Gear_3.pro

/k 8 Rhg: 287 ~ 2.24 Avg: 3.1 % (Scaler0 .00, Total 1.00), Ep=123, 839 Ec=0 Em=0 =Mixad=>
X Y

150
Capy of Run 2
133 i

R120Release Candidate (120.1) 12:28:15-04-22-2012

Moldex3D
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Warpage

-

> Total Displacement

Warpage_Total Displacement

x10-1 [mm]
— 3.497

3.296
3.004
2,893
2,692 EM#1 -Melt
2.490
2.289
2.088
1.887
1.685
1.484
1.283
1.082
0.880

0.679

Bin)
— 0.478 Moldex3D
a8 Eun 3:FIV Sample-new_1.mfeT_CatamoldR17-4FH_1226_5_1.mtrfGear_3 pm

A 8 Rng Q0478 ~ 035 Avg: 0.212 mm (Scale8.00,Total 1.00),Ep=135859 Ec=0 Em=0 =Mixaci=
150
X Y

Caopy of Run &
133 o

R1Z0Release Candidabe [120.1] 13:41:11-04-22-2013

Moldex3D
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EimRBYIn B 0 B 45 SR Moldex3D

> DB BIREERAIRE (tip)

-

BT BES R
(FR&R)

500 pm

-

Fig. 3. Binder segregations in a gear tooth of GW 1.
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MDX-PIM Gear Moldex3D

>

Index = 6; filling-smooth = 2 for and packing-smooth =4

Filling Packing

Packing_Powder Concentration

Filling_Powder Concentration Time = EOP
Time = EOF win 0 %]
0 N
x0T ) ]:[ \ > 61467
— 62.285 = JIN
o ARSI
61.583
50,662 60.691
60.180 — 60.302
59.478 — 59914
58.777 || so506
58.075
— 59.137
57.374
58.749
56.672
58.361
55.970
§7.072
56,269
54.567 57.584
53.865 57.196
53.161 56.808
52.462 56.419
— B 5700 Moldex:l 55031
¥ 7 oy 40 Run %:FIM Samaple-new_1 mafe/MIV_CatamoldR_1mtrfGear_4.po :
e :-’1': Ring: 51.0~62.3. Avg:59.9% (@T00% (0.0997 sec)) Enhance Solvey, Ep=135,859 E£c=0 Em=0 Mhec- <s5613 Moldex3D
103 IND=E, fifiing (2smaothlpacking (dsmaath)
- ¥ 7 oy 40 Ron 9FI Sarnple-new_1 mfeMIv_CatarnoldR_1.mivGear_4.pm
" 351 Angad 1 ~607 Avg 599 % (@T00% (0.0997 sec)) (Enhanced Solver), Ep=135,859 Ec=0 Em=0 <Mied>
31 D=6, fiting (2smaathlpacking (4smaath) 12
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Plaque Moldex3D

/> FERAXYZ={EmEBIPowder concentration i, imEAX/NEFSE
IRpEESEEREE

s Filling time: 0.1 sec
*"~Molding Temperature = 50 °C = ¥ plane

\/ﬂ
Moldex

Pl igredil COFPTRIAIN e rafe DA _Ca

z

llm-'ﬁ Dirmpeien (1 53 96 % 16 m,
) my = X plane
(L i 2013

\\\\\\

s
oz
s
L
o0
e
EET
2800
7511
sz
8T
8405
e Moldex
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— E
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> ZAOEERESSEBERRESE, RERENEES

Moldex3D

£ A O] gt 8% 4 TR ARlE 13

Filling time: 0.1 sec
Molding Temperature 5 50 °C

e FEERE (%)N85.961-62.771

Lower face

ERERERERRES

P PRES

- 0 Moldex

456  Fon 7:PlsquemfeMIM_CstumeldR17-4PH_1226 1 1 ra/MDHFrojec20130129_1pe

;f;; Angr 56-628 Avg 601 % (00K (0405 secl) (Enhanced Soken Ep=4.060 fe=0 Em=0 <Prisms
1 v I
R120PreReluase (120.1) 14481801 302043 s
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“E%EFilling Time (0.1sec->0.25sec)

Moldex3D

> Efilling time#Es, EARERESHERK, clgEEERREE
X

Filling time: 0.1 sec Filling time: 0.025 sec
Molding Temperature = 50 °C Molding Temperature = 50 °C

- 59.252-63.140

ii

PEOPRRERERERE Y

m— 55.961-62.771 =

ﬁﬁﬁﬁﬁ

50,685
e . Moldex
z W b  Catanls L1322,
Lt F "",:"' g SI- 07 S
" T aernn
am e -

g It 7 Hage APH_1236.3. 2
-;: Fg 36~ 628 A 60.1 % (ED100% (0,103 secl] (Enbanced Sod
- 55.961-62.771
L [R20.0) 14481

SEREREREEEEEREN LN
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& N4E R (50K ->150K)

Moldex3D

> BE@IEN, RENEREZONINREAITSEEK

Filling time: 0.1 sec
Molding Temperature = 50 °C

55.961-62.771

Blon 7 Flague. oMM _CatanoldR 1 74FH_1226_2 2 st MDNFroect201 30050 _2 gro
Rg 36~62.8 Avg 60.1% (@100% (0.103 26 (Enhinced Sohed Ep=d, 080 Ec=0 Ern= <Prinre

55.961-62.771

Filling time: 0.1 sec
Molding Temperature = 150 °C

oy Pt oo s

T b
©o? g

am
e
mam

Fi

58.966-60.528

S

g Pt Comount s

H
i

frysrz
i a

.....

Idex
Ban 11262, £
fing =808 Ay
e reing Femoecaare
—

47



4 Moldex3D
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Moldex3D
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Thank you for your attention!

CoreTech System Co., Ltd
www.moldex3D.com
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