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Q39S CI2ER)
- segregation-free
- extended solid-solubility
- uniform second-phase distribution
- fine microstructure
=> High quality products

QAN e FRFARS) &
QUee S84

- particle injection : MMC
- reactive spray forming : DS Alloy
- near-net-shape (tube & ring)

N

EEded iy

/o

-42_




M)

gz .
TR
HES: P
P P e g
- STt
AEHO
AP ARt
eI B
294y 2
o) = E
Ajao)

R

223 0]
37| : 50pm)

-43-




RIST

Al allo o Alloy Billets : Al-Si-X * Aluminum Plate PEAK
YS | « MMC Billets : AL-Si-SiC, e AL-Li, Al-8i-X Sumitomo L.M.
Alcoa, Pechiney
. . RIST
Cu |« High Stength Alloy Billets : [* Supersion-Strengthened | yyipi0ng werke
alloys Cu-Ni-Sn, Cu-Cr-Zr . MM}(,I Billets : Cu-Fe, Cu-V | Swissmetal
Olin Co.
o Turbine Engine Rings : . Hm;’smet
Ni alloys IN718, Rened1, Waspalloy o Inclusion-Free Alloys Rolls Royce
» Superalloy Tube ESR/CIG lGIS }Vavy
. . RIST
. - » Mill Roli : High Speed Steel .
o MillRoll - Bi-CrIxon Lo Cutting Tool Steel Billets : | ganrior® ¥
Fe alloys o Seamiess Pipe : ' High Speed Steel British Rollmaker
S[l)ai;lless Steet |* Multi-Layer Tubing ForgeMaster
¢ Spray Hardfacing

Babcock & Wilcox

[Tis#

oAzd }
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Wrought alloys

Serles

Al (99.00 % miniumum or greater)  1xxx

Cast alloys

Series

Al (99.00 % miniumum or greater)  1xx.x

Alloys grouped by major alioying elements

Cu

Mn

Si

Mg

Mg and Si

Zn

Other element
Unused series

2Xx%
3oxx
Axxx
Buxx
Bxxx
Txxx
8xxx
gxxx

Cu

Si+ CuorMg
Si

Mg

Zn

Sn

Other element

2X%.X
3ux.x
4xx.x
Sxx.x
7Xx.X
8xx.x
Oxx.x
Bxx.x

Unused series
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QP §4 S gA %
- ez d2eE $E

Al-(17~25)Si-Cu-Mg

O WASH T4 U35
- g 2Ry 9
FVS0812 : Al-8.5Fe-1.3V-1.7Si
FVS1212 : Al-12.0Fe-1.3V-1.7Si

QWr2/235 ¢Fv g &8
ol

oX
=
ol
ox

> AAFH  yetE
= SEAA Bt
- WekeAd R A B3 - 25wt Si A7t
- QAR E E A B Cu, Mg 37+ s
- 484 T8 3L A
> R 44
~ AI-25Si,
- Al-25Si-2.0Cu-1.0Mg,
- Al-25Si-2.0Cu-1.0Mg-2.0Mn
- Al-25Si-2.0Cu-1.0Mg-1.0Mn~-1.0Ni
= d7HE

9 QFEY L oAz 54 B}

BAE, 38149 %

[Fist
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» A‘d:

20pm 50pm 20pm
- Coarse primary Si particles - Primary Si particles in Al matrix
- Eutectic matrix (x-Al + Si) (uniform size and distribution)
- Dendrites of o-Al - Acicular intermetallic phases

[Tist
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- Coarse primary Si particles
- Eutectic matrix (o-Al + Si)
- Dendrites of a-Al

20um

- Primary Si particles in Al matrix
(uniform size and distribution)
- Acicular intermetallic phases

-ty _&
Zl?lﬂ:

Wl AN2580-2.0Cu-1.0Mg-1.0Mn-1.0Ni

».,,?, b
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-7 2EAA AN AAE T -

fog stress {MPa)

TEEPE A

¢ ) L

- -5 -+ -3
log strain rate {/s)

-2

m

Strain rate sensitivity, m

- defined as the slope of flow curve
- measure of high temp. ductility

_ logo
loge

- = below 300°C : very low less than 0.1
- above 300°C : increasing rapidly

o'
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-Extrusion Pressure vs. Ram Speed -

U Endurance limit of extruder (P, ,,) : 1072 MPa (550 ton/80¢)
Q Conventional ram speed (Vo) : 1~ 10 mm/s
Al-25S8i Al-258i-2.5Cu-1.0Mg
o] @ =28 _ 18004
Pem_ 1072 N r=28 x 3000C
1000 ® 4000C
e00- Ll ] 2001 A 5000C
E < P T 10004 al
f’.' :< %/l o %v 200 >.max=$///
2004 / : SOOOC MJ / o

log V, (mmJs) log vV (mmvs)

before aging after aging

350 450
300 400 *

250 350 \

200 —&\‘\ 300 \

SR

Stress (MPa)
Stress (MPa)

50

0 160 2 00 [ 100 200 300 400 500
Test Temperature (°C) Test Temperature (°C)
-O- Al-258i
O Al~258i-2.0€u-1.0Mg b o Al-255i-2.5Cu-1‘0Mg (RIST H peakwaged)
-O- A1-258i-2.0Cu-1.0Mg-2.0Mn -W Al-258i-2.4Cu-1.2Mg (PEAK: as-received)
-O- Al-258i-2.0Cu-1.0Mg-1.0Mn-1.0Ni

/T ist
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~ Al-Fe-Si
- Al-Fe~V-Si
- Al-Ce~-Cr-Co
- Al-Cr-Zr
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- Al-6.0Fe-0.7V-1.1Si -

* from PennState
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Strength, MPa
&
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100.0

Al-Fe-V-Si

FV$1212{2.4) FV$1212 (5.0} Fyst212(8.n
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208
108
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0.0 L.

FVS1212RSR

* from PennState

10.0 150 wnn 540
Gas-to-Metal Ratio m’Kg
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Quete /g €Fvs 42

o AAEH UvlE /g A4 34
® FFAA 1A= Si-YA FA

chael 9% Hg Aol

O A~
T

= )=}
g B4k

- WetR g A 16~30wt% Si A7t

- WEEA T4 Hol]Z% (Fe, Mn, V) A7}

= ge7
- Al-Si-Fe
- Al-Si-Fe-V
- Al-Si-Mn

ok

3
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IM processed I

Al-25Si-5Fe

| As-spray CastJ

Al-25Si-5Fe

2

Composition (wt%) 175i-5F ¢ | 20Si-5F e[ 20Si-8Ni
[Base metal] [2024] | [2024] | (2024]
Density (g/cm®) 2.83 2.78 2.81
Thermal exp(X10%/K) | 17.2 16.8 16.2
Young’s modulus (GPa) | 100 103 107
Hardness [T6] (HRB) |84~92|88~94190~96
Tensile strength | RT. | 470 460 460
[T6] (MPa) [473K| 320 310 310
Fatigue strength(MPa) | 200 | ------ | ------

* from Sumitomo electric industries Ltd.

-54-



o}
=

Fulg Ay 2oy TeeE a4

ARSI-X &80 glojuzt A3 W EE
(Daimler-Benz & PEAK)
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* from PEAK's report
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- gray cast iron CHH -
. Approx. 0.5kg per liner.
A3 5E F7L

Sﬁ o e
29 225 Ik (~30%)
HC emissions i+ (~30%
up A A (<6%) ~

AR claaram i :
-)‘ﬁz-% #4, power ES

Q%‘.E"M 931""‘ %}.»
blow-by effect &+ > powervﬂ
aﬁgﬁiﬂ & sﬂffness—l %‘7}

i
;

-
* from PEAK's report ﬁ

* from Osprey Metals

Spray formed Al-80%5i
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Al contont %

Material CTE (8t 2070y k M
x10° K Watts'mK wom'
Aluminium 236 230 27
Copper 176 n 89
Copper-757 tungsten 88 190 e
Bervllium-p o beryllia 87 210 21
Beryllium-31% beryliia 15 220 23
Bervllia 12 260 29
Copper-85Tstungsten 72 180 161
ALBESIC 69 150 30
Copper-§3% molvhdenum 6.7 160 0
Alumina 6.7 A0 39
Kosvar 58 i7 82
Titanium 56 15 4.5
Maotybdenum s 140 102
Aluminium nitride 45 180 33
Sificon-50% aluminiom (CE11)* | 11.0 140 5
s 2 X

kel &9 Ff A H&a7
Cylinder liner =5}
Al-Wheel T8 ggﬁ, nadcy
Con-rod =3} g5
APEZLHIEE | Piston F4 ACBAZE yE, Werey ¢
Synchro-ring B}E
Shift fork Al diecast oley ¥
Housings Al diecast ZE, yotey, g B8
oo T | GAHY
oe dis %34 390F % s
FIAA e 4340 | IEE
FE Con-rod ﬂ'ﬁl,fcgg? TE e ey 3y
VTR cylinder | A2218%= ek 4] g
Pully Al diecast ol g4 gaF
Gears 3 rk
7 et Shafts SUS Pk
IC71¢
T87] 24

[Fist
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