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Table 1. Process temperature and amount of heat to be removed used in various

forming processes.

Gravity Press—-cast Thixoforming
Process 740 °C 700 C 580 C
temperature
Thermal energy - cas ¥ .
to be removed 637 Joule/g 595 Joule/g ! 288 Joule/g

Table 2. Mechanical properties of A356 Al alloy fabricated using various processing

methods
. ; . |
Heat Yield Tensile Elongation = Hardness
Alloy Process treat ¢ strength | strength (%) (HB)
ment (Mpa) | (MPa) °
SSM 240 320 12 105
A356 . v N e =
(A17Si0.3Mg) PM T6 186 262 5 80
CDF 280 340 9 -

Note : SSM - Semi-solid metal processing
PM - Permanent mold casting
CDF - Closed die forging



Table 3. Weight reduction of suspension system when replacing conventional steel
parts with aluminum alloy.

Weight in grams

Front suspension system part name Steel | Aluminum Reductions
Upper control arm, front 750 250 500 6%
Upper control arm, back 300 300 500 62%
Suspension arm 18350 700 1150 55%
Steering control arm 2100 1100 1000 48%
Support 190 120 70 379
Suspension arm bearing 300 140 160 53%
Shock absorb bearing 185 130 55 30%
Bearing for steering control arm 370 280 90 25%
Knuckle 6950 3900 3050 44%
Total per side 13495 6920 6575 4994
Total per vehicle 26990 13840 13150 ! |

Table 4. Advantages of thixoforming over conventional processes.

Advantage Description Remark

Environmental cost No liquid metal handling is required.

Due to minimization of solidification | Up to Imm wall

Nearness to net shape ) .
D shrinkage thickness

Mechanical properties Consistency and soundness

Design complexity Ability to make complex shape

Via alloy substitution & tighter | Approx.

Weight reduction . ) ,
dimensional tolerance 40%down

Production rate Shorter cycle time

Extended as a result of process

Die life .
e e conditions

About 30% up

Due to increased cycle time & reduced

Cost down .
machining




Table 5. R&D activities conducted by Japan Rheotech Ltd

Contents of R&D |

T

Materials

Outline of Results

* Physical Properties

VISCOSILY
primary gral
-solidification
-deformation

Al & Cu allovs,

2.5%C cast iron

Al & Cu alloys,

25%C cast iron

Su-Phy Al & Cu alloys,
STS

Al & Cu alloys,

0.64%6C steel

n growth
rate
resistance

predicted as a function of metal composition,
cooling rate and stirring intensity

gramn growth prediction for

primary crystal particles

prediction for growth rate of solidified shell
of sem solid metals

a constant ().I%kg/”mm", deformation

resistance at fraction solid less than 0.6

* Continuous

-mechanical sturing |
electromagnetic stirring !
-shearing/cooling roll

Al & Cu alloys,

2.5%C cast ron

Cu alloys, 2.5%C cast iron,

various steel |

(0.1%., 1.0%, STS)
- Al & Cu allovs,

25% C cast iron

casting

fraction solid upto 0.5 can he produced
continuously

if fraction solid less than 0.25, even 0.1%C
steel can be continuously produced

fraction solid upto 0.5 can be produced
continuously

*+ Forming

~thixo-diecasting
-theo-diecasting

-forging
—extrusion
strip casting

-ingot making

- Al & Cu alloys,
25%C cast ron, STS]
Al alloys, gray cast iron
Al & Cu allovs
Al matrix SiCp composites

- Sn-Ph, Cu allovs, STS

Al & Cu allovs, STS,
1.0%C steel

- enhancement of internal quality

superior in internal quality

- appropriate processing speed / preventing

macro segregation of solid and liquid

the extrusion pressure for semi-solid
phase must be 60% of that for solid
reduction of cracks on cast strip and high
speed casting

- reduction of segregation and upgraded

hot workability

Table 6.

Raw material producers and suppliers.

Compa .
! Productions Remarks
ny
" . A Owns patents for both MHID castings and
Alumax Produce S8N feedstock of 16000 ton per S‘Il\l; l'l‘he v produce  feedst &k ;
s L R R SIMA. sy only oduce  feedstock  for
(LUISA) vear in Ferdale, Washington, USA e Yo . .
their own in house semi solid forming
Dow s . . [ .
. . Produce I'hixomag Mg alloy for l Mhixomat reports  that this  feedstock
Chemical B Lk . L . N
er I'ixomolding © process material 1s supplied in quanties of 450ke.
(USA)
) . . . Currently building a $15 million plant in the
Ormet Produces 3 and 4 inch billets, and will - ) £ e l,__,
e - . . USA to produce A356 and  A357  alloys
(USA) produce 5 and 6 inch billets. ) - )
under‘ the licence of French Pechiney
. Supplies 3 allovs,  A356,  A357, and
Pechiney e . . . . . . o
(France) Al Si7CusMg, in both 3 and 6 inch dia. | All feedstock is shipped to the USA
France )
hillets A
Alusuiss , . . . . "
Produces 3 and 4 inch dia. billets in | Also produce SSM components for
e L ; o
L. Chippis, Swiss automotive applications.
(Swiss) N
. Recently installed a production line for |
Stampal . . . . .
casting vertical billets with 3 and 4 inch
(Ttaly) .
dia.
Althix Produce SSM Al alloy billets under the
(Japan) license of Pechinev




Table 7. Companies producing semi-solid castings

Company Location Business area Remarks
g Louis Produces parts weighing from 10 | Produces air conditioner
o T grams up to 10 Kg, and as large | housing, rocker arm
Alumax & Jackson, . . . }
USA as 500mm 1n diameter. Production | pedestal mount, etc for
e capacity of 50 million per year Big 3
The highest volume manufacturer
CMI Detroit. MI of sqeeeze castings in‘ ‘USA' now
. . plans to compare the SSM process
International USA . .
with  squeeze casting and other
casting processes.
Developed
L owder-metallurgy based
Denver, Produces small parts, weighing p‘ R rmetaliurgy ase
Formcast \ _ SSM process to produce
USA less than 450 grams i
near-net shape 20~
H0%Be-Al allovs
Hot Metal . - s
W( i inegd Arkadelphia | Produces 5000 SSM parts a day
ork X .
USA for GM using Buhler SC machine
(HMW) ! B
Johnson Plymouth, Installed a Thixomolding™ machine
Controls MI, USA to produce SSM Mg alloy parts
Madison-Kip | Madison, | Under investigation of SSM
p WI, USA process
. . Produce fuel rail for Ford,
. Caselette, Produce automotive & aerospace roduce fuel rail for Ford
Stampal Taly arts rear axle component for
~ b Fiat (Fig.9)
Thixomat Ann Arbor, | Installed a Thixomolding® machine
MI, USA to produce SSM Mg alloy parts
General Saginaw o
. Classitied
Motors MI, USA 1Ssi
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Table 8. Automotive components producing from Alumax

car maker discription(Year) part name volume(unit :© milion)
CHRYSLER 3.5L0"92) rocker arm pedestal 1.5~20
1 1 timing helt bracket 0.2
FORD [FS100°99) air~con comp housing(FR) 0.5
- i i 1 air-con comp housing(RR) 0.0 -
1 SIGMA('95) fuel rail 05
1 ‘ ZETEC('95) 1 05
CHRYSLER PROWLER('97.5) SUSPENsion arms 02
1 Cad STSU975 engine, transmission bracket
GM S & TC98) | brake master cyclinder 0.8
t GMT8000'99), 34mm | 1
1 GMT8000'99), 37mm 1 1.6
1 GM H car 1
1 GMX 1600'99) engine/transmission hracket
1 GMX 220099 1 1.0
1 GMX 3100'99) !
| FORD i SIGMA(99) fuel rail 0.4

Table 9. SSM automotive components under productions and developments in Europe

car maker car name part name producer | alloy type status
ALFA ROMEO SPIDER rear multilink subframe stampal 357-T5 P
1 156 front suspension triangle |allusingen|A356-T4/T6 1
BENZ S-CLASS suspension triangle & arm f A356-T6 T
3 German company front suspension parts A356/A357 D
3 major ¢ , steering knuckl AS6TE f
major company steering knuckle A3S7-T5
o N florence
PEUGEOT 206 bracket . 3B7-T5 P
peillon
FIAT PUNTO 7 stampal 1 1
FRANCE 6 car nodes 1 1 1
o . magneti
FIAT fuel rail ) A356-F 1
marelli

P: under ptoduction, D: under development
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Fig. 1.  Thixoformed master cylinders (fabricated by thixoforming (left) and
permanent mold casting (right)) show better near net shape.

Fig. 2. Various suspension components fabricated by thixoforming process by Alumax.
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Fig. 3. Picture showing the thixoformed steering knuckle(heat treated A356)

120
100 T
80+ metal
(%) ] die
60+ 7 1abor
energy and
40 + { running costs
o Il investment
0 } } - }
Forging Squeeze  SSF SSF(Internal recycling)

Fig. 4. Comparison of costs for forging, squeeze casting, thixoforming and
thixoforming with internal production’



Fig. 5. A picture showing a rear multilink subframe, the world’s largest thixoformed
part which weighs 15 pounds (made by Stampal)
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