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Reheating Process of Metal Matrix Composite for Thixoforming
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ABSTRACT

The fabrication process of particulate metal matrix compositestPMMCs) with homogeneous distribu-
tion of reinforcement and reheating for thixoforming has been studied.

Both of eletro-magnetic stirring and mechanical stirring were used to fabricate particulate metal matrix
composites(PMMCs) for variation of particle size. The electrical and mechanical processing conditions
for fabricating PMMC:s are also suggested. For thixoforming of PMMCs, fabricated billets are reheated
by using the designed optimal coil with as function of length between PMMC billet and coil surface, and
coil diameter and billet. The effect of reinforcement distribution according to variation of billet tempera-
ture were investigated with solid fraction theory with a function of matrix alloy and volume fraction of
reinforcement.
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Table 1. Chemical composition of A357

Si|Fe|Co|Mn|Mg|Ni|Zn| Ti | Pb]| Sn
A357) 7.5 10.1510.03)0.03)0.6010.03)0.05}020{003] -

Table 2. Chemical composition of Silicon Carbide Particle

SiC | F-C [F-S8i0,| T-Fe | PH
GC 99.0 | 004 | 055 | 0.07 |5.0~7.0
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Table 3. Fabrication conditions of metal matrix composites

No Melting Temp. | Stirring Speed |~ Mixing Distribution
(x] [rpm] Process State

1 650 600 mechanical | non-homogeneous

2 650C 300~400 mechanical | non-homogeneous

3 650 1000 mechanical | non-homogeneous

4 670C 600 mechanical | non-homogeneous

5 95 60 mechamcaH' partial
electro-magnetic | non-homogeneous
mechanical +

6 $95¢ 1200 electro-magnetic homogeneous

10/m
—

Fig.1. Microstructure of metal matrix composites fabricated by
melt-stirring method (650, Particle size 25m)
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Fig. 2. Schematic diagram of the metal matrix composite fabri-
cation apparatususing electro-magnetic and mechanical
stirring process
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Fig.3. Microstructure of metal matrix composites fabricated by
melt-stirring method (670 ¢, 600rpm, Particle Size 25;m)
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Fig.4. Microstructure of metal matrix composites fabricated by
semi-solid method (595, 15 Voi%, 600rpm)
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Fig. 5. Microstructure of metal matrix composites fabricated by
semi-solid mixing process (Matrix temperature 595¢,
Particle size 25m and Stirring speed 1200rpm)
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Fig. 6. Microstructure of metal matrix composites fabricated by
semi-solid mixing process (Matrix temperature 595¢,
Particle size 14;m and Stirring speed 1200rpm)
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Fig. 7. Positions of thermocouples during the reheating process
of metal matrix composites
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Table 4. Recommended air gaps {1/2 (Di—d)] and coil wall
thickness (d.) for through-heating coils

Frequency | AirGaps[/2(Di~d)} (mm) | Coit Wall Thickness (dc:mm)
10KHz 3 32
25KHz 2 1.7

Table 5. Material properties for calculating the composites

propeties
"Material | Parameter | Symbol [ Unit | Value| Ref.
Thermal
.. W/mK | 152
AT | Conductivity pom fo04a2| 1%
Resistivity
Thermal
SiCp | Conductivity w;“;K i)l? (20}
Resistivity P # )

Table B. Property values to design the optimal coil length of the
metal matrix composites with d x/ = 40x50mm, { =
20kHz, & = 0.65mm
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Parameter Symbol |  Unit Value | Ref.
Maximum Surfa'ce-Center 66, K 3
Temperature Difference

Thermal Conductivity K WmK | 1478
[dealized Power Density | P, | kWim' [ 4434
Resistivity of MMC p. plm | 0.0478

Magnetic Constant § Hm | 4ex10” | 21
Angular Frequency ] ads | 4x10'
Finite Current.Depth of 5 o lomsxi”
Penetration
Actual Power Density P kwm' | 4167
Thermal Power P kW 0.256
Production Rate P, |Dimensionless| 0.01¢h | (22
Thermal Capacity g KW | 2564ht
Minimum i‘::’d e T e R
Billet Diameter d mm 40

Minimum Heated Length ly mm f

Table 7. Designed dimensions of induction heating device
{f = 20kHz, & = 0.65mm)

Volume Billet | CoilInner {Min. Heating| Optimal

fraction | Diameter | Diameter | Length | Coil Length
(%) (d:mm) | (D;:mm) | (L:mm) | (H:mm)

5~15 40 4.6 2~44 671~119

Fig. 8. Relationship between temperature and solid fraction of
semi-solid alloy(A357)
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Table 8 Reheating conditions for thixoforming of metal matrix
compos-ite fabricated by semi-solid mixing
process(Particle size 25.m Test specimen @40 x 50)

Test Heatingtime | Heatingtemp. | Holding time
Vol%| specimen t,(min) T t,(min)

mm) |G|t te | T |Te{Ta|t|te|t
0 32 L asegsrese2l t|1t2
5 31 v |S01 (5751580 1 ]2 1
o | POBO 3 Ly son (s (se] 1 |2 |
15 3P0V )S00 5755931211
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Fig. 9. Relationship between fiber volume fraction and incre-
mental temperature to increase from temperature-solid
fraction curve to obtain the reheating condition of MMCs
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Fig. 10. Schematic diagram of reheating conditions to obtain
the semi-solid metal matrix composite material
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Fig. 11. Designed temperature and measured temperature-time curve during reheating process of A357 billet
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Fig. 12. Relation between reheating time and temperature difference (surface@ and middle of Fig.7) during the reheating process
of metal matrix composites fabricated by melt-stirring method (Matrix temperature 670, Particle size 25um and Stirring
speed 600rpm)
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Fig. 13. Relation between reheating time and temperature difference (surface@) and middle@ of Fig.7) during the reheating process
of metal matrix composites fabricated by semi-solid stirring method (Matrix temperature 598°C, Particle size 25;m and Stirring

speed 1200rpm})
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Fig. 14. Relation between reheating time and temperature difference (surface@@ and middle® of Fig.7) during the reheating process
of metal matrix composites fabricated by melt-stirring method (Particle size 14m)
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Fig. 15. Relation between reheating time and temperature difference (surface® and middle® of Fig.7) during the reheating process
of metal matrix composites fabricated by semi-solid stirring process (Particle size 14m)
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