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The Effect of Plunger Tip Shape on the Formability
in Semi-Solid Die Casting Process

P. K. Seo, Y. L. Son and C. G. Kang

Abstract

In this study, an innovative semi-solid die casting technology to replace heavier cast iron compressor
parts with lightweight aluminum castings was proposed, and the application possibility for home-appliance
component was investigated. The most important factors regarding the semi-solid die casting process are
the reheating process of the raw materials to the semi-solid state, specifications of the forming machine,
the optimal injection conditions and die design. Materials used in this study were A357 and A3%0 alloys
fabricated by the electromagnetic stirring process. The optimal injection conditions for semi-solid die
casting process were presented with the reheating conditions of the semi-solid materials. To investigate
the effect of plunger tip shape on the formability and mechanical properties in semi-solid die casting
process for complicated shape part, two kinds of plunger tip shape with long and short plunger tip taper
are proposed.

Key Words : Semi-Solid Die Casting, Reheating, Optimal Injection Condition, Plunger Tip Shape
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Table 1 Chemical compositions of ALTHIX""

Si Fe Cu

Mn

Mg Ni Zn Ti

A357  Min(%)

Max(%)

6.5 - -
75 015 003

0.03

0.50 - - - .
060 003 005 020

A390 Min(%)

Max(%)

16.0 - 4.0
17.0 5.0

0.1

05 - - - - -
065 001 005 020
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(b) Direction of metal flow with taper plunger

Fig. 1 Plunger tip and flow direction of semi-solid
material during moving initial plunger tip
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Table 2 Initial experimental conditions for casting cylinder block with A357

Exp. T«(C) T3 Injection Condition
No Fixed Moving n(©) s(mm) v(m/s) t(s) p(bar)
| Max:220 Max:223 581 120 360 1.1 L1 00 0010 600 600
Min:187 Min:158 420 471 0.7 07 0.015 1200
Max:204  Max:242 120 360 1.1 1.1 0.0 0010 500 500
2 Min:187 Min:172 585 417 420 11 0.6 0.015 1100
471 0.6
I_ 47 ‘sl 1
| |
/a'\ o Shx L Rt
| N . N = 12] i
1@ . S g ! £ 10] ST T \
C,Q( DO el EXTY S
R/ S g 0.6 // _?
UV ) _‘ : ; 041 J ' ‘
\} s § Z:n T ‘ %00
\ Stroke(mm)

Fig. 2 Geometry of gate and runner systems
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Table 3 Experimental condition for casting cylinder block with A357

Exp. T C) Ta(C) Injection Condition
No. Fixed Moving " $(mm) v(m/s) t(s) p(bar)
Max:207  Max:213 581 120 360 1.4 1.4 00 0010 550 550
1 Min:186 Min:161 417 420 1.4 0.7 0.015 1100
471 0.7
Max:213 Max:223 581 120 360 1.2 1.2 00 0010 55 550
2 Min:183 Min:170 417 420 1.2 0.6 0.015 1100
471 0.6
Max:199 Max:226 581 120 370 07 07 00 0010 55 550
3 Min:184 Min:187 420 445 1.2 1.2 0.015 1100
471 2.0
|<—Stroke(mm)->|<— Time(ser) ——»]
I? A
o= 1200 F =,
g i g |
'g L o 2 g
< Ls ® =
§ 1.0 300 = J
0.5 1
Fig. 5 The shape of modified plunger tip
Fig. 4 Injection curve for semi-solid die casting with
A357 (Exp. No. 2 in Table 2) 312 EHXA He| 2ot 2 E(6:=20mm)
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Table 4 Experimental conditions for casting cylinder block with A390

Exp. Ty(C)

Injection Condition

No. Fixed Moving Tw(C) s(mm) v(m/s) t(s) p(bar)
I 126 134 570 120 360 07 07 00 0010 600 600
422 445 1.2 2.0 0.015 1200
5 143 145 570 120 360 07 07 00 0.010 55 550
417 14 0.015 1100

1.4

1.24 a
P
» 10 /
£ /
35 0.8 /
Z /A K L
goey // -—
@ 04 // —a&— Exp. No. 1
> / —e— Exp. No. 2

0.24 /, —&—Exp. No. 3

0.0 T —— r -

1 100 200 300 400 500

Stroke(mm)

Fig. 6 Velocity variation as a function of displacement
for semi-solid die casting with A357 (Exp. No. 1
and 3 in Table 3) and A390(Exp. No. 1 Table
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Fig. 7 Injection curve for semi-solid die casting of
cylinder block components with A357
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Table 5 Defect phenomena for variation of semi-solid casting conditions

Material ~ Exp. No. Defect Phenomena Fig Plunger tip
1 Defective filling Fig. 1
Table 2
2 Defective filling Fig. 5 Fig. 1 able
A357 1 Surface defect Fig. 10 Fig. 6
2 Surface defect Fig. 6 Table 3
3 Good surface Fig. 11 Fig. 6
1 Defective filling & cracks Fig. 12
A0 2 Defective filling & cracks Table 4
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(a) front view

(b) side view

Fig. 8 Positions of cylinder block product to investigate
the defect phenomena and microstructures

(c) Point [B] () Point [E]

(b) Point [A]

Fig. 9 Defect phenomena of cylinder block parts with
A357 for the conditions of experiment 2 In Table2
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(b) Point A (c) Point C

Fig. 10 Defect phenomena of semi-solid die cast cylinder
block components with A357 for the conditions
of Exp. No. 1 in Table 3

(d) Point D

(b) Point B (c) Point D (d) Point E

Fig. 11 Defect phenomena of semi-solid die cast cylinder
block components with A357 for the conditions
of Exp. No. 3 in Table 3

(b) Point B

(c) Point C (d) Point C

Fig. 12 Defect phenomena of semi-solid die cast cylinder
block components with A390 for the conditions
of Exp. No. 1 in Table 4
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Table 6 Heat treatment condition for A357

Material ~ Type Solutionizing

Cooling Ageing Cooling

A357 Té6 10 hour-540°C

Water quenching

6 hour-170°C Air cooling

— Tensile test specimen

£
£
9 35

— Wear test specimen
€ 7.85
£
mem surface

Fig. 13 Specimen dimension and positions for tensile
and wear tests

SECTIONH-H'

Fig. 14 Positions for hardness test
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