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The Effects of Fabrication Conditions on Forging
Limitation and Mechanical Property
in Semi-Solid Forming Process

K. D. Jung and C. G. Kang

Abstract

The homogeneous distribution of solid region without liquid segregation is important in terms of high
quality component during thixoforming process. In closed die semi-solid forging process, liquid segregation
is strongly affected by injection velocity than solid fraction because the material has to travel relatively
long distance to fill the cavity through a narrow gate. The designed die by computer simulation data was
used to thixoforging process. The thixoforming velocity to prediction the liquid segregation had been
determined with strain rate associated with multistage velocity control during compression test of
semi-solid material. The optimal forging velocity and die temperature were investigated to produce the
near-net-shape compressor component. The mechanical properties of thixoformed component were tested
with various die and material temperatures before and after heat treatment.
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Table 1 Chemical composition of ATLHIX®

Si Fe Cu Mn Mg N Zn Ti Pb
Min(%) 65 - - - 030 - - - -
AT Max(%) 75 015 003 003 060 003 005 020 003
Min(%) 55 - 25 03 - - - -
865 Max(%) 65 015 35 003 04 003 005 020 03
Min(%) 160 - 40 - 05 - - - -

A3%0
Max(%) 170 04 50 01 065 001 005 020 003

B Ao ALgd LA gutdos RENd) B
o] AL&EHE F2E A5ZE ZTyPx FHA YA ARt
Hko 2 AzEoix A357, 865, A0S ol&3dtdch As
o] ghebd ME-2 Table 1o Jehfch

A3909] A4 A3, 8659 2@ BFAH FFozA U
nfEA o] Hojux wE-§ Aejol A fEAel 7] &
of o= B2 RE/NLC] ZdsE LAt

A7t AE-2 50Hz, S0kW-E-3e] FEr1d25 AMEst
Aok 2=7Elrt 4 7L FEE Y8iA Figl 9l
Uetd AAHE Add 3d1de 2HCA A7rE st
< sty

Figl & AR AF7A d7¢ de EdE 3
74l o3t} dofxl HHE whrel 1AHE A
Aot} A Ao AAA FzF A A=

ot

L [ ® [ ©®

1N, ¢16mm A=A SEE ALgSIAT. Selnd] 6
A, gReol2, sico] 10748l FHEEA SEE AHE
Sgo0 &eng el ¢18mme &

o K-type BANE AYste] FYLEE 24T,
Y LEE 2Ys ) e dske L= v

B F 085 A5 S Asgn

e

rol

=AM /4109 A3E, 20019/215



AAENS WA Y3k SelBde dtdx
aztutol EA &2AE AnEFEodE telfa" &
A4 (Boron Nitride spray)E AM88tgn Ao &
F AEE HE2SH A0 AL Sk

AN g FHE A3l Ao|EYYE AFH A
foje] AFE o] &t AP 2HAHS

A FEHS ekt FAARS AT,

HYo) B AZS AN 4AE A skl

216/34=

=2

A7t RE2 wsaq

x}m Aulele] FA57] Mol

ol whilo] AFES) TURAA FRG JKIEHo| A
gahs oz AZEc, gnb

}:ro} AYHA fEHAo

(a) initial gating system

Fig. 2 Gating system and modification
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(b) modified gate
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Fig. 3 Relationship between die and reheating
temperature
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Table 2 Experimental condition with pressing 80MPa
and pressign holding time(20sec)

Material jecti
Exp. Die Temp. e Injection

Temp.  Velocity  Filling

. Tt TLT) Vimm/s)

Defects

1 200 577 160
2 200 582 160
3 200 577 300
4 250 577 160
5 250 577 300
6 20 580 300
7 20 582 300
8 220 5717 160
9 220 530 160
10 300 577 160
1 300 580 160
12 30 577 30
13 300 580 300
14 330 580 160
15 30 580 300
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* UF.unfilling, D.F.:defective filling, CF filling complete
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Fig. 4 Photos of products with various filling
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Fig. 5 Filling test for Al frame with modified
gate(A357)

3.1.3 Filling test

Figse 27 AB7¢ S AHEEE 300mm/s, A7)
25 577C, B82% 250TY &7dA AAE 24 H
2E9| A7E viehd Felth Figh (o) ¢ %% filling

7HAE ay gdd FHEEE ol ok ey
& W0%FE FH Pdol #sha o Fig6d T4
& 0%0lF9 fF e =HHez FAF Aot
Fig6 ol "etd 3Ad @F-2olA 4% 2d5z ft&
o] Hgro] wpHoIAL glor, B @F-EolME AF
Aoz AN WFEE fAstL Yot ©OFEE AR
ol o3 5o WFo| AALHA Mlsht DFEollA
 Adudes Fdo] ofFoAL | Fo 5 ¥
ol v Aoz AztEth wlebA Figh (D9 9%
ZHEE 1y FFo0= AHEr WA FHo| o]Fof
At 5L A el ds) AvERY emE
297F ©A S| o]FfA 1L FR|E] S| o] F
Ae A& ¢ & vk mBA P =A FH-e] o] Fo
A& Figd (b)) £ SAF-EAA BAE @FE
M 7P B2 Aol Sl

2M7F23E XI/A)108 A3E, 20014/217

r-mo\l



ox

SRR
S
Oy

SECT A—A’
© fL \

Fig. 6 Flow pattern of Al frame at 95% filling
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Table 3 Maximum load values with various alloys
and semi-solid forging conditions during

filling
Material A3T &S | A0
Velocity(mm/s) 310 | 120 370 120
Load(ton) 438 | 503 | 433 | 381
Die Temp.( C) 250 200 100
Mat. Temp.( C) 577 573 563
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Table 4 Heat treatment condition for A357 & 86S

Mat. Type Solutionizing Cooling Aging  Cooling
S Water quenching  6hour Air
none on stripping -170C  cooling
A37
10 hour 6hour Air
Wi hi
T e aler Quenching 176 cooling
Water quenching  10hour Air
15 none .. . .
on stripping -170C  cooling
&S
6 hour 10hour Air
Water hil .
T e AT QUECITE 170 cooling
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