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The Effect of Gate Shape for Semi-Solid Forging Die on
the Filling Limitation

Y. L Son and C. G. Kang

Abstract
To obtain high quality component with thixoforming process, it is important that the homogeneous
distribution of solid particles without liquid segregation. In closed-die semi-solid forging process, liquid
segregation is strongly affected by injection velocity than any other process variables because the
material has to travel relatively long distance to fill the cavity through a narrow gate before solidification
begins. The optimal injection velocity and die temperature were investigated to fabricate near-net-shape

compressor component called Al frame.
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Fig. 1 Temperature measuring point of billet
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Table 1 Chemical composition of ATLHIX®

Si Fe Cu Mn Mg Ni Zn Ti Pb
A357 Min(%) 65 - - - 050 - - - -
Max(%) 75 015 003 003 060 003 005 020 003
86S Min(%) 55 - 25 0.3 - - - -
Max(%%) 65 015 35 003 04 003 005 020 03
A390 Min(%) 160 - 4.0 - 0.5 - - - -
Max(%) 170 04 50 01 065 001 005 020 003
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Fig. 2 Reheating condition and temperature profile
during reheating of A357 to produce Al
frame
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Fig. 3 Temperature difference during reheating of
A357 to produce Al frame
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Fig. 4 Reheating condition and temperature profile
during reheating of 86S

- 180 -



32 Al frame PHE8 MEAE

321 gate ANl wE HyM

Fig5 (a)~(c)e Z7\HA A AER Y F W &
A& B8 AoERNS 474 vehd et Figh (a)
' 27 AEZHozM YRR AF FAE)
Fig8 (©A HAFE uie} o] 0%oldez F35
2 oksitt ¢lel Qe At Az gokdrh WA
gate® FHsle 2A7F 2HE cavitydl $R57] A
Z4R coreo] 3] ol upHo] AFe EURAA
R Il AgyR Rie Aog AAREd &
A, £YBE WAL A7} coreE AUEAM FFE
Ho) F43] FOAEAE YUz AEH AL
2 £e8e FUT FHE Adstn BF FHZ 5
oigle} 7igtEel £alol ®ol WAdE Aoz Azd
.
e BAE 237 A8 Figsb)olA RogFE o
9} o] FUYR cored) EO|E RFL BRES FEF
FAHAL. £PBY FHYREE FAMHoZ FHA
on 7igteo] 83 HBESF USRE gated A
aAse Figh )9 Zol 3& st HPLAEE 3t
ek

-

sleeve

sleeve

(a) initial gate [ (b) modified gateIl

(c) modified gateIll

Fig. 5 Gating system and modification

Figs (b)9] AlClENx &2 Bt Augite] it
olg] FA(Gated =ol)7t 26mmzA FEBA 300T9
dde] Wasta, 53L& I 128 FAHHAM S0ton
olde] k5ol ¢£H o A3y dio) MYPes A
T flushd e 247 ot flush7t 8% o 339
guide ping 22 Fo| 5ol FYo| EHA AU,
FEE 298 W Y 7o FxF Yo] g |
Fol AA B ¥ flush7h HAAHT. of T A
g Fig5c)A RAFE vl Zo] 5849 3
F3te AlolEe FAEolE SommE FAIUG 28

U &elEst cavityrteld] Agrt HolAlmg YYAHE
FARNAA gated HAE 18mmz Fs}es F
5 core®] ¥O1E InmAE RFo] FHE FAIA
o 86SH A3%09] 71AH AAE 2AE] A3t gate
melA 38 AFez 4

322 gate lloliAe] MelM

Figb (a), bt & AE4&=7t 247 300mm/secst
160mm/sec?l 24 2A9 AtE 2E% FYELEE
HWEg dle] wheg G2AYS S9S o AYEE U
el Zolth Fig6eh Table 4914 yebd AAH 44
o] 27} Holx W AEEFY B Rl @
o] WAE =) o] A3T70] BOTO|FLE %7} Fof
A aAEo] H% DA EH Be BFEY F
7 FERE FMAE Aoz B dAT 233
24 X gAlolyq AYHY(Liquid segregation)S
Yo AjAel AUz .

583
o) A Defective Filling
558 &k —
© @® Complete Filling
o 581
Q
E 580 A—k &
@ 579
£
§ 578
2 577 ——A—0—®
576 1 1 1

150 200 250 300 350 40
Die temperature
(a) Vp=300mm/s

583
M Unfilling

©se ——M—
© A Defective Filling
5 581
o
£ 580 Ak &
o 579
£
© 578
S — A A————
8 s77

576

150 200 250 300 350 40
Die temperature
(b) Vp=160mm/s

Fi

g. 6 Relationship between die and reheating
temperature

- 181 -



wald, AKTSl 29 STHEY &M R¥s)
£ Ro] Hyalt}), Table 4ol TS FYAT 57
5TolAbe] Hojob $AF o] o]Fo|x|7] WEe| Al
frame YA AB79] A7HY LEE 55T} 580TA]
X HYere Aol FFdh APeME 2% 57
7C, A24E 00mm/slN 7H & APAE uth

2ALE ST, A2EE A0mm/sINE TholE
7t 250Ce A9 30T o AP Fole B2 U}
e ggreh 2del L7 300T7 S thols] &
Boz slolcly Eof vpgo] AAN FA ARt
AT RHAT A2 B FEF FABe| Yol B
AsAnk debd g ARA tele] LEE 30T
b uigd sda 4Zed? meq ATe YL
= 50ToIN AES HPsigich

Table 4 Experimental Condition

* Pressing pressure:80MPa, Pressing holding
time:20sec

Ta m -

No. c) (T) V Filling Defects

1 200 577 160 UF.

2 200 582 160 UF.

3 200 577 300 DF. Liquid segregation at @
4 250 577 160 UF.

5 250 577 300 C.UF.

6 250 580 300 D.F. Liquid segregation at @
7 250 582 300 DJF. Liquid segregation at @
8 280 577 160 DJF. Liquid segregation at @
9 280 58 160 DJF. Liquid segregation at @
10 300 577 160 D.F. crack at @

11 300 580 160 D.F Liquid segregation at @
12 300 577 300 C.F. )

13 300 580 300 D.F. Liquid segregation at @
14 350 580 160 UF.

15 350 580 300 D.F.

U.F.unfilling, D.F.defective filling, C.F.filling
complete

T4«TC) : Die Temp.
Tw('C) : Material Temp.
V(mmy/s) : Injection velocity
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Fig. 7 Photos of products with various filling type
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Fig. 8 Filling test for Al frame with modified gatelll
(A357)
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Fig. 10 Load variation as a function of time for
forming Al frame with A357

Table 5 Maximum load values with various alloys and
semi-solid forging conditions during filling

Material A357 86S | A390
Velocity (mm/s) 370 | 120 370 120

Load(ton) 488 [ 50.3 | 433 | 381
Die Temp.(C) 250 200 100
Mat. Temp.(C) 577 573 563
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Table 6 Heat treatment condition for A357 & 86S

Mat. Type Solutionizing Cooling Ageing Cooling
Water quenching _ . .
A357 T5 none on stripping 6 hour-170C  Air cooling
T6 10 hour-540C  Water quenching 6 hour-170C  Air cooling
Water quenching 170 . .
863 T5 none on stripping 10 hour-170TC  Air cooling

T6 6 hour-505C

Water quenching 10 hour-170C Air cooling
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