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Heat transfer behaviors between metal and die during filling process of
thin-wall aluminum alloy under high pressure die casting conditions
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Abstract: The thin-wall AlSi10MnMg aluminum alloy samples were prepared by high pressure die casting. The motion
laws of press-shoot ram were recorded by a high speed camera system and the heat transfer coefficients between the
casting and mold were calculated by the energy conservation equation. Therefore, the effects of different heat transfer
coefficients on the simulated filling results were discussed. The results show that the filling fluidity length increases with
the pouring temperature increasing; when the filling process is above the liquidus, the filling time and the heat transfer
coefficient increase with the pouring temperature increasing. However, when the filling process is below the liquidus, the
changes of the filling time and the heat transfer coefficient are insignificant. The simulations using the heat transfer
coefficient which is calculated by the energy conservation equation are well consistent with the experimental results.
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Fig. 1 Drawing of fluidity specimen (Unit: mm)
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Table 1 Fluidity length of fluidity specimen with pouring

temperature
Pouring temperature/K ~ Lg/mm Lg/mm AL¢{m
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1013 810 >940 >0.13
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JE RS Sk BRI 2, 7 0.620 s Z FT 8 R AT
TR, 15 0.620 s Z Ja WA RS IS RE, i 2 siig KT
WILEBEE 0.620 so I IR RS, #A43)
VR 58 B B VTR R R e, Rah It
I TR LA B AR 1 v PR VB S R s T AR R A7 A
—SEFRRE B IS AAEIR , RO B R R A 5 SEBR 1
JE S —HRY S AT 2 0.020 s TR 2 0.042 s
W ZIF 4, hgrhfade — K40 0.040 s P&, 16
- RWAEIX 0.040 s 158 3 S b S kb T R4S
TEIRSHT, R LA sl R I8 45 £ R g i itk
71, HEHERGELTRHURE, SR TH R
b, YIRS IR, SIS FEH Bl R A i Sk A
S NAEARXZ SN, F SR R 5 5 2 TRl R BE
PR AR ) A N B EHE T 38 By e B v e K R
B X — R A R SRR R G TR R T,
U s SR Sk s B KR R AR ) R AR S iS5,
T 2R e AT I S8 A AN i () i A9 P o ¥ DA B
(bR, DRI, FEUB I 2 b Skt 125, 4k
R E 5, RSk gk SR8 e M iz sl .
ML 6 FT7s (1) e 5 i Sk 38 5 — P ) il £ o] LA
tH, FERSRIEBI B, AR BB i, FLE
i H 5252 (E 300 mmy/s TMiTIA 800 mm/s, SRS EZ) 0.042
s N ZITEAE— KL 0.040 s (T4, I FE77 4R
I RO S5 0 A — I T e b s 6 —3G. R
JE SISk DL 2 {E 300 mm/s (38 [ i R 2 12 80, 7
290.620 s I Z, PESEREMRITIFE, A ki ik
BRSSO G 0, £ 24 0.656 s %1
ILBILIEAEZ) 4 100 mm/s, AR5 BEIK, 764
0.670 s I ZT8 5 %4 0 mm/s, M3 FE I 0.036 s,
PRI FE AT 0.014 5o FRSH Sk AE R 56 2 Y AEAHXS
EHE PRI — Pl S SRR S 3R 2 [R] )
PEYER Ty, —Fpt s s B ). & ek
PRGN B B R Y — Rl A 4 E
PRV R, e B T4 S A (RS 2 S Y Bk
JCROBEAEVE R, A 4 S o e U BE TR V2 AH U ) E T A%
BU S v D 95 Al Y L NN T a1 Pt SN 2 - EE N
R N LN - T 5 A O F S R P i L R R0 -
PRI AR e, e T S AR AR Ik S e b
AW 7 T RER R A48 4k, sl J7 [ & AR AR
AR A Z BT M B AEsE5 & ar LOW
3|, HIGHGEFEHILT 3 Mg BIA I I,
SRS RFRpaE . R JE AR I I 43 R M A 42
77 AR AL T A8, X FPARAb 5 K BE T AH
R, EEAEA RS Sk R G B m A AR
SRRy, FEREERE R 1.5 mm, L4 R Gk



3036 A G A R

2013 4F 11 H

TR W (77 T R AR S R 2, G R A R 1
REEE RORIG N, R SR i Sk TR Il 12 2 k-, 7m Y
SE o
Y 6 Fr 7 S Sk A R —IF T T 2 11 A i ) 58
RO, BIAS B4 R I AR AE SRS R 2 Jis S sl B e S o
Sk A —t i g, w7 Pros. SREELE 7 h
(il 2 B o2 SE IR B HE A AT, L) B(<',L}) AN
C(zy Ly), e AW, Ly)RBREAERMN 2R)
T 2R s I R0 2 1) s S e Skaz sl g (1), A7 %)
B(r", L) m K 4 i J 4k 70 20 2 1 K FEE I 056 B 1)
JESF Sz ZN (R, A7) C(r,, Ly) RONE RN
AT IR 5 B 70 78 4 B R 85 B 20056 1. 1) s St o Sk dg
BT, A7),
HA RS Sz B A

r=r'-7" (15)

—— (16)
AR A AAAN PT s 4 J A

Ly - F = (L = Ly) Fpunger (17)

(Lg—Lg) F =ALg - F = (Ly — L) Fppynger (18)

A s Frunger A S 1 S A T IR

C(r, Ly) MEMENIRE 7 Mk A,
C(r, L) rSEBEAME 1 1 013 K BEELAM I
ALy HIARNKAR)RIAIRAT Ly, ¢ ¥ L, AR 1
1 013 K B4 N L AEAAANNA7)RIATSKAF Lo
WL Low Ly, N 7 iiZerP it oy 7, AR
KASHFAG) IR 7 1o [FIEE, AR E BT
WS NI oy o fil, R 2 A RENAFEAEA R
PERE NI 1 i

F2 AFRREWLE RS 78 LI 8]
Table 2 Filling time of fluidity specimen at different pouring

temperatures
Pouring temperature/K 7/s T5/s
923 0.002 1 0.001 2
953 0.003 3 0.001 2
983 0.003 5 0.001 2
1013 0.004 4 >0.000 9
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Table 3 Related Parameters in calculation

Parameter Value
Area of section of
, 0.000 015
fluidity specimen, F/m
C/(kI'kg K- 1245
T/K 923, 953, 983, 1013
T /K 897
Jser 0.25
P/m 0.023
pl(kgm™) 2472
Tw/K 355
Li(kI'kg ") 332
T/K 879
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Fig. 8 Heat transfer coefficient of fluidity specimen at

different pouring temperatures
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Table 5 Filling results of experiment and simulation
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Table 4 Filling length and tip temperature during filling

process finished

Fluidity length (mm)/Tip temperature (K)

Experimental Simulation with Simulation with
result present HTC default HTC
570/923 570/879 Full/884
700/953 700/879 Full/892
880/983 880/879 Full/909
>940/1 013 940/879 Full/932

Pouring temperature Experimental result

Simulations with present HTC

Simulation with default HTC

T/K T/IK
923 923
916 917
908 910
923 K 901 904
894 897
886 891
L . 879 884
T/K 7K
953 953
941 943
928 933
953 K 916 923
904 912
891 902
879 892
TIK T/IK
983 983
966 971
948 958
983 K 931 946
914 934
896 921
879 909
TIK r TIK
1013 1013
916 1000
986
1013 K 38? 973

879 L 932

894 959
886 " 946
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