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Critical condition on rheological filling of semi solid alloy
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Abstract: By the physical analysis about the rheological filling process of semtsolid alloy, based on the rheological
characteristic of semrsolid alloy which includes saint venant body and pseudoplastic, according to the two filling
critical conditions that the driving force of mold filling is greater than mold filling resistance and the thickness of
nowrflowing layer in the channel of resistance to flow is thinner than a half of the minimum of the channel section,
managing the flow theory about incompressible viscous fluid, the mathematic representations of the two critical con-
ditions that the cavity can be filled with semrsolid alloy to obtain the perfect casting were deduced. In order to
demonstrate the accuracy of the criterion condition, the rheoforming experiment of the hook-head casting and axle
box boby casting is carried out. The result of the experiment shows the accuracy of the criterion condition. The
mathematic representation includes the equipment parameters, processing parameters, material parameters and
mould parameters. It can be used to instruct the technological design and equipment selection about the semrsolid

rheoforming. Moreover, it also can be used to forecast flaw and control filling process.
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Fig. 1 Schematic of reverse indirect filling
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Table 1 Parameters for calculation of model

a/ N c/
(Wem 2+K 1) (Wem 'K (Jo kg 'K 1)
22 000 43. 64 871
T/ AH w/ o/ D/
MPa (J* mol™ 1) MPa MPa
1.25 10676 13 1.5
K/ o O/ o
(ememin" ") (geem®)  (Nem ) ()
3.1 2. 66 0.82 120 0.5

*F2 HTHETHENSEEE
Table 2 Parameters for calculation of hook-head

D/ S/ La/ L/ Wil Li/ H./ W2/

m IIl2 m m m m m m

0.08 0.11 0.34 0.03 0.025 0.15 0.025 0.02
L2/ H2/ L3/ Hs/ Wil d Ts/

m m m m m K

0.03 0.02  0.085 0.15 0.085 0.217 834

Tl Tal Th/
K K Saq S Sa fse (MPa- s)
843 846 0.24 0.24 0.56 0.6 0.14

2 g AR B ) B 7 A
Fig. 2 Hook-head casting with

reverse indirect forming

=3 HESI A AR
Table 3 Testing conditions and results of hook-head

Calculated value

Experiment  Pressure/ Position of choked section and Result
No. kN minimum wall thickness/ mm Pressure/ kN  Thickness/ cin esu
1 240 Ingate, 12, vertical wall of part, 20 213 D Full
11 200 Ingate, 12, vertical wall of part, 20 213 7.5 Underfilling
11 240 Ingate, 6.5, vertical wall of part, 20 213 7.5 Underfilling
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H 3 AT I, R 28 R L I 4 1T ot /)N B G A2
B BRI S 1 PG s TS W, AT &
R A BRI JT = (B 2440 Mr % 11
(7 FHUR I B 38 4 1) ¥R T8, RSk T e &%
PH(35) KA IHE .

STEMAR AR A (R A356 4 4) BB R
ARSI ABUESE T se B A A A IERR TR, S
FMEREERIA 4 B 3 s & BT B 3% R ) Sl
FREAT .

R4 HRAER AN LA R
Table 4 Testing conditions and

results of axle box boby

Calculated
. M ean wall
Experr Pressure/ thick / value Result
ment No. kN 1exness pressure/ esu
mm KN
1 150 Part s box handle, 12 124 Full
I 90  Part s box handle, 12 124 U nder-filling

3 ) R RO R A AR
Fig. 3 Axle box body casting with

reverse direct forming

4.2 it
4.2.1 AR I A A I idE H Y

FEHE IR AR 7o M I A A R I R o, IR 2t B
TN 1 Pz i el 78 B REAT I, HX AN Ul B B
AR HEMH TR A FHL B, T mE 4 o
N EEAN, ARS8, REh TiIXE
WA TRIE  NBRIE, Ko, BUekik
A AT AEAT 4L . ana( 34a) 2N

P 2TKE&0, i, + nflgz+ T(Si+ S+ A,)

(36)
BRIk, 3X(34) +(35) T T (a4 s A H
PRy, HAwMHME.

%

=

l—/—‘\_/“—\_/‘j

4 RINEZRERER

Fig. 4 Schematic of reverse direct forming

Feflih, RUEIX B AN L A A SRR R
(HE ANFRA AR BTE) HEAT I, 2 BT 3R %
(WA NFR A A I ) 5 21 W3S G 4 2K B OE A
JAR R AR O, 22 0 R IRORHLE BT B 75 2 0
#H, FTCA, BTSSR R AR G 1

Z G T4 A AT H F [ A T2 78 B R 40 o Y
g, MR RSG M, WA XA E A
TEAFE FEERB RS, BB 5
MR XAA .

4.2.2 ARG S AR &

mX(34) . (35) Af W, s ARG A s T
MERMEME(a, o T., B AHw, fw, C, T) EHR
S(Va, S, Se) IBRHIGMHE(N To, &) « LEZH
(tp, T;) AR SH(P, v) 250710, bl
AN TR RIE R TR A, Al H5 LT %
AL L T AR T
4.2.3 HRMHRAEEME

Vg —ANFE T 4t 15 B 20 KR A S0 o I8 FH 560
iE . RE X OEXN AR F4 A FBOE T X7
TtesaG IS Ur, (HIL) T E M A SR AT g
e Hf TH—PHE .

5 %t

1) PRAE- [ 25 A 4 70 0 200 s 1) 78 i 3 4k A
(EEAPIEZS UL IE W bTB LB UR S ORI T
T2 AR BRI IR B SR T 7B 2 F, HAL
Fik A Ana( 19) . (20); 7oA A i H) 502
BH IR TE P AN nT i 2 J2 8 B /N T BH 3t Ak T e /s J2
FEr 172, HErRIs X (33) . B — A&t
ANRE A, #SHI A SR, RAWAK
PP ) N335 A2 A i ARAIE 7e i 2L s

2) ZAMIGHRAZ MO TRESH . L85
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A Di=0.025m .D>=0.02m +D3= 0. 18 m }
HICRE 1% 2 PR SHRA TR

2] n
C = D1L1| pil = 0.025 x 0. 15 x
Q 082 1/2
2]l n
C= D2l pil = 0.02 x 0. 03 x
2
2] /2
%JOB;E = 0.0169
2] n
C; = D3H3g_§ = 0.18 x0.15 x
2] /2
g‘illgz = 0.0283
¥ Co Co Gy PR 3R 2 RS HAN
A (1) 15
P 2TK80, i, + ]Tflgz+ TS+

o 2]

314 x 3.1 x13x0.0687 % J0. 133 x
0.01+ 3.14 x0.14 x 0. 121 x

203 % 0.5+ 1) 172
0.5 x 0. 055 = 224. 98 kN

IR R s B, B Cs= 0, WA
P 2TK80, i, + ]Tflgz+ TS+

o 2]

314 x 3.1 x 13x0.0687 x 0. 133 x

3,14 x1.5x0.0574
4

314 x 1.5 x 0,057 4>
4

0. 12+ 3.14 x 0. 14 x 0. 092 8 x
213 X Q 5 ]2 1/2
0.5 x 0. 055 = 215.83 kN

0.01+ + 1.25 x

0.12+ + 1.25 x

HIL = AR R ZE N 4% .
P S G AR RS el R 5 &S
MR AR SRR )24 5 A h

P 2TK80, i, + T[flgz_‘_ TS+

2TI)C’| %ﬁ ' (2)
¥R 1. R 2 THIXSHAANG
dl = W1L1| _JTBZ_I ' =

WlH%Sql

0.025 x 0. 15 x

I 314 x 004> I“_
0.025 x 0. 025> x 0.24]  ~

0.137 3

J-[Rz ‘ n
WaoH3Sol
0. 02 x 0. 03 x

I 314 x 004 I”Z_
0.02 x 0.02° x 0.24] ~

0. 030 69

T[RZ n B
L3W%Sq3 B

0.085 x 0. 15 x

I 3,14 x 004> I”_
0. 085 x 0. 085> x 0.56]

0. 048 73
¥ a5 BOCRR T R 2R HIRSH
FANA(2) 73
P 2TK&0, i, + nfng+ TS+

SYRCES

(2= Wil

(5= L3H3|

314 x 3.1 x 13 x0.0687 x 0. 133 x
3.14 x 1.5 %0057 4°

0.01+ y + 125 x
0. 11+ 2 x 0. 14 x 0. 217

1/72
2l xé’;* L 0,055 = 213.3 kN

WA R I R, B C = 0, A
P 2TK80, i, + ﬂflgz_‘_ TS+

ST

3.14x3.1x13x0.0687 x J0. 133 x
314 x1.5x0 0574

0.01+ A + 1.25 x
0. 11+ 2 x0. 14 x 0. 168 x
2:2)(05 ]) /2

0.5 x 0. 055 = 204. 28 kN

FEAEARZEE N 4. 2%
B Gc= 0.82N/m, 6= 120°
1a0c | cosOl = 0.34x0.82x0.5= 0.1394N

(HiE  TF15)



