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Effects of Alternating Magnetic Field and Pressure Co-field on Dendrite Growth

and Density in Vacuum Differential Pressure Casting ZL.114A Alloy

Li Yong', Yan Qingsong', Lu Gang', Chen Yanfei*, Chen Yisi', Zhu Weiming', Liu Dong'
(1.National Defense Key Disciplines Laboratory of Light Alloy Processing Science and Technology, Nanchang
Hangkong University; 2.Jiangxi Hongdu International Mechanical &. Electrical Co., Ltd.)
Abstract:In order to strengthen the feeding of complex thin-wall aluminum alloy at the end of solidification and
obtain high-density ZLL114A aluminum alloy castings, a magnetic field generator was constructed on a vacuum dif-
ferential pressure casting machine. The effects of magnetic field intensity and graded pressure difference on den-
drite morphology, orientation, secondary dendrite spacing(SDAS) and density of ZLL114A samples with different
axial diameters were systematically analyzed. The solidification behavior of the alloy under alternating magnetic
field-pressure cooperative field was revealed, and the convection-extrusion infiltration equation of melt under al-
ternating magnetic field-pressure cooperative field was established. The results indicate that under the cooperative
field, melt particles continue to move under the influence of Lorentz force and pressure, accompanied with prima-
ry dendrite fragmentation, plankton, secondary growth and deformation, so that the solidification structure tends
to be equiaxialized and the coarse dendrite turns into fine rose-crystal. In addition, the XRD pattern shows that
the diffraction peak intensity of main crystal plane(111) is increased with the increase of magnetic field intensity,
which confirms that alternating magnetic field can promote the preferential growth of dendrites on low-order crys-
tal plane. Under the strong magnetic field, the metal atoms move violently, which causes the melt to overheat
and affect solidification, leading to microstructure coarsening. Therefore, with the increase of magnetic field
strength, the SDAS of alloy is decreased firstly and then increased, and the induced density is increased firstly and
then decreased. The optimal treatment strength is 24 mT, where the increase of the fractional pressure difference
is beneficial to dendrite refinement and solidification feeding.
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Tab.1 The main chemical composition of ZL114A alloy %
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Fig.1 Schematic diagram of VCPC- [ vacuum differential pressure casting equipment and synergistic mechanism as well as

sampling position
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Fig.2 Ideal process curves of vacuum counter pressure

graded pressue casting
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Tab.2 Experimental process parameters of different

magnetic intensities
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Tab.3 Experimental process parameters of different graded

pressure difference

ARG gm —gUmE —%n s rgom wE
RN ER RS/ BEWIE OERFRE/ O BEREUE O ERME)/ O EZE/
JE/mT kPa 71 /kPa s 71/kPa s kPa
60 275
85 300
24 110 250 15 325 225 35
135 350
160 375

I 4 0 /1 Bl B B 10 AR D L 36 9 Bk
YA B RN LR O S 4 B 7
$20.$35. 450 Al 65 mm 5 fir v L b)) L RE L R I

810

2 RIEEERSH

2.1 XREEIF-FEAHEGHT ZLI14A &K B3R R
B3 o Ik k22 0 135 kPa I AN [F] i Je& N 55

JETR ZL14A S8 agl. WK 3a T LA ) At

AL AU LT 1 s 2 R W i ALSE &

(e) 32 mT (D 40 mT
B3 XEEY-EAWEYTRR AR REEE ZL114A
SeemmR
Fig.3 Metallographic structure of ZLL114A alloy treated by
different magnetic intensities under alternating

magnetic-pressure synergistic field



RASKE - TE I RN B Z R ZL14A 548 RER RBEENE N 2=

G

KA — U R B B B LR . A 3b~ T4
3 AT BE S A T A SR 35 O B SR 5
JESE TN HE AL SR AR Al B 2 B L . R 5 R
8 mT I, & Si M 23 A BURL - AR UL & 5% HE 51 1 B
A, BRI 2 2 8 1 i 4 I 12 3%
125 1 T 158z 8l 51 K A R J R K JF 75 48 1Kk L i
BEXT AL B R 2N A i A G2 gl L A TR AR K
PRI o 7 R O 58 BE i 24 m'T B, A 4 UROBE A B A
o S5 B B B, TR 3d. AR W 3 P AR R T
(132 Bl 23 51 S ik 3 B i A Wy LR BT 2CHRE I, 2 1 5 250
<A W AR T B R .l PR 3 AT L i SRR 55
JETR L ZLITAA FE U A AR A i B 1) 4 B8 5/ L i BE W
LA

(a) 60 kPa

(b) 85 kPa

(¢) 110 kPa

Al 4 SRR R B O 24 T AN R] 20 GO TR IR 22 T
ZL1A SR MA . LA W E 7> 90 K
ZEMEIN S ZLATAA & g 56 MR v LK A A A i 20 6 1 J
G WA AL AR F S5 A8 AL FR R R A 38 A A
fif o B 28 DRy 2RI AR A ot LA %R 3 AR ok s B A
G HE 2238 O L 8RB R [E AL 2R R K LR a- Al
AR it 8 947 /0 LR 3 — WA it A L Bl £ T LT 1)
ERAT R BB YR AR WL de M 4d,
MR FE R 22 34 K % 135 kPa i, o AL B i K i
3£ ML A g 20 /0N W) A i s LD Ad . B O3 GO TR TR
ZE— 4K 3 160 kPa, ZL114A 47 45 4 i RE A9 358 [
RN PN SN R N/ QS TLEE A R
D E R B A B [ U BE R AL L TR S A L

T e TN S
o
4

Az EmRE A
{2 ¥
S A

3 L
AT Y AN
)

- - 4 ~
RORAEE 200 um
i ——

- o

(d) 135 kPa (e) 160 kPa

B4 XL EAMRAG TRRASEMERELET ZLI4A 24K & H %
Fig.4 Dendrite growth morphologies of ZLL114 A alloy under different graded pressure difference under alternating

magnetic-pressue synergistic field
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Fig.5 X-ray diffraction pattern of ZL114A alloy under
synergistic field
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dendrite arm spacing of ZLL114 A alloy
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