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Fig. 1 Contour map of electromagnetic force line distribution stirred for 5 s at 30 Hz and different current intensities
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Fig. 2 Contour map of electromagnetic force line distribution stirred 10 s at 20 Hz and different current intensities
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Table 1 Values of magnetic flux (A ) under stepped electromagnetic stirring
H I i 3A 4A 5A 6A
A, (30Hz-55s)/(Whb- m?) 0.399~1.097 0.528~0.792 0.657~0.985 0.786~1.376
A, (20 Hz-10s) /(Wb - m™) 0.744~1.116 0.988~1.482 1.231~1.847 1.475~1.933
AR A & 2 T
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Fig. 3 Distribution diagram of magnetic field intensity at 30 Hz and different current intensities for 5 s during stepped electromagnetic stirring
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Fig. 4 Distribution diagram of magnetic field intensity at 20 Hz and different current intensities for 10 s during stepped electromagnetic stirring
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Table 2 Values of magnetic field intensity during stepped electromagnetic stirring

H, A 9 3A 4A 5A 6A
H, (30Hz-55)/(A-m™") 5.863 x 10’ 7.561 x 10’ 9.527 x 10’ 1.153 x 10°
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Fig. 5 Change trend of electromagnetic force induced by different
current intensites during stepped electromagnetic stirring
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Table 3 Chemical composition of A356 alloy for experiment Wg /%
Si Mg Fe S Mn Zn Ti Zr Al
7.141 0.340 0.135 0.012 0.012 0.021 0.021 0.004 S
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Fig. 6 Primary o -phase morphology in semisolid A356 alloy at different current intensities during stepped electromagnetic stirring
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phase of semisolid A356 alloy at different current intensities during
stepped electromagnetic stirring



20214 SE6HA/IE70%E

20 Hz#5#£10 s, BRORINREKRNAVERKRE, TK
EREERSN, F1E5HmmERXEFIBEFER,
PRI RE IR . LWATA AR E BB,
MEE L, RINEERD . HZEHAIERREN
BN LAER XIS, FEERRESBATLERE
N EHHREREMYS, NMEH—TEINEERA
KFEZE, REEENENOEFEBRTHRERES
B2 BERRBERISI, BIRFFZEE OB
K, MEBENEREEENS, XBBRETAESIBK
AR R FH0.25 X 3% i0£)0.39, REIEE
0.73MRHA .

MIHICER PR, DREBEBHERG TFHEES
IBA B ERRERRED RSN Hzii R
55, BEEME20 HZ R0 s, EERIRE N5 AR
£, FHUSHEERN pm, FEIFIREFH0.73,
EDRIMHENEMERY, 8SBAER=ERIB RN AN
WIZH BRI ARERDME 22, S8 IBKE
Tk in S == B EZEIGCEDNER, iF
Hom R, y. HAEHD, X=PMHBEHRREE
RAFENEESN D . EBCENIERTEIBERM
iz BEERTE. BR, URBKRBEHEEELIS%E
1, FEERRNIXEE RN, KNSR
REFTOEMHRERET, F—MEREENENEH
BEE (30 Hz) B IZESMNBRREFSS
EBROFRBRADNEBES, FMEREINN20 Hz
WS, FEESBRARMREZEENRE, BED
TEEREOMENTFREZERRSER, REFK
BREFNEMRER . HBERBEEKAKE6A,
B OPDFERMNONEER, aBIH (A
[R) REDERE., DRBEHNBTEENEHES

SEH:

s A ﬁ '- ‘i
IS Founorw [T =

BRABBRIIMRORBIBRIER, G2 ERRRALIEED
RSB LSRN NINERIRUMEN, KEGS
BN E—EmnE)EEREHREES MRETY
g, RRERBMTEYS, BNARE ‘B IR, N
SEFEISA3S6IRE SRR ERSRER TN
IREFTEEE0.65, FHFREERIEAEN pm.

7 #hig

(1) EARARIAISETEAR, MADRBEEET
ZHIBEETABEEE XA E0TH; BIIsLRiH
FFEB T IZ L EHEFETANBE SRR EENTE
¥, BRNEIRIRES A, BESTER30 HZIHRES s.
FRIE20 Hzi#E10 s ( it HREATE)1s s ) , FHE590 C
{RIB15 min, ASAEEAMNOMERESR, LIHETF
WIAREFH0.73, FHERRER4 pm,

(2) DREBHIRERMET, BUEIBEREE
BEEMEESFBEBHEONOK/N, EFBERENSINA
FEENR; EHSFETABEE RIS, B
Tk E A FIF IR EISI RS .

(3) BRI E RO, EARD KRBT
HIREA, BREES AR, ERRTEREERK; BE
BMRENIEIMN, RSH TSN EBIRAVE
X, SFEBHIHRIER, 1SR MEREZEER
€. NALHINIERE, DREBEIHETROBKIZIE
HTIBARNRGD, BIRNER T IRIEXNRIUER, FeE
FARY EINRBEENSEOSH; BEBRREERIE
i, BRSMERZ BB EENREIR, ERIEMR
SRR ELUML, BEREEMNIEINEESIRES
FRIEEE RGN

[1] BARMAN N, KUMAR P, DUTTA P. Studies on transport phenomena during solidification of an aluminum alloy in the presence of linear
electromagnetic stirring [J]. Journal of Materials Processing Technology, 2009, 209 (18-19 ) : 5912-5923.

[2] KOLAHDOOZ A, AMINIAN S. Effects of important parameters in the production of Al-A356 alloy by semi-solid forming process [J].
Journal of Materials Research and Technology, 2019, 8 (1) : 189-198.

[3] BEHNAMFARD S, KHOSROSHAHI R A. BRABAZON D, et al. Study on the incorporation of ceramic nanoparticles into the semi-solid
A356 melt [J]. Materials Chemistry and Physics, 2019, 230: 25-36.

[4] LIM, LIYD, ZHENG H Q, et al. Solidification behavior of 6061 wrought aluminum alloy during rheo-diecasting process with self-
inoculation method [J]. Transactions of Nonferrous Metals Society of China, 2018, 28 (5) : 879-889.

[5] BRE&FE, XL, BRE. BHEGH-EESESSWBRRERIMK 0] %iE, 2017, 66 (12) . 1287-1293.

[6] STEINBACH S, RATKE L. The effect of rotating magnetic fields on the microstructure of directionally solidified Al-Si-Mg alloys [J].
Materials Science and Engineering: A, 2005 (413-414) : 200-204.

[71 XE, ZiEs, EPF. BHIEHERTCe. YoIIFESALEEHE o IS [J]. $5i&, 2014, 63 (12) : 1212-1216.

[8] Z=EX, XK, RFEB, £ B THESAGEE S BRI BEHA-RIpHERN SRR . FEEESEFIR, 2020, 30
(6) : 1297-1306.

[9] FANG, Q, NI H, ZHANG H, Et al. The effects of a submerged entry nozzle on flow and initial solidification in a continuous casting

bloom mold with electromagnetic stirring [J]. Metals, 2017, 7 (4) : 146-161.

[10] BAIKiE, XUEL Al-STi-BRIMELYESIRINIIAS6S = FEEEHRAISIMN [J]. #51&, 2011, 60 (9) : 869-874.



F

‘i —
{EE Founory 113G 5T Vol.70 No.6 2021

[11] KUMARA, LALS, KUMAR S. Fabrication and characterization of A359/Al,0; metal matrix composite using electromagnetic stir casting
method [J]. Journal of Materials Research and Technology, 2013, 2 (3) : 250-254.

[12] CHOWDHURY J, GANGULY S, CHAKRABORTY S. Numerical simulation of transport phenomena in electromagnetically stirred semi-
solid materials processing [J]. Journal of Physics D: Applied Physics 2005, 38 (16) : 2869-2880.

[13] X, ELR. E&5T ZHIEFESABREEEHAAIAR [J]. $51&, 2011, 60 (7) : 623-628.

[14] Bz, BT DREBHEEHIFESAI-Cua S BEHLLNNFN ). FEEEEEFIR, 2015, 25 (1) : 49-57.

[15] BRXE, KEE, 45, & BHENESEFESFIRE#ID-RMEEDNHERI ). FEEeE&EFHR, 2010, 20

(5) : 937-945.

[16] MAURYAA, KUMAR R, JHAP K. Simulation of electromagnetic field and its effect during electromagnetic stirring in continuous casting
mold [J]. Journal of Manufacturing Processes, 2020, 60: 596-607.

[17] KANG C G, BAE J W, KIM B M. The grain size control of A356 aluminum alloy by horizontal electromagnetic stirring for rheology
forging [J]. Journal of Materials Processing Technology, 2007, 187-188: 344-348.

[18] SPENCER D B, MEHRABIAN R, FLEMINGS M C. Rheological behavior of Sn-15 pct Pb in the crystallization range [J]. Metallurgical
Transactions, 1972, 3 (7) : 1925-1932.

[20] VERTNIK R, MRAMOR K, SARLER B. Solution of three-dimensional temperature and turbulent velocity field in continuously cast steel
billets with electromagnetic stirring by a meshless method [J]. Engineering Analysis with Boundary Elements, 2019, 104: 347-363.

[20] CHEN R, XU QY, LIUB C. Simulation of the dendrite morphology and microsegregation in solidification of Al-Cu-Mg aluminum alloys [J].
Acta Metallurgica Sinica ( English Letters) , 2015, 28 (2) . 173-181.

[21] X, KFwE, RIBRE. BHIDERA eSS BERRMIEEHERNPEDT ] FEEEEEFIR, 2015, 25 (11) : 3026-
3032.

[22] SPITZER K H, DUBKE M, SCHWEERDTFEGER K. Rotational electromagnetic stirring in continuous casting of round strands [J].
Metallurgical Transactions B, 1986, 17 (1) : 119-131.

[23] SHIRMOHAMMADI F, TOHIDI A, Mixing enhancement using chaos theory in fluid dynamics: Experimental and numerical study [J].
Chemical Engineering Research and Design, 2019, 141: 350-360.

[24] TOHIDI A, HOSSEINALIPOUR S M, SHOKRPOUR M, et al. Heat transfer enhancement utilizing chaotic advection in coiled tube heat
exchangers [J]. Applied Thermal Engineering, 2015, 76: 185-195.

Effects of Stepped Electromagnetic Stirring on Solidification
Microstructure of Semisolid A356 Alloy

ZHANG Ke-wei, LIU Zheng, HONG Xin, TANG Jing—hong

(School of Mechanical and Electrical Engineering, Jiangxi University of Science and Technology, Ganzhou 341000,
Jiangxi, China)

Abstract:

The regularities of distribution of the electromagnetic field and influence of the stepped electromagnetic
stirring on the primary o phase of semisolid A356 Al alloy were researched. The distributions of magnetic field
intensity and electrostatic force and their values were calculated by Maxwell. The results indicated that the
magnetic field intensity and electromagnetic force increased from the centre of the melt to the outside, and the
magnetic field intensity was heterogeneous distribution in the system. Both of electromagnetic frequency and
current intensity had effects on the electromagnetic force in the melt of alloy, but the effect of electromagnetic
frequency was less than that of the current intensity and the change of current intensity can better regulate
the morphology of primary a phase. The results also revealed that it was feasible for semisolid A356 alloy
slurry manufactured by the stepped electromagnetic stirring, and the chaotic advection was induced by the
stepped stirring in the solidification system of the melt. When the melt of A356 alloy was poured at 630 °C ,
and then stirred for 5 s at 30 Hz, 10 s at 20 Hz under the current intensity of 5 A, followed by thermal holding
for 15 min at 590 °C , the fine primary phase with the good morphology in the semisolid A356 alloy could be
obtained by the stepped electromagnetic stirring.
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semisolid A356 alloy; primary a phase; stepped electromagnetic stirring; electromagnetic field
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