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Effect of electromagnetic—ultrasonic energy-field on structure and
properties of roll-casting 3003 aluminum alloy strips

YUE Peng, MAO Da-heng, LI Jian-ping, ZHAO Su-kun, FU Zong-li

(State Key Laboratory of High Performance Complex Manufacturing,
School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)

Abstract: Three kinds of plates (asymmetric and sunken aluminum plates, asymmetric and sunken plates under the
electromagnetic-ultrasonic compound field and symmetric ones) were manufactured by introducing electromagnetic-
ultrasonic field at the key parts of the roll-casting area. Then, asymmetric and sunken plates under the
electromagnetic-ultrasonic compound field and symmetric ones were processed into 0.25 mm-thick end aluminum strip.
The microstructures and properties were investigated by optical microscopy, scanning electron microscopy and
static/dynamic universal testing machine. The results show that the speed of the asymmetric rolling is improved by 33.3%
and the macro-segregation is diminished. By applying compound energy field, the grains are significantly refined and the
mechanical properties are improved. Compared with those of the general roll-casting strips, the ultimate tensile strength,
yield strength and elongation of compound energy field aluminum of roll-casting strips are improved by 32.93%, 38.91%
and 6.25%, respectively.

Key words: 3003 aluminum alloy; electromagnetic-ultrasonic compound energy field; cold rolling annealing; mechanical
properties; precipitate
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Table 1
(mass fraction/%)
Si Fe Cu Mn Zn Mg Ti Al
0.6 0.7 005 1.2 0.1 <0.03 <0.03 Bal.

Chemical composition of 3003 aluminum alloy

1.2 KWHZE

Fe32 1 R Loy Bl 3003 FH4 4, 78 LR A
ThREATRIE, INATERE R, R n#va 720~725 °C
AT R RN, K R A 43 i T 150 C 22
FHT400 CAA T NHECRIR, BR 2K, S
TRAARTINANE A, WA TS AI AT IE, THE
A 730 Ci#f & 30 min. SEIRTFAANS, K5 FLTLEEAE
h 6.0 mm, AERTAREEFLIFEFLIX KE R 60 mm, KFR
BRI ELIX KT Ny 45 mm, PEARLIRAEHE TS,
HUFER L LR FFAE 680~690 “C 2 [R], A3 M IHI = 5
AR E . S 2RI, ISR A A
KRB, 1) #% T )2 80 6.0 mm. 584 200 mm
(1) 3003 <l VR o HEAT 545 Redn W LN BE Pl A AR
LCASAEEELILIEE I Ay, Th3eh 200 Wi HLiIA{E
HIME £~(13+£1) Hz, R 10 Ao 5L R REE
w1 s, BT ZESHNE 2,

I3 AR IR S B 1) 3 PG LA RE, Zoi
FEVORLEE. 485, IDCRIRMS, 75 Leica DMI
5000M <gAH AT AT WSS o

I F IR SEEG AT BRI FLAT RARFE 1 A0 2 2 i
FHARR I Tk i A IR 4~7, T A
2 7R e SRR RRA G L ARRAR o fd— i 75 A
W0 PR 3 IR LA RS 5 oA 1~3) 1 4 Tl s it
W RAFEG 50 4~7)7E WPL—300 3l )7 RE LI HL BT
¥ %, 77 ) (Roll-casting direction, RD). 45°J5[r]. 90°
J7 [} (Transverse direction, TD)ZEATH MR 7 fHiH

%
%
%

AT LI ITIII AT IS,

1 PR K

Fig. 1 Schematic diagram of roll-casting process: 1—Melting
furnace; 2—Aluminum liquid; 3—Argon pipe; 4—Sealed cap;
5—Groove; 6—Former case; 7—Bridge; 8—Feeding mouth;

9—Ultrasonic generator; 10—Roller; 11—Aluminum strip
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Table 2 Parameter of roll-casting experiment
) Melting Former case Casting speed/ .
Sample No.  Compound field =~ Way of roll-casting . . . Thickness/m
temperature/ C  temperature/'C (m'min )
1 Not applied Asymmetric 710 690 1.1 6.0
2 Applied Asymmetric 710 690 1.2 6.0
3 Not applied Symmetric 710 690 0.9 6.0
) .| Homogenization _ ] _ j ~| Rolled to 0.25 mm
Asymmetric and - (580 °C, 24 h) o Tl = (Marked as sample 4)
sunken roll-casting o
aluminum plates O
(sample 1) Rolled to 0.25 mm c %
(Marked as sample 6) g =
9 g
5 E
2 =
3 =
Asymmetric and sunken Rolled to 0.25 mm E ,%
roll-casting aluminum " | (Marked as sample 7) b5t
plates under compound g
field (sample 2) £
| Homogenization o _ _| Rolled to 0.25 mm
o (580 'C, 24 h) - g " | (Marked as sample 5)

B2 0.25 mm JEFEEHAE S K] SR

Fig. 2 Flowchart of manufacturing of aluminum strip samples with thickness of 0.25 mm
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Fig. 3

Macro-metallographs of symmetric roll-casting

aluminum alloy plates: (a) Surface of sample 3;

(b) Cross-section of sample 3; (c¢) Longitudinal-section of

sample 3
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Fig. 4 Macro-metallographs of asymmetric roll-casting
aluminum alloy plates: (a) Surface of sample 1; (b)

Cross-section of sample 1; (c¢) Longitudinal-section of sample 1

Feeding mouth w

_ _ — —Segregation layer—
N —hI —— — —Roller centeral plane—
B Feeding mouth centeral plane

Y.

B5 AR Rps AL
Fig. 5 Schematic diagram showing mechanism of asymmetric

roll-casting
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RAMFEAERY, teah, r gt 25 2 A
FAER, BDIBCRIF SCER S T . AT, 7R
LGB, (R I AS I L RER B PR PR RS, AT

50 um

Bl 6 X R B AL A AR A AOU < AHAH 2
Fig. 6  Micro-metallographs of symmetric roll-casting
aluminum alloy plates: (a) Surface of sample 1; (b) Cross-

section of sample 1; (c) Longitudinal-section of sample 1
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Fig. 7 Micro-metallographs of asymmetric and sunken
roll-casting aluminum alloy plates under electromagnetic-
ultrasonic compound energy field: (a) Surface of sample 2;
(b) Cross-section of sample 2; (c¢) Longitudinal-section of

sample 2
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Fig. 8

Micro-metallographs of symmetric roll-casting
aluminum alloy plates: (a) Surface of sample 3; (b) Cross-

section of sample 3; (¢) Longitudinal-section of sample 3
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Table 3 Tensile properties of roll-casting aluminum alloy

AL BRFI R JCRAS T, N A REA AL 5 19
o0 T 00, AN A REAIREE 4 e s 7
32.93%AH1 38.91%, HAKCEKARMA N, ToiRX T H
PR ELAGRRE 6 F1 7) 2l S84 (b AT )R k41
(FE 4 F15), NS G RE G, WRERR 2 I H 5 ik
[EYpIEES i

plates R4 WA ST LT 1A RRL PR e
Sample No.  Direction  oy/MPa  gy,/MPa /% Table 4 Tensile properties of roll-casting aluminum alloy
TD 113.453 55929  28.82 strips along RD
1 45° 114.046 57.282 27.56 Sample No. State oy/MPa oo/ MPa  6/%
RD 115.004  56.019  25.32 4 Annealed 132780  124.976 16
D 128.04 63.922 3544 5 Annealed 176.500  173.600 17
2 45° 128.52 65.320  35.24 6 Not annealed 200.864  180.542 10.4
RD 135.093  77.113  33.48 7 Not annealed 227.158  199.807 11.6
D 113.679  54.687  26.13
3 45° 112367 55374  25.95 2.4 FHEBESH
RD 113.827 56436 27.33 A L S L AR RE 1 N I A R AL

R ATHN N 4t sy iy LT 0 16 S P RE .
T4 KW T HEAELR sy, s G 6e
WHIREE 7 1 v~ 002 F1 0 ELARTINE A BE R FE 6
50 LR T 13.09%. 10.67%H1 11.54%; Ti{EL4%)

A

L TN
9 3003 fad e FLACARER AT H AH ) SEM 4 )2 EDS 737

R 2 (K SEM B (LIE 9T LU Py )
Hr LAY ST L, A LA BT L AN 32 ZER AR AE
TEE o P Y3 V7% e P S 15/ NP 1) 1 =y
REM e BOMT A D, HE ORI 28 A 4.
Ko th TAE AR B & TR AR P

Element w/% x/%
Al 88.53 93.00

Si 243 246
Mn 2.02 1.04
Fe 6.09 3.09
Cu 0.92 0.41

l..Sl MnFe gu 1 L 1
2 4 6 8 10 12 14
E/keV

Fig. 9 Precipitate morphologies and EDS pattern of 3003 aluminum roll-casting plates: (a) SEM image of plates, sample 1; (b)

SEM image of plates, sample 2; (c), (d) Primary precipitates and its EDS pattern
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PR R B L A R R K R BROIR AT A 32 DR (Fe,
Mn)Alg.

K110 s ok PR RS FL iy R Bt i A 4~7 1
SEM 4. XFEEKE 10(a)s (b)5(c)s ()P4, &bt
JE R AR RS AL MRS, X2 T iR sy

5 pm

B 10 BB R R I AT SEM 8 )2 3L EDS %
Fig. 10 Precipitate morphologies and EDS patterns of 3003 aluminum strips: (a) SEM image of cold rolled strips, sample 6; (b)

AT R AT AR KR, S B R R T 4L
TN, SRR X 4 R AT
EDS 7047, R4 A0 A& iR S AT A K 10(e)
FT 7R B HER AT YA & Al(Fe, Mn) SiAH; &l 10(g)FT
NEIPCRAT S Al. Mn. Si Al Fe 4 FioC &, %A
(Fe, Mn)Alg AH . 33E— 30X L it i R R — e 75 1 RS it v

Element w/% x/%
Al 71.03 80.81
Si 5.83 6.37
Mn 13.50 7.55
Fe 9.36 5.15
Cu 0.28 0.13
1 MII;I_JF\‘G Clu 1 1 1
4 6 8 10 12 14
E/keV
(h) Al
Element w/% x/%
Al 81.46 87.82
Si 480 4.97
Mn 7.36  3.90
Fe 6.16 3.21
Cu 0.22 0.10
ﬁi 1 MII&IP\‘e CILl 1 1 1
0 2 4 6 8 10 12 14
E/keV

SEM image of cold rolled strips under compound energy field, sample 7; (¢) SEM image of cold rolled strips, sample 4; (d) SEM

image of cold rolled strips under compound energy field, sample 5; (e), (f) Short rod-like precipitates and its EDS; (g), (h) Bulk

precipitates and its EDS
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3 Zig
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