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Fig.1 Schematic diagram of twin-roll strip vibration cast-rolling process
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Table 1 Simulation conditions

Parameter Value
Diameter of casting roller/mm 500
Casting speed/(m'min") 5
Roll-gap/mm 4
Density/(kg'm ) 2760
Viscosity/(kgm '+s ") 0.0014
Solidus/K 793
External temperature/K 300
External pressure/Pa 101325
Latent heat/(kJ-kg ") 352
Liquidus/K 903
Height of molten pool/mm 80
Pouring temperature/K 923

BC— Enteance

AE— Contact surface of
vibration side

DF— Contact surface of
non-vibration side

AB, CD— Free surface

AB— Exit

B2 b X LR

Fig.2 Geometric model of molten pool
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Table 2 Thermal properties of 7075 aluminum alloy at

different temperatures

Temperature/ Heat cond}lctivity Heat tra‘nsfer Specific
K coefﬁjlelﬂ coeff'{cz:leritl/ hfiéllt/ L
(Wm -K™) (Wm=K") (Jkg K)
293 163 1500 1000
373 174 1500 1000
473 125 2500 1090
573 190 11000 1150
673 180 11000 1150
723 77 11000 1220
743 77 11000 1220
773 70 10000 3140
823 70 10000 3140
873 80 10000 1000
923 80 10000 1000
LD oup =, s, (1)

X p NRESE (kgm?); w NTRRTE: ¢ Ntk
WAL Ty NEREME S S, BB R R T R

FAN, TR T2 A X S LR B AN
Ak, g bR R IR AR A, BETH] R HOCVEHE R E
TR VRO SR AN 75 ZERE [ ek 2, mT DA f Ak
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T R B 5L T 2 X sl 0 EZRAS . #eR
Fi LAM 1 BREHORST $ Hi [ 7 £ AR 2R ok
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SIS T T, SRR SN T K
FA AR 70 5 AT U 5. T 4 & @ M RHELE AL
TR AH XIS, A 7 it A AN ] [E A 4 B s
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Amush (V - Vp) (2)
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Fig. 4 Cast-rolled 7075 aluminum alloy strip
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Table 3 Chemical composition of 7075 aluminum alloy
(mass fraction, %)

Mg Zn Cu Mn Cr Si Fe Ti Al

272 562 164 030 024 040 0.50 020 Bal

g IR AN 4 A& 5 Fros, R eSS 77 2 1t se il
MGG, PR FUNCH BE R A B IR Bt
Fir i B AV R oy AR 1 T 9.22%14.95%F1 31.25%
VLR BN S A B = T LG IR 1 SRR

T4 AR RS S

Table 4 Tensile results of mechanical properties

Sample Tensile  Yield strength/ Elongation
P strength/MPa MPa rate/%
659 C’_ 209.2 51.2 6.9
non-vibration
650°C, vibration 237.5 56.3 8.6
300 — -
— Vibration cast-rolled strip
250 L — Non-vibration cast-rolled strip

[\
S
(=)

strength

Engineering stress/MPa
S o
S S

93
o

0 0.02 0.04 0.06  0.08 0.10
Engineering strain

B 5 IREVAARIRBD S ELARCHT AR ) — A8 i 24

Fig. 5 Engineering stress—strain curves of strip cast-rolled

with vibration and non-vibration
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Fig. 6 Microstructures of strip billet cast-rolled with vibration

and non-vibration: (a) Non-vibration cast-rolled strip when
pouring temperature is 650 ‘C; (b) Vibration cast-rolled strip
when pouring temperature is 650 C
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Fig. 7 EDS analysis of strip billet cast-rolled with vibration
and non-vibration: (a) Non-vibration cast-rolled strip; (b)
Vibration cast-rolled strip
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Fig. 8 Roll gap temperature of strip produce by non-vibration and vibration cast rolling process compared with simulation result:

(a) Comparison under non-vibration process; (b) Comparison under vibration process
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Fig. 9 Distribution of temperature field in molten pool with different phases under condition of 10 Hz vibration frequency and

0.38 mm amplitude: (a) Peak position; (b) Falling equilibrium position; (c) Trough position; (d) Rising equilibrium position
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Fig. 12 Time domain distribution of molten pool flow field in one period: (a) Non-vibration process; (b) Peak position; (c) Falling

equilibrium position; (d) Trough position; (e) Rising equilibrium position
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Fig. 13 Influence of vibration parameters on X-direction velocity difference at center line of molten pool: (a) Amplitude of 0.38
mm, frequency of 10 Hz; (b), (b1), (b2) Influence of different vibration frequency and amplitude on X-direction velocity difference at
center line of molten pool
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Optimum time domain characteristics of
twin-roll strip vibration cast-rolling process

SUN Ming-han, ZHENG Chuan-xing, ZHENG Li-kang, GUO Shi-peng, DU Feng-shan

(National Engineering Research Center for Equipment and Technology of Cold Strip Rolling,
Yanshan University, Qinhuangdao 066004, China)

Abstract: The influence of vibration parameters in the new process of vibration cast-rolling was studied. A comparative
experiment of 7075 aluminum alloy cast-rolling under vibration and non-vibration conditions was carried out. A
numerical simulation model of vibration cast-rolling was constructed, and the accuracy of the model was verified by
experiments. Then the time-domain characteristics of the molten pool flow field and temperature field under vibration
condition were studied. The results show that the vibration can not only make the Kiss point position fluctuate sinusoidal
with time, but also exert disturbance effect on the molten pool. It is found that the new process can refine the grain and
suppress the segregation. Based on the effect of vibration frequency and amplitude on the molten pool, the optimal
vibration parameters of this process are amplitude of 0.56 mm and frequency of 20 Hz.

Key words: vibration cast-rolling; numerical simulation; time-domain characteristic; vibration parameters
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