%40 % 574 Aok X F F R (B KR HAF RKR) Vol.40,No.7
2019 % 7 A Journal of Northeastern University ( Natural Science) Ju. 2019

doi: 10. 12068/j. issn. 1005 —3026.2019. 07. 008
ERERETRILSEMNRBEEITH

HEAR, AR FaF
(1. AR SLEIEA XEFL A E R E SR E, 07 W 1108195 2. #RM TREHLE A PR F
PR THAE TRARYUAE FRA R, 195 7R 221004)

i . WITIER T P EC A8 H 5 B AR ELAILAL , 0 T 4 v Gt Ll 2B 7= SR R 4 R
ARRRFR 25 SRV A A 1) R [ % A S T Y A TR B T AR . AT AR ) T R B IR AR ) Ay
S 2 AR Z IR )R R A BR 25 43k, s i) A i ) 22 o R AR 22 0 O R DR R I SEE
J7 BRI A TR . T TG IR B AR S 32 T8 5 | A IE REORk 5 IR 2 152 m. E17 7
A5 UM AR IR S5 T U S0 v 55 R Bst ] 4 5 28 RS, R S VRL B X A% VIS TF R BT IR AL TH R
RIS IR Al 22 2 U E 2 T LA

X 8 A MIRLE R BB IR A BR 2250k

FE SRS TG 335.52 XHERER . A XEHS: 1005 -3026(2019)07 - 0952 - 04

Calculating Strip Coil Heating Temperature in the Warm-
Rolling Process for Difficult-to-Deform Metals
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Abstract; A warm-rolling mill with two hot coil boxes was designed to process difficult-to-
deform metals strip. A numerical model was built to calculate strip coil temperature in a two
dimensional cylindrical coordinate system, which considered the heat transferring along radial and
axial directions. The thermal conductivity coefficient of radial direction was calculated according
to the structures of strip layer, oxide layer and interface layer. The axial and radial explicit and
implicit differential equations were deduced by finite differential method, solved by the alternating
direction implicit method ( ADI). The boundary condition of heat transfer coefficient was
dominated by radiation mechanism, where a correction coefficient was introduced to consider other
factors. The strip coil heating temperature was firstly measured through experiment. Then a linear
relation between the actual temperature and heating time was regressed. After using the correction
coefficient of heat transfer optimized by the actual temperature, the temperature can be calculated
by the model, with the error within +2 C compared with the experimental temperature.

Key words: difficult-to-deform metal; warm-rolling; strip coil; heating temperature; finite
differential method
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Table 1 Main processing parameters of coiling box
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Fig. 2 A model for calculating strip coil temperature
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Fig. 3 Diagram of strip coil layers
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Fig. 4 Diagram of thermal resistance of unit strip coil
radial layers
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Fig. 5 Temperature measuring experiment for strip coil
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Fig. 6 Comparison between the measured and
fitted temperature of strip coil
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Fig. 7 Comparison between the measured and
calculated temperature of strip coil

(a)—0, s5; (b)—0, .
4 %k ®

1) BT & AN L £ B IO B TR FLPLAL,
FHFMEIN T4 Ja iy s R LA ™=

Bt 955
2) ST AT P IO PR R O IR R A
R R Z4E R A AR R 25 TR B 045 1m) ANl

] A5 AR K B AR 1] 43 S TS 2 AU TR 2 ]
B2 FETHRAR ) I GR B 2 SR =R 254
FIFRIBRE AL BR 2R 447 BR 25 5012, 43 S 5 flh 1)
At ) B xR o R B 22 0 R, SR IS
B ORI O 1) 36 AR SEA T B SR A 1 A%
EBIER PR IN T I 5] AMEIE R B &
Al PR 2% 1 52 e

3) i1 Ew%ﬁ%%@@i%ﬁ%ﬂ%&i
IR B85 55 o R ] 1) — VR 42 P o 05 R S 7

JEXAL B IE R B AT A, 5 B R IR A
03t B2 i 22 F] AP A 2 CRAN.
SE

[1] YeF,Liang Y F,Wang Y L. Fe — 6. 5wt% Si high silicon
steel sheets produced by cold rolling [ J |. Materials Science
Forum 2009 ,638/639/640/641/642 ;1428 — 1433.

[2] FuHD,Zhang Z H, Pan H J, et al. Warm/cold rolling
processes for producing Fe — 6. Swt% Si electrical steel with
columnar grains [ J ]. International Journal of Minerals,
Materiallurgy and Materials ,2013,20(6) :535 —540.

[3] B, aNgE 2T R A R AL S SR ALY S0 b S 36

WIFE[T]. AL K224 ( A AR 22 ) , 2017,38 (2) -
229 -233.
(Jiao Zhi-jie, Sun Tao, Li Jian-ping. Pilot mill development
for the difficult-to-deform material rolling and experimental
research [ J]. Journal of Northeastern University ( Natural
Science) ,2017,38(2) ;229 —-233.)

[4] Park S J,Hong B H,Baik S C. Finite element analysis of hot
rolled coil cooling [ J]. ISIJ International , 1998 ,38 (11):
1262 - 1269.

[5] Saboonchi A, Hassanpour S. Heat transfer analysis of hot-
rolled coils in multi-stack storing [ J]. Journal of Materials
Processing Technology,2007 ,182(1/2/3) ;101 - 106.

[6] Saboonchi A, Hassanpour S. Simulation-based prediction of
hot-rolled coil forced cooling [ J]. Applied Thermal
Engineering ,2008 ,28 (13) ;1630 — 1637.

[7] ChoHH,Cho Y G,Im Y R. A finite element analysis for
asymmetric contraction after coiling of hot-rolled steel [ J].
Journal of Materials Processing Technology, 2010, 210
(6/7) :907 -913.

[8] Zhang X, Yu F, Wu W. Application of radial effective
thermal conductivity for heat transfer model of steel coils in
HPH furnace [ J]. International Journal of Thermophysics,
2003 ,24(5) :1395 - 1405.

(9] HBIAR. BB K & AL 50 B A L= AT 52 [ D]
M AR L% 2013,

( Qi Wei-dong. Research on heat transfer model of bell-type
annealing furnace and oxidization control of strip steel[ D].
Shenyang ; Northeastern University ,2013. )

[10] #lltes, M sc . ez [M]. dbat. & S H8F R,
2006 :43 —46.

( Yang Shi-ming, Tao Wen-quan. Heat transfer [ M ].
Beijing : Higher Education Press,2006:43 -46. )



