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Design of the Anvil Shape in Sizing Press for Decrease
of the Defect Generated Width Reduction
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Abstract

Generally, a vertical rolling process is used to achieve extensive width reduction in hot strip mill. However, it is
impossible to avoid the defects such as dog-bone and edge-seam defect. The sizing press process has been developed in
response to the defects mentioned above. Especially, this study is carried out to investigate the deformation of slab by two-
step sizing press. The deformation behavior of slab in the sizing press process is more favorable than that in conventional
vertical rolling edger. The FE-simulation is applied to predict the deformation behavior of the slab. In this paper, the
several causes of the asymmetrical deformation are mentioned for the purpose of understanding of the anvil shape. Load,
dog-bone and edge- seam defect are discussed in width sizing process considering the anvil shape. And to reduce the
problems generated at rougher mill just after sizing press, these are studied in this paper. The deformation behavior of
slabs and optimum anvil shape are obtained by rigid-plastic finite element analyses and neural network.
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Fig. 1 Parameters of sizing press with one-step die

Table 1 Conditiens of sizing press used in FE-simulation

for verification
Conditions Values
Material of slab AISI 1015

Dimension of slab (mm )

w1900 x L4000 x H210

Initial temperature () 1160

Friction factor {m) 0.35

Anvil frequency ( Hz ) 0.5

Anvil angle (°) a=13, p=15
Transfer pitch (mm ) L,=510

Flow stress model

Shida’s model

Width reduction  (mm)

AW =300
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Fig. 2 Comparison of present study and experiment|2]
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Fig. 3 Size variables of two-step die (Anvil)

Table 2 Material properties in hot forming process

Material AISI 1010
Thermal conductivity 519 w/mC
Slab Heat emissivity 0.3
Heat capacity 3.526 N/mm*C
Size H250xW1100mm
Material AISTH 13
Anvil Thermal c0f1d1.1ctivity 28.6 W/imC
Heat emissivity 0.7
Heat capacity 3.574 N/mm*C

Table 3 Process condition of sizing press for FE-analysis
100mm
m=0.35

113 N /sec-mm°C

0.02 ¥ /sec- mm°C

Width reduction

Friction factor

Interface heat transfer coefficient

Convection coefficient

Slab 1100C
Initial Temperature
Anvil 500C
Anvil velocity 380mm/s
Slab transfer length 380mm
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Table 4 Dimension of FE- simulation cases by 2step die o Before
Case 6, 0, | w,/w, L e -
+ | Hua He  Slal
1 7 7 0.7 | 142027 amit |l B I
2 7 14 1 1318.48 - i
3 7 21 13 1267.25 Fig. 5 Dog-bone profile in the cross-section area
4 14 7 1 131848
5 14 14 13 1216.67 Table 6 OA table for FE-simulation(Dog-bone)
6 14 71 0.7 1189.02 Geometric Dog-bone
7 21 7 13 1302.55 Case parameters (Hmax/Hc)
8 21 14 07 | 1177.17 o6, | W,/ W FEM ANN
9 21 by 1 114952 1 7" 7 0.7 1.10638 1.1064
2 7 14° 1 1.08544 1.0854
Table 5 Verification of ANN results(Load) 3 7 2r 13 1.09709 1.0971
Load Minimum Maximum A W T L 1.08852 1.0885
6-0,-(W, /W) | 21°-20°-0.9 70.70.1 3 5014 g 13 1.05653 1.0565
FEM 9.65 kKN 12.12 kN 6 14° 21° 0.7 1.15335 1.0533
ANN 9.60 kN 12.16 kN 7 21° 7 1.3 1.08805 1.0881
Contact length 1152.68 mm 1420.28 mm 8 21 |4 0.7 1.09948 1.0995
9 21° 21° 1 1.08178 1.0818
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Fig. 4 Comparison of lead and contact length
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Table 7 Verification of ANN results(Dog-bone)

Dog-bone Minimum Maximum
6-0,-(W, /W) | 21°-20°-13 7°-21°-0.7
FEM 1.053 1.162
ANN 1.056 1.123
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Table 8 Condition of rolling process

Condition Values
Material of slab SUS304
Slab size (H xW, mm) 200 x 600
Rolling type 2 High mill
Roll diameter (mm) 1200
Initial roll temperature (C) 500
Rolling velocity (rad/sec) 10
Fiction factor (m) 0.6
Total Reduction ratio (%) 50

Table 9 Slab width profile after rolling

Sizing press

Variables
B=50, 100, 150mm

£=10, 30, S0mm
=60, 70, 80°
After rolling process
Mode 1 Mode II Mode III
Slab Slab

(b) B=100 mm

(c) B=150 mm

-
. P
—y

Gb Sb 160 1&0 1)10
Flat-width (mm)
(d) Edge-seam length
Fig. 6 Distribution of metal flow and Edge-seam
length according to flat-width (B)
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