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Abstract

Today CAE technology is seeing its rapid development and got widely application in nearly all industries. For
metallurgy CAE is also becoming the highlight in many specialties and playing important rolesin process
optimization and property prediction for R&D of new product development. In this paper a typical example, i.e.
thermal -structure coupling simulation analysis on rolling process of H-shape steel with LS-DYNA is introduced.
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Preface

At present, it is somewhat difficult to monitor cross-section temperature field distribution of the
whole work-piece by experimental approachesin H-shape steel production. At the meantime,
CAE method is seeing rapid development in nearly al industries including metallurgy. In this
paper the rolling process of H-shape stedl is simulated with three-dimension elasto-plasticity FE
method with consideration of thermal coupling, and the deformation behavior of work-piece as
well as temperature field distribution are obtained.

LS-DYNA isafamous explicit code including implicit function from LSTC, it is very much
strong in the analysis of metal forming, blast, drop test, crashworthiness, material failure
prediction, etc. offering both traditional methods such as Lagrange, ALE and Euler and the latest
technologies such as SPH and EFG. Moreover, LS-DY NA provides high-efficiency paralel
computation technology like SMP and MPP, the later seems much more attractive and effective
for super model.

Modeling

The 3D CAD model is shown in figure 1 and the continuous casting shaped bloom isused in H-
shape steel production, see figure 2 for the cross section of product. For symmetry it is ssimplified
as one quarter of the section. Taking 500mm-long bloom along the rolling direction as original
reference model, the FE mesh of bloom is shown in figure 3. Therollers are simplified asrigid
and then dispersed only on exterior surface with triangle meshes. The whole FE model for the
first passis shown in figure 4.
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Figure 1 CAD model (3D) Figure 2 Cross section of shaped bloom

Figure 3 FE model of bloom

Figure 4 The whole FE model for the first pass
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Boundary conditions, material model and loads

The elasto-plasticity three-dimension FEM with thermal-structure coupling is used in the rolling
process in order to predict the deformation and temperature distribution of rolled piece. Some
parameters are listed as follows,

Original temperature: 12000

Material of bloom: Q235 (low carbon steel), Elasto-plastic.

Roller: rigid body. The temperature of roller is about 3001 and kept constant during calculation.
The heat transfer coefficient between roller and piece is valued as 20 kW/ (m?K).

The reduction of H-shape steel is quite large during rolling process leading to temperature
ascending of rolled piece. When calculating temperature distribution during rolling process, it is
necessary to consider the contribution of plastic work to heat energy. In this research, it is
assumed that plastic work done transformed to heat energy completely.

Calculation and results

According to the pass schedule, the whole rolling process is simulated and the calculation
principle isto calculate every pass separately and the original condition is the result of former
pass. The calculation content consists of every pass deformation and the three-dimension
temperature distribution of the rolled piece.

Mol Sta. |Groove| Dimension dn | Work. | Force Area Length|Torgue| waork. | Speed| RFM Raoll | Dead
Mo. Gap Red. Dia. Time | Time

mm mm mm kN mm® % m kNm | mm /s F/min 5 5

1 1C — 140 138 | 2039 (160328 15 | 12,6 | 200 | 958 2 358,87 68 | 1204
H 1/C — =5 5 83 | 5190 | 154145 39 | 131 467 | 1018 | 22 | 41,27 5.4 5
B 1C — 70 15 68 | 7669 | 138635 10,1 | 14,5 | 1080 | 1018 | 24 | 4503 6,6 5
z 1/C — sz 12 56 | 7484 | 126155 90 | 160 | 1021 | 1018 | 26 | 4878 | 6,6 5
5 1C 43 g 47 | 6958 | 116741 75 | 173 | 831 | 1018 | 28 | 5253 B,7 5
BECEEE — 42 7 40 | 6GET | 109381 63 | 184 | 718 | 1018 3 56,28 6,6 5
Z 2B — &5 63 | 4834 | 107960 1,3 18,7 | 678 | 950 28 | 55,76 7.2 7
8 2/B — 42 40 | 4161 | 106880 1,0 | 189 | 553 | 1023 | 32 | 58,74 | 64 5
E A 42 40 | 3949 | 105811 1.0 | 190 | 531 | 1024 | 3,2 | 5968 | 65 7

Table 1 pass schedule for BD mills

It is calculated severa times during cogging process of BD rolling mill according to the eighteen
unitsin table below. Where, C isthe cooling coefficient during pass interval.

Passnumber | BD1 | BD2 | BD3 | BD4 | BD5
Calculaionunit | R[C[R|C|R|C|R|C|R]|C
Passnumber | BD6 | BD7 | BD8 | BD9
Calculationunit | R|C|R|C|R|C|R]|C

Table 2 Calculation units for BD mills

The following contours show the temperature and stress resultsin every pass for BD mills.
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Figure 5 Simulation results for BD1
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Figure 6 Simulation results for BD2




9" International L S-DYNA Users Conference

Simulation Technology (2)

BD3

Finge Levels

1082e403
1o7ses0n |

ZGMTEST
E

rs of Temperature
67,99, a nodeit 112081
223,35, at noded 111309

Fringe Levels

12230403

TesT

Contours o Temperature

min=1090.87, at nodeit 100459
211,94, 3 noded 101549

Fiinge Levels
12120003

12080403

11920103
17T _
1161403
163 |
1130403
[RIERTEN
1099403
1.084403
el

|2nn=~na|
et
R
R
1stenns
Liaseuns |
RE
Latseuns |
L0cemn |
tomenns

Fringe Levels
o Comtaurs of Temperatur
12120403

12030003 I P R
11930403

11840403 _
14750403 _
1a66eina |
1156403 _|
1147403 _|
11380403 _
1128103 |

xd7

7.7, at noded 104370
1.6 1104867

Fiinge Levels
12110403

1208403

1.1960+03

1189403 _
11820403 _
1araein |
11670403 _|
11600103 _|
1aszer0n |
11450403 |
11380403 |

Figure 7 Simulation results for BD3
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Figure 8 Simulation results for BD4
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Figure 9 Simulation results for BD5
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Figure 10 Simulation results for BD6
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Figure 11 Simulation results for BD7
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Figure 12 Simulation results for BD8
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Figure 13 Simulation results for BD9

Discussion of BD result

Analysis of deformation result
The cross-section after deformation is abstracted from the every pass cal culation result of BD

rolling mill and piled up, referring to figurel4 and figurels.

ZGM-TEST

b 0 i
B N | B

Figure 14 Comparison of exit profiles for each passes

8-68




9" International LS-DYNA Users Conference Simulation Technology (2)

Figure 15 Cross-Section Comparison between origina bloom and final product profile
In those figures above, 0 means the profile of the ingot cross-section, 1 means the profile of the
rolled piece after the one pass in stable stage, and so on.

And we have the following conclusions from above analysis:

During rolling process, the reduction of web plate is quite big while the reduction of flange
plate is amost invariable.

The big reduction and extend result in the phenomena ‘tongue’ at web plate.

The metal deformation is very great at R position, and it is difficult for heat to dissipate
because of large thickness. A great deal of plastic work transformed to heat energy and the
temperature ascended along with continuous accumulated reduction.

The surface of rolled piece exposes to the air, so the surface temperature will fall first
because of dissipate through radiation and convection.

In deformed area, the temperature of the rolled piece surface contacting to the roller fals
very greatly. The main reason is that the roller’ s temperature is fairly low and heat exchange
Is then occurred between them.

Temperature track of the key points
The temperature of key points shown in figure 15 is tracked.

106161106162

106151

106155

106150

105926 105946

105975 105497 106148

Figure 16 Selected key points on cross section
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Figures17-20 show temperature change of key points during rolling process of BD rolling mill.
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Figure 17 Temperature changes of key points 105926,105975,105946 and 105997
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Figure 18 Temperature changes of key points 105966,106027,106061,106102 and 106148
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Figure 19 Temperature changes of key points 106069,106043,106075,106110 and 106155
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Figure 20 Temperature changes of key points 106082,106096,106150,106151,106161
and 106162

After analyzing temperature change of key points during cogging process in depth, we have the
conclusion as follows,

Temperature on key points on the surface falls rapidly when the rolled piece contacts the
roller, and the drop of the temperature is great during contact time.

Key points temperature in rolled piece ascend and the situation is opposite.

Temperature distribution on cross-section shows trend of dropping, but only a few points
temperature shows trend of ascending.

The metal temperature of the flange plate center and the R position always shows a ascend
current, and finishing temperature is higher than the origina value.
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