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COOLING SIMULATION AND INVERSION OF RESIDUAL STRESSES OF STEEL PLATE
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Abstract The cooling process of the steel plate after hot rolling was simulated using the sub-modeling technique and the shell ele-
merts as well as the solid elements in Ansys finite element method software, producing the three dimensional temperature fields. The re-
sults show that the sub-modeling is a great approach to obtain the best finite elemert density and that the shell element produces more ac-
curate results than the solid element under the same mesh density, which suggests that the cooling process can be modeled with more eff-
ciency by the shell element. Moreover, the recertly proposed method by Prime to measure residual stresses was expanded to the inversion
of the residual stresses in steel plate. The residual stresses of a single cut plane were obtained thiough single slit method, which then was
expanded to mult-cuts method including unidirectional and orthogonal slit method so as to get the residual stresses of mult+ cuts planes,
which was verified by the numerical simulation. This work has made possible getting the three- dimensional residual stresses and predic
ing the deformation of the steel plate after slitting.
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Tab.1 The heat transfer coefficients and corresponding te mperatures
of cooling medium in different regions of steel plate

Upper and low surface

2
Convection
) Lateral
parameters wface  IMPIgng Film Radiation and air
zone hoiling zone  @nvection zne
X 5
Heat transdfer
» .. 250 10 000 250 25
coefficient
We(m®™C) !
[14] .
, Prime
[15]
’ Temperature of
. . 10 10 10 20
PEgllB.I‘O Prime cooling medium
[ 16] ;
’ T/ C
2
2 . .
(solid- solid)
2 m 0.1m ,
DN H= Ly
1 FLE#EAEH
2
submesh0  submesh3( 3)
,  10m, 10 ’
17143
I nys, (1] )
coarse
1.1 ( ) '
2.5mm 5 mm 9
’ e bmesh0 7 7
submes
3.5 mxX25 mm ’ [23] |
11102109 22365366
t Cx 2 Abaqus
5 ’ [24
Ansys
14 s ' g
o 2
13139 5
( ' ' ’
[1819 [5] 143- 144] 1) [s] 149144[21“22]365) ( s
1.3
1) ,
o 2 2
, Ansys (table type ar 1
[174
ray parameters) ’ ’
( 2) ,
1.2 , 10
( sub- modeling) , ) ,
2

Tab.2 Material constants
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Tab.3 The dimension and number of elements along the thickness

of coarse and sub-models
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Fig. 1 The cooling curve at the head, middle and end
parts of the upper surface of geel plate
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Fig.2 The tanperature distribution curve along the upper
surface path of the sub-models after cooling
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Fig. 3 The temperature dstribution curve along the upper surface

path of the sub-models as well as the coarse models after cooling
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