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Fatigue life prediction of clack box of bell-less top of large blast
furnace based on thermal-structural coupling

ZHAO Li-hua!, ZHANG Kai-lin', ZHANG Jian?

(1. Traction Power State Key Laboratory, Southwest Jiaotong University, Chengdu 610031, China;
2. Beijing Shougang Design Institute, Beijing 100043, China)

Abstract: Based on the work flow of charging equipment, three worst work conditions of the clack box were defined.
Then, based on thermal-structure coupled theory, the thermal-structure coupled of the clack box which suffered from
mechanical and temperature load was analyzed using the powerful software ANSYS. The clack box’s temperature field
and stress field as well as the stress spectrum of danger area in actual working condition were obtained. Finally, based on
crack initiation and crack extension theory, the clack box’s fatigue life was predicted. The results show that the stress of
clack box is lower than the yield limit of the material. The safety factor is between 1.8 and 3.2, and the distortion of clack
box is in the permission scope. The static strength and stiffness satisfy the request, and the life of clack box exceeds 107,
which meets the requirements.
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1
Table 1 Parameter of clack box for calculation
/t /
It t /MPa / (m-s ") /m
150 75 7.35 0.3 150 4 1.2 0.8 1.79
K u F 2
L vV Table 2 Mechanical load cases of the clack box
P o] 3 3
/t /t
375.84 23.60
2 23.60 375.84
375.84 250.56
( )
T
SOLID95 20
SOLID90 2
(7 58 905 3
185 985 1 16MnR Table 3 Integrated heat transfer coefficient of surface of
345 MPa 520 MPa clack box
/ WWm?>
148 17.8
130 15.7
110 14.2
90 13.3
70 12.5
N 50 11.9
30 11.3

2300 mm

Fig.1 Finite element model of clack box
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Fig.2 Temperature field of clack box under load of case
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Fig.3 Von Mises stress field under load of case

a/MPa
0.066 276,

>, 20.84
41.627
62.407
83.187
103.967
> 124747
145.528
166.308
187.088
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Fig.4 Von Mises stress field under load of case
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Table 4 Maximal Von Mises equivalent stress of dangerous

parts and relative displacement of pressure head under

different coupling load

oa/ op/ oc/ op/ st/ sg/
MPa MPa MPa MPa mm mm
185.0 1629 1242 108.2 0.71 0.57
1822 1440 1102 111.5 0.57 0.71
187.1 160.9 1249 113.7 0.47 0.49
St SR
A B C D
Von Mises
345 MPa 1.8~3.2
(1.5~2.0)
3
3
3
3
1 mm
3.3
33.1
ANSYS
ANSYS
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I K. Table 5 Data of calculating periods of engendering crack and
/ 0.1 mm I [0.1 1] crack developing
(o L] (= o/ MPa b &t ¢ Y
AKy, 947.1 —0.094 3 04644 05395 24
AKy, [13]
‘ AKgo/(10°N-m*?)  K/(10°N-m*?) c m
6.82 1.17 3.0<107"° 391
1.2(AK
MKy =—28K o) " ) (10)
r
1+0.2x%
1-r 6
r AKino 0 Table 6 Estimate results of fatigue life of clack box’s
2 dangerous parts
| _1[AK, a gomp
0 1\ Yo, A B C D
/107 1.364 7 1.1259 2.546 9 3.4653
Y Goodman
Oc
N 4
lo=—| == (12)
T Yamax
a.. — ~
K, .
¢ Von Mises
345 MPa 1.8~3.2
Paris b ~ 3
“ 7z Paris 1
mm
[14] [15]
C. ~ -
I 1
= —dl (13) 107
v, v ac- 7ty + 1)
U, =0.5+0.4r (14)
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