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Finite Element Analysis for Iron-Making Furnace
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Abstract

There has been recent demand for extending the life of age-degraded structures and
equipment by such techniques as diagnosis, maintenance, safety assessment, and estimating
residual life on iron-making plants and hydraulic, thermal, and nuclear power plants. These
techniques take into account comprehensive scenarios that may cause malfunction and
structural damage and allow an assessment of risk based on the likely scenarios. In particular.
the safety assessment and residual life estimation of age-degraded ships and equipment
facilities require consideration of various factors such as mechanical and thermal stresses.
corrosion, hardness, load variation due to changes of operating condition, crack generation.
and strength reduction of material by fatigue.

In this study, a detail thermal stress analysis, one of useful techniques of safety

assessment and maintenance, is performed on a blast furnace by using general FEM code
(MSC/NASTRAN).
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Fig. 1 Design detail of furnace structure Fig. 2 Inner surface temperature distribution
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Fig. 3 Finite element model

3. FEE 84

1z 28Y A4S AT A /xEAd GAEANE F89T A9 DA(Hear
source)ol ¥ FEE ¥ SETUsL Ae] Ho| G WHo] A7), o8 FFHoz Tyl
7) Aste] AAEANE FPPch oY LETUE otar] A AHE sAsol ). Hat
A, 2 dFNE 12 e 2HY 2o mzYEe FHHE WHYE, WHRe AXNDA
x5} oA Wsketel 9% Aol T@AEAE 2AARAR,

09 3¢ GAEAY B4 NSEE L Y4BROE o/Fojn AXAAVTE THE 1z ©
"ol g ety gk

- 247 -



ELITINCTETY
. e
B
st)
by \\
(BT Y- 1o
wae g
{530} Joo—

R B0W

Fig. 4 Thermal analysis model case 1, 2 for selected furnace wall
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Fig. 5 Two dimensional thermal analysis model for furnace wall(unit: mm)

Table 1 Furnace wall material properties

Thormal
Specific Heat (Cp) Density (p)
anm 60.7 1169 7854
Copper 339 480 8933
Uit & 14.42 200 2600
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Fig. 6 Temperature distribution of thermal analysis case 1(cooling water temperature 100C

and 10007C inner surface heat source)

Fig. 7 Temperature distribution of thermal analysis case 2(cooling water temperature 53°C and

1000C inner surface heat source)
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Fig. 8 Temperature distribution along the furnace wall for several heat input conditions
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Table 2 Furnace wall (outer surface steel) material properties

SMSICN SMseC

- t20mem 1S40mm 240mm

Bgxn

(igfmm? 2100

&l 0.3

Hse

-6
(iglmm® 7.85 x 10

HOE N4 119 x 10°

UBAS

(sgf/mm? 41 ~ 52 50 ~ 62

YA

(kgf/mm? 24 22 33 30

Table 3 Furnace wall(thermal barrier brick) material properties

E Thermal barrier brick

B4X% (kgfmm? 2000
=Zgatl 0.2
BIBE (kglmm® 260 x 10°

HEFH4 7.14 x 107
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Fig. 11 von-Mises equivalent stress distribution of furnace lower structure including thermal
barrier brick structure
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