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LIFE PREDICTION MECHANISM OF LADLE COMPOSITE STRUCTURE BODY BASED 
ON SIMULATION TECHNOLOGY

Ladle plays an important role in the metallurgical industry whose maintenance directly affects the production efficiency of 
enterprises. In view of the problems such as low maintenance efficiency and untimely maintenance in the current ladle passive 
maintenance scheme, the life prediction mechanism for ladle composite structures is established which bases on the stress analysis 
of steel shell and ladle lining in the production process, combining conventional fatigue analysis and extended fracture theory. 
The mechanism is accurate and effective according to the simulation results. Through which, the useful life of steel shell can be 
accurately predicted by detecting the crack length of it. Due to the large number of factors affecting the life of the lining of the 
ladle, it is difficult to accurately predict the life of the ladle lining, so a forecasting mean based on the thermal shock method is 
proposed to predict the service life of the ladle lining in this paper. The life prediction mechanism can provide data support and 
theoretical guidance for the active maintenance of the ladle, which is the prerequisite for scientifically formulating ladle initiative 
maintenance program.
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1. Introduction

Ladles play a role in transporting high-temperature liquid 
steel in steel production. Extending the service life of the ladle 
can not only save the production cost, but also reduce the erosion 
of molten steel on the refractories of the ladle and thus improve 
the quality of molten steel. Because many factors affect the 
ladle’s life and the technical standards of ladle are not uniform, 
there are few active maintenance plans for ladle. So the service 
life of the ladle may be greatly improved by actively and ef-
fectively maintaining the operation.

About the longevity technology of ladle, researchers have 
made significant study. In actual production, the ladle is always 
subjected to the weight and thermal shock of the molten steel. 
Therefore, by studying the stress variation and the factors affect-
ing the life of the steel ladle, it is beneficial to the maintenance 
and maintenance of the ladle. Since the 1970s, the rapid devel-
opment of the refining technology outside the furnace and the 
requirements for molten steel quality have become increasingly 
demanding. Research on lining refractory materials has also re-
ceived extensive attention. The characteristics of the refractory 
material not only affect the life of the ladle but also affect the 
industrial production efficiency. V.V. Slovikovskii [1] analyzed 
the performance of the cast ladle lining, using high-temperature 

adhesive as the lining refractories, making the ladle life expec-
tancy increased by 30%-50%. V.A. Kononov et al. [2] studied 
the high temperature resistant mullite-high silica material and 
used it as the working lining for ladle thermal insulation and life 
analysis. The results show that the lining can not only achieve 
better thermal insulation effect, and can extend the service life 
of cast ladle. Gongfa Li [3-6] proposed a new type of steel 
ladle with nano-insulating material lining for the simple lining 
structure of traditional ladle. The temperature field of the new 
ladle with nano-insulating material lining was adopted by finite 
element technology in which the stress field was analyzed and 
studied. By studying the temperature field and stress field of the 
new ladle under different working conditions, it was found that 
the new ladle with nano-liner material had more advantages in 
thermal insulation performance and ladle life than the traditional 
ladle. At present, the research on longevity technology of ladle 
is mainly focused on the research of ladle refractories, improve-
ment of process and maintenance of high temperature equipment 
[7-10]. However, these methods all passively prolong the life 
of the ladle, and there is no active prediction mechanism in the 
maintenance of the later stage. Borges et al. [11] studied the wear 
mechanism of refractories whose results are of great significance 
for the analysis of the wear and performance evaluation of ladle. 
Zhou et al. [12] analyzed the temperature field and stress field 
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of the continuous casting tundish cover plate, and analyzed the 
fatigue life of the critical point using fatigue damage mechanics 
and modified SN curve. In which, a new fatigue life prediction 
method was proposed. This method is advantageous for effective 
monitoring of fatigue cracks in high temperature equipment.

The research on the structure optimization of the ladle and 
the lining material has greatly extended the service life of the 
ladle. At the same time, the ladle maintenance is also an important 
factor affecting the ladle life. Therefore, the study of the ladle’s 
late-term maintenance has the effect of improving the service 
life of the ladle. This paper will analyze and calculate the ladle 
shell and liner life of ladle in actual production in combination 
with specific production conditions, and establish a life predic-
tion mechanism to provide an important theoretical basis for the 
active maintenance mechanism of ladle.

2. Stress field model of steel shell and ladle lining

The object of this study was the 200/300 t ladle model, 
as shown in Fig. 1. The slag line working layer in the lining is 
mainly made of magnesia carbonaceous lining brick. The work-
ing layer of the package bottom and the package wall is mainly 
made of aluminum-magnesium carbonaceous lining brick [13], 
[14]. The high-aluminum lining brick is mainly used for the bot-
tom layer and the permanent layer of the package wall.

Fig. 1. 200/300 t ladle structure body

Fig. 2 shows the finite element model used in numerical 
simulation. The finite element model uses automatic mesh-
ing, there are 34660 total finite element models, and there are 
9668 nodes. The element type is selected according to the cal-
culation. When calculating the temperature field, the selected 
element type Eight-node thermal entity unit (Solid70) provided 
for the software. At the same time, in combination with the 
specific working conditions of the ladle, a heat transfer model 
of the ladle is established, as shown in Fig. 3.

At simulating the temperature field and stress field of the 
ladle, the physical property parameters of the material will di-
rectly affect the accuracy of the calculation results of the ladle 
temperature field and stress field. In the calculation of finite 
element temperature field and stress field, the physicochemi-

cal parameters involved include the material density, thermal 
conductivity, specific heat, elastic modulus and Poisson’s ratio.

The physical parameters used in this study were obtained 
by consulting the relevant literature. The parameter values are 
given in Tab. 1-3 [14].

TABLE 1

Thermal conductivity values of ladle bottom and wall refractory

Temperature (C°)
Thermal 
conductivity (w/m k)

Temperature (C°)

20 400 800 1200

Working layer 
(aluminum magnesium 

carbonaceous)
1.15 — — —

Permanent layer 
(micro expansion high aluminum) 0.5 — — —

Slag layer (magnesium carbon) 2.35 2.1 1.75 1.55
Ladle shell 50 39 30 18

Fig. 2. 3D finite element model

Fig. 3. Heat transfer model
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TABLE 2

Specific heat capacity of ladle bottom and wall refractories

Temperature (C°)
Specifi c Heat 
Capacity (J/kg k)

Temperature (C°)

20 400 800 1200

Working layer 
(aluminum magnesium 

carbonaceous)
800 900 1020 1200

Permanent layer 
(micro expansion high aluminum) 610 750 1175 1320

Slag layer 
(magnesium carbon) 1080 — — —

Ladle shell 400 420 510 600

TABLE 3

Physical parameters values of ladle bottom and wall refractories

Physical para-
meters

Refractory 
material

Coeffi cient 
of expansion
(α×10–6 K–1)

Density
Kg/mm–3

Elastic 
Modulus

(MPa)

Poisson’s 
ratio

Working layer 
(aluminum 
magnesium 

carbonaceous)

8.5 2.95e-6 6300 0.21

Permanent layer 
(micro expansion 
high aluminum)

5.8 2.8 e-6 5700 0.21

Slag layer 
(magnesium carbon) 15 2.9 e-6 8000 0.21

Ladle shell 13 7.8 e-6 175000 0.3

In general, the natural convection coefficient of air and steel 
cladding is 5 to 10 W/(m2·K), and the more accurate formula 
is Eq. (1):

 
1/3

1.826 s

s a

T
h

T T
  (1)

In which, h is convective heat transfer coefficient, Ts is steel 
shell temperature, Ta is the temperature of the surrounding air.

The ability of an object to radiate heat depends on the tem-
perature of the object. Since the ladle temperature of the studied 
ladle is generally around 170°C to 310°C, the radiant heat conver-
sion can be simplified to the form of convection heat transfer in 
order to save computing resources. The equivalent convective 
heat transfer coefficient when the radiative heat exchange be-
tween the steel cladding and the surrounding is converted into 
convection heat can be expressed by Eq. (2).

 hr = εB(Ts
2 – Ta

2)(Ts – Ta) (2)

In which, hr is equivalent convection heat transfer coeffi-
cient, Ts is temperature of the steel cladding, Ta is the temperature 
of the surrounding air, B is Boltzmann constant, ε is emissivity.

Since the radiation on the surface of the ladle is similar to 
the radiation heat transfer system with F1/F2 approaching zero, 
the emissivity factor is 0.8. In which, B = 5.67e–8 W/(m2· K–4), 
Ts = 525.7K, Ta = 303K, so hr = 13.8 (W/m2· K–1).

After the above calculation, the radiative and convective 
heat transfer conditions of the steel cladding are preliminarily 
determined.

When calculating the stress field, the sequential coupling 
method is adopted, that is, the temperature field of the model is 
calculated at first, and then the temperature field result is used 
as the body load calculated by the stress field to calculate the 
stress field of the ladle composite structure. When dealing with 
the boundary conditions, it is necessary to constrain the displace-
ment of the nodes in the y-direction on the symmetry plane of the 
ladle, and set the nodes on the symmetry plane to be symmetrical. 
The other constraints are determined according to the different 
states of the ladle. The loads acting on the ladle model include 
mechanical load and thermal load, and when calculating the ladle 
stress field, it is calculated separately under the conditions of 
lifting, trolley or landing. The support of the ladle on the steel 
water truck, the lifting and the ladle turret is achieved by applying 
a z-direction elastic boundary constraint on the corresponding 
node. The calculation results are shown in Tab. 4.

TABLE 4
Equivalent stress of ladle lining and outer casing 

under different working conditions

Working 
conditions

Equivalent stress range 
of the lining

Equivalent stress range 
of the outer casing

Under lifting 2.5 MPa~45.0 MPa 2.0 MPa~238.0 MPa
On the trolley 2.3 MPa~44.1 MPa 0.2 MPa~222.0 MPa

Landing 3.9 MPa~37.4 MPa 0.4 MPa~244.3 MPa

In the lift state, the maximum stress appears on the interme-
diate band on the symmetry plane of the model. On the trolley, 
the maximum stress of the equivalent stress of the refractory 
lining appears at the bottom of the slag line on the hot surface 
of the lining; the maximum stress of the equivalent stress of the 
steel cladding occurs at the joint of the root of the ladle and the 
ladle barrel, especially at the ends of the pedestal. In the ground 
state, the equivalent stress of the refractory lining is between 
them. The maximum stress appears at the bottom of the slag 
line on the hot surface of the lining and the maximum stress 
of the steel cladding appears at the center of the bottom of the 
package where the bottom support structure of the ladle is not 
considered. The area of contact with the ground is much larger 
than the actual situation, and the actual stress at the bottom of 
the ladle is larger than the calculated value here.

3. Life prediction of steel shell

3.1. Structural Analysis of Steel Shell

In material mechanics, the conditions under which the 
strength of a component is designed and analyzed are as follows:

For brittle materials: b

bn
 (3)
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For plastic materials: r

rn
 (4)

In which, σ is the working stress calculated based on the 
load, [σ] is the allowable stress. σb, σs and σr are the ultimate 
strength, yield limit, and long-lasting limit of the same material. 
nb, ns, nr are the safety factors of σb, σs, σr.

In terms of strength design, there are the following basic 
understandings:
(1) The working stress on the member at the time of fracture 

is relatively low, generally not exceeding the yield limit of 
the material, and sometimes less than the allowable stress. 
Even though the member is made of plastic material, brittle 
fracture may occur for “low stress brittle fracture”.

(2) Low-stress brittle fracture is often caused by the presence 
of a crack source with a length of 0.1-10 mm on the internal 
surface of the component. The existence of such macro 
cracks is due to defects in the material smelting process 
such as various welding defects, scratches, pits, cuts, or 
corrosion and fatigue during use.

(3) Low-stress brittle fractures of low- and moderate-strength 
steels generally occur at lower temperatures, and brittle 
fractures of high-strength steels do not change with tem-
perature.

Although the traditional design method considers the stress 
concentration factor, the research object is treated as a uniform 
and continuous object without considering that any material or 
stressed component inevitably has a certain defect or crack. It is 
due to the existence of such a crack. The component also suffered 
a fracture under lower stress. As severe accidents continue to 
occur, people gradually realize that the traditional strength theory 
is incomplete [15,16]. Therefore, on the basis of summarizing 
the fracture accidents, we have found a way to discuss fracture 
failure from the mechanical point of view, namely the fracture 
mechanics method. The research object of fracture mechanics 
is a cracked object, which provides a theoretical basis for cor-
rectly considering the influence of the defect on the strength of 
the component. In this paper, the ladle life prediction is based 
on fracture mechanics theory.

First of all, fatigue life calculations are required for three 
locations of the maximum stress points at the base of the new 
steel cladding trunnion, ladle seat and ladle shell.

According to the stress results calculated by the finite 
element method, the stress concentration factor is taken into 
consideration, and the stress of each part is less than the yield 
limit of the material, and the high-cycle fatigue safety factor 
method is used for checking [16].

 1

D a m
n n

K
 (5)

In which, σD is the part fatigue limit when the stress ratio 
is R. σm – Average stress, ψa – Average stress conversion factor, 
σa – Stress amplitude. KσD – Coefficient of fatigue reduction of 
parts under symmetric cycle.

1) Checking the root of the steel shell trunnion
Fig. 4 shows the minimum equivalent stress cloud of the 

8472 node of the trunnion root, corresponding to the state of the 
ladle when it lands.

Fig. 4. Equivalent stress cloud diagram of the trunnion of the ladle 
when landing

According to Fig. 4 and related calculations σmax = 159.39 
MPa, σmin = 13.03 MPa, σm = 86.21 MPa, σa = 73.18 MPa, and 
ε = 0.55, β = 0.8, Kσ = 1, ψσ = 0.1, so KσD = 2.07, nσ = 1.46.

2) Checking of ladle seats
Fig. 5 is the minimum equivalent stress cloud diagram for 

the 6311 node of the ladle seat, which corresponds to the land-
ing state of the ladle.

Fig. 5. Equivalent Stress Cloud of Ladle Carriage when Landed

According to Fig. 4 and related calculations σmax = 221.96 
MPa, σmin = 56.29 MPa, σm = 139.13 MPa, σa = 82.84 MPa. 
In which ε = 0.88, β = 0.8, Kσ = 1, ψσ = 0.18. So, KσD = 1.39, 
nσ = 1.25.
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3) Checking the ladle base
Fig. 6 shows the minimum equivalent stress cloud of the 

ladle base 194, corresponding to the ladle lifting status.

Fig. 6. Equivalent stress cloud diagram of ladle base during lifting

As in Fig. 6, σmax = 244.26 MPa, σmin = 50.72 MPa, 
σm = 147.49 MPa, σa = 96.77 MPa. In which ε = 0.88, β = 0.8, 
Kσ = 1, ψσ = 0.05, so KσD = 1.39, nσ = 1.24.

The stress values σmax and σmin at each point in the above 
three cases are finite element calculation results, and it can be 
considered that the stress concentration factor has been included, 
so each Kσ = 1. The selection of the trunnion parameters is based 
on forging and the rest of the positions are in accordance with 
the hot-rolled steel plate.

The calculation results show that the safety factors in the 
above three locations are relatively small, but all are greater than 
1. According to design specifications, for a structure such as 
a ladle, the fatigue factor is greater than two. The above results 
show that the fatigue life of the steel cladding is not infinite 
life (>1 ~ 5×106). Their lifetime at a safety factor of 2 can be 
converted according to Eq. (10):

 N = N0 /K m (6)

In which, K = 2/nσ = 2/2.14; m = 9; N0 = 106 (Min), so the 
minimum life is: N = 13537 times.

3.2. Calculation of Extended Life of Ladle

Fatigue fracture is a major form of failure of welded metal 
structures. It occurs in components subjected to alternating or 
fluctuating strains. Generally, the maximum stress corresponding 
to failure is lower than the tensile strength of the material and 
even lower than the yield strength of the material [5,10,17,18]. 
Therefore, the fracture is often low without obvious plastic de-
formation. Stress fracture. According to statistics, the failure of 
the welded structure due to fatigue cracks accounts for more than 

70-80% of the total fracture accidents, and about 50%-90% of the 
mechanical structures are destroyed by fatigue. The traditional 
fatigue design theory ignores the cracking of the component 
itself, but in reality, the presence of cracks in the component will 
seriously affect the service life of the component.

Metal fatigue failure can be divided into three stages: 
1 – microscopic crack propagation stage. Under cyclic loading, 
due to the non-uniform microstructure of the internal micro-
structure of the object, microscopic cracks are first formed in 
some weak parts [19-23]. After that, the cracks expand along 
the direction of the maximum shear stress that forms an angle 
of approximately 45° with the principal stress. At this stage, the 
crack length is approximately within 0.05 mm. If the loading 
continues, the micro cracks will develop into macroscopic cracks. 
2 – Macroscopic crack propagation stage. The crack propagates 
substantially in a direction perpendicular to the principal stress 
[24-29]. With the aid of an electron microscope, fatigue strips 
left over from each stress cycle in this phase can be observed 
on the fracture surface [30,31]. 3 – instantaneous fracture stage. 
When the crack expands so that the surviving cross-section of 
the object is not sufficient to resist the external load, the object 
will suddenly break under one load. Fig. 7 shows the three stages 
of crack propagation.

Fig. 7. Three stages of crack propagation

For phase I, the crack no longer propagates when it is re-
duced to a certain limit value ΔK th, which is called the fatigue 
threshold value [32]. It is greatly affected by factors such as the 
average stress, the environment, and the microstructure of the 
material [26,33-35]. For the crack propagation phase II, P.C. 
Paris in the United States proposed a formula based on the test 
results in 1963, which is called the Parisian type:

 da /dN = C(ΔK)m (7)

Where C and m are material constants. For commonly used 
structural steel aluminum alloys, m = 2~4.
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Parisis is a straight line in the double logarithmic coordinate 
system, basically in line with the experimental results of phase II. 
The mechanism of the final phase III of crack propagation is 
relatively complex, and the proportion of crack growth life is 
very small so that there are few studies. Taking the ladle bot-
tom as an example, the crack life is calculated and the results 
are shown in Tab. 5.

TABLE 5

Calculation result of the life of the ladle bottom

Crack propagation 
threshold

ΔKth (MPa·m0.5) 12
ath (mm) 0.5

a0 (mm) ΔK (MPa·m0.5) N (cycle)
0.4 10.70 Infi nite life (>106)
1 16.92 23042
2 23.93 15781
5 37.83 10949
10 53.50 8977
12 58.61 7593
15 65.52 4119
18 71.78 2231
20 75.66 1432
25 84.59 253

26.7 87.42 11

It can be known from Tab. 5 that the crack length corre-
sponding to the crack propagation threshold value is 0.5 mm, and 
when the initial crack length is 0.4 mm (<0.5 mm), its lifetime 
(ie cycle number) is infinity (>106), along with the initial crack 
With the increase of the length, its life is gradually reduced; 
when the initial crack length is 15 mm, the crack has developed 
to a rapid expansion zone, and the corresponding fatigue life is 
4119 times; when the initial crack length is 26.7 mm, the corre-
sponding fatigue life is only 11 Second, it can be assumed that the 
crack propagation has ended and the material will be destroyed.

4. Ladle lining material life prediction

The damage of a solid material is essentially a discrete en-
tity, and its delicate analysis requires that specific micro-defects 
be treated as discrete disturbances in a continuous medium. 
Although this theoretical analysis has certain possibilities, it 
is quite difficult. Therefore, the continuous damage mechanics 
theory is applied to introduce the damage effect into constitutive 
equations of continuum mechanics [36], and a continuous dam-
age mechanics model and the corresponding damage evolution 
equation are established so as to be applied to the treatment of 
practical problems such as life estimation, safety assessment, 
and material research [37,38].

According to the continuous damage model, the small vox-
els in solid materials were studied. It is a material point on the 
macroscopic level, much smaller than the engineering structure 
scale, but it is not a micro-structure. Since the parameters such 

as mass, strain, stress, and temperature are not evenly continuous 
in nature, the voxels taken must contain enough microstructure 
to examine the average behavior and response of each parameter 
in the body element [39].

The fatigue damage of the refractory lining under thermal 
stress is closely related to the fatigue behavior of the material 
under mechanical stress. Thermal fatigue damage is accompanied 
by the accumulation of microscopic structures and the degen-
eration of macroscopic physical properties. The propagation of 
cracks also produces acoustic emission signals. As the number 
of thermal fatigue increases, the residual compressive strength of 
the refractory lining will gradually decrease, and the relationship 
between the number of thermal shocks and the residual strength 
σR after the thermal shock of the refractory lining is expressed 
as Eq. (8):

 σR = A lgN + B  (8)

Among them, A and B are material experimental constants.
When the actual stress of the refractory lining reaches its 

residual strength, the material will break and be damaged [40]. 
Here, it is assumed that the thermal load is applied alone without 
chemical corrosion, and that the ladle one-time thermal cycling 
process is an equal amplitude thermal shock. Taking slag-line 
magnesia-carbon firebrick as an example, it can be known 
from the previous section that the maximum equivalent stress 
of magnesia-carbon firebrick is σmax = 45.0 MPa, and the com-
pressive strength of magnesia-carbon firebrick is 48 MPa. It is 
known from literature that magnesium carbon is in the formula 
of the relationship between the number of thermal shocks and the 
residual strength of the refractory lining, the constant A = –1.58 
and B = 48 (assuming that the first thermal shock has negligible 
damage to its compressive strength).

 10 79(Heating times)
R B
AN  (9)

It can be seen that when the thermomechanical load is ap-
plied alone and the chemical corrosion does not affect the life 
of the Mg-C refractory lining, the maximum life of the refrac-
tory brick is σmax = 45.0 MPa, and the maximum life can reach 
79 times; Under the dual effects of thermomechanical load and 
chemical corrosion, the service life of the slag layer firebrick is 
40 times and the maximum is 46 times. It can be seen that the 
thermal mechanical load has a great influence on the service life 
of the slag layer firebrick. Under the double action, the service 
life under the double action is about half of the lifetime under the 
effect of the single thermo-mechanical stress. Tab. 6 and Tab. 7 
respectively show the maximum thermal stress of the lining of 
each layer under three supporting conditions, and the life of the 
ladle lining under the effect of separate thermo-mechanical stress.

From Tab. 7, it can be seen that the damage patterns be-
tween the linings of the layers are different. The slag layer has 
the corrosion and thermal load of the steel slag. The working 
layer lining has molten steel corrosion and thermal load. The 
permanent layer lining has no corrosion but only thermal load. 
The life span of magnesium slag layer is 79 heats, and the actual 
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life is 40 times; the life of aluminum-magnesium carbon work 
layer is 136 heats, and the actual life is 80 heats; the life of high-
aluminum permanent layer is 158 times, and the actual life It’s 
about 160 heats. This shows that the calculation results of the 
liner life of each layer are basically the same as the actual life.

TABLE 6

Maximum thermal stress of the lining of each layer 
under three supporting conditions

Maximum thermal stress 
(MPa)

Support state
Lifting On the trolley Landing

Layers 
lining

Working layer 
(aluminum magnesium 

carbonaceous)
45.0 40.9 37.4

Permanent layer 
(micro expansion high 

aluminum)
41.6 38.5 35.7

Slag layer 
(magnesium carbon) 20.1 19.2 18.1

TABLE 7
Life of the individual linings of the ladle 

under thermomechanical stress alone

Layers lining
Experimental parameters Life 

(heating times)A B
Working layer 

(aluminum magnesium 
carbonaceous)

–1.58 48
79 (Thermal 
mechanical 
stress alone)

Permanent layer 
(micro expansion high 

aluminum)
–13.20 69.8

136 (Thermal 
mechanical 
stress alone)

Slag layer 
(magnesium carbon) –13.61 50.1 158 

(No corrosion)

5. Conclusion

In this paper, the fatigue life of the steel cladding is cal-
culated by using conventional fatigue combined with fracture 
propagation, and the predicted life is basically consistent with 
the service life of the steel cladding, which shows that the 
method used in this paper can effectively predict the life of the 
steel cladding. In the calculation of ladle life using the fracture 
propagation theory, it can be seen that the length of the initial 
crack can affect the service life of the steel ladle to a great extent. 
The simulation results can predict the service life of the steel 
cladding under different crack lengths, which is the basis for the 
effective maintenance period of the steel cladding maintenance. 
At the same time, according to the prediction results and related 
fault detection methods, it can further provide theoretical guid-
ance and basis for the choice of maintenance program.

Because there are many factors affecting the life of the liner, 
it is difficult to consider all the factors. Therefore, this article 
only predicts the life of the ladle based on the nature of the liner. 
The service life of the ladle is calculated based on the thermal 
shock method. The calculation results show that the method used 

in this paper can basically predict the service life of the ladle. 
As the current methods for improving the service life of ladle 
linings are focused on finding suitable materials and the related 
production processes, there is less research on active mainte-
nance. Therefore, the ladle lining life prediction mechanism can 
provide relevant data support for the maintenance of ladle lining.
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