
  

22 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

        

   

 1  2  1 

1
     

2
      

:                                      

         .                                    

                       

                                            

                     .               

                                         

                             .          

                         ...   .                

                                            .    

               .  

 :        

1-   

                      .

                                 .     

                    .    

                               .

                                

              .    50               

             .                        

                              

                  .              1960 

                               .       

                               .      

                          
1

 ]1[     
2

 ]2[ 

  .  

                               

                             

       .                       

 .  

                                                           
1
 Berry Metal Company 

2
 SAVEWAY ® system 

  

h
-m

a
ji

d
ia

n
@

m
e
rc

.a
c
.i
r 

    

     

           

 .  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

23 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

2-      

                                         1962          

                ]3[ .                        

              )  1 .(          )1 (           

  )2 (                )3 (     .            )5 (        )6 (

            )7 (            ) 7 (                    

   .                     )8 ( )9 (      

)5 (                      )7 (          )10 (   .      

        )11 (            A.C.            )10 (  )5 (      .    

                                     .      

         .  

          )18 (        )4 (         .    1          

                             )13 (             )14 (

   .                        )15 (          )16 (

     .  

  
 1-           ]3[  

  2    -  )28  29    30 (      )8 (  )9 (                        

  )10 (             .                )31 (    )32 (      

    )30 (    )11 ( .  )33 (    )t8-t9 (                    .  

              )10 (              )7 (  )10 ( .     2    

)25 (        )7 (  )10(        )26 (         .      )7(  )8(  )9 (  )10 (  

  t              )8 (  )9 (    L                           .

      )11 (                )10 (    )33 (        L2/L1      

  )31 (  .   )10 (    )8 ( )9 ( :  

1(                                                          )tt(
L

L
tt 89

1

2
910  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

24 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

     L2/L1      )11 (   )10 ( .  

  
 2-           ]3[  

3 -         

    1970                          ]4[ .              

                                                    

           .                               

                                          .         

                                .      

                           .                        

         .                                 

          ) 3.(  

  
 3-          ]4[  

      )  11      3 (               )12 (     

   .          -          5-95  20-80    40-60   .  

           .    )13 (             .     

                          .          

             .                              

      .  

    4              )15(  )16 (  )17 (                 )18(  )19 (  )20 ( 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

25 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

        )14 (       .                     

          5           .                 

         .        )   (                       

)18 (          )19 (  )20 (           .  4                 

 .                                     

                     .    4                

    )22  23    24 (              )  soldering (   .      4   

   )38-41 (      37    42  .  

    4                43  44    45               46    47   

 .                                          

    .  

  

 4-          ]4[ 

  5                  4            21              

           .                   .     

             .  

  

 5-      ]4[  

4 -       

          1982          1984                )FMT (     
1
 

                                                           
1
 Trigger Response Method 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

26 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

                        
1

          ]56[ .   FMT 

)  6 (                       .                 

            .                     

 .  

  

 6-   FMT ]5[  

             .    Tt          

                          Tri               

    t              Xi         .                )   7(   

    t)     (  Tt        Tri          Xi                 

          X-     .                               

                                   .   8       

             . 

  
 7-     ]5[  

                                                           
1
 No. 3 blast furnace of Kobe Works 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

27 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

  

 8-             ]5[  

5-             

    1983      ]7[                                      

                                             

               .                            

                   .                  .     

             .                    ) (   .

                                                  .

   text     :  

2(                                                              
2

ext

1
qtt  

  ta         q         W/m
2  2         

 W/(m
2
.ûC) .  

                  :  

3(                                                          

2

int

1

tt
q  

        )m(  tint        )Cû (       )W/(m.ûC) ( .      q  

  2                             

     :  

4(                                                
2ext

2

int

1

tt

1tt

  

     ) 9 ( . 

                                            

           .              

                 .                           

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

28 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

           .                         140-135    

      150-130         5-10 %.  

  
 9-           ]7[  

6-          

    1999     ]8[                                      

                           .             

  )(                                 .          

                                              

   .             .  

                                          )   10 

  10  12    14 .(        )16  18    20 (                    .

           10          4  )10   (   .    

            .  

  
 10-                 ]8[   

                                  .     

            ) (       .                     

                     .                          

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

29 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

                                   .     

                                                  

     .                        Ih    IC            11   

     .  Ih        IC           .  IC                   

            Ih                   .    IC    Ih           

 .                                       .     

                                            

    )IC ~ Ih (            .  

  
 11-              ]8[  

7 -             

                             .            

                             .                      

                               .        2002 ]9[       

                      )           (   .     

                   .  

   12        )1 (          )12 (            )14 (  .   

  )24 (              )        3  6  9  12  15  19    25 (      

                         .                  

 .                              15    .          

          )  13 (                 .            1 

      3       .                         .      

                  G     .                    ) R (    

        F/min û 5/2                        5/2-5/1              

 .                                        .

                                            

                                         

                   .                     .  

               .    4                                

   .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

30 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

  

 12-         2-2      ]9[  

  

 13-               ]9[  

8-           

    2003                        ) (             

                  ]10[ .                      

                 .                            

 .             :1-        2-            3-   

    .  

               )  (       

                 .                     .

                   .                           

                              .                

                .  

9-     )  (  

                                       . 

  ]11[      2013                        200            

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

31 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

             .                               .

  14               .                               

     .                                         

                  .  

  

 14-       ]11[  

                                        

     .                                       

  ) 15.(  

  
 15-      ]11[  

      ]12[                                        

        
1

    .                

      )  1000   (                        .          

               .                       

                 .                
2

             .

           .  

                 2013 ]13[        

               .                                

      .  

                                                           
1
 Razgar Gorna computer program 

2
 Chinese steelworks at Jinan (two furnaces), Jiyuan, and Liuzhou 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html


 

32 

 
 

  
  

 
 

 
 

4242
 

 
 

 
9494

 

 
  

  

[1] Berry metal company, “Stave and Refractory Wear Monitoring System”, http://www.berrymetal.com/. 
[2] SAVEWAY 

® 
system, http://www.saveway-germany.de/en/measuring-systems/saveway/. 

[3] US 3018663 Patent, “Furnace lining temperature-thickness measuring apparatus”, 1962. 
[4] US3512413A Patent, “Measuring body capable of being built into the wall of a high-temperature furnace”, 

1970. 
[5] The on-line monitoring system in blast furnace (For further information, 1984 ISIJ write to Electronics 

Technology Center, Kobe Steel, Ltd., 53-3, Aza-maruyama, Gomo, Nada-ku, Kobe 657, New Technology). 
[6] US4358953 Patent, “Method of monitoring the wear of refractory walls of a blast furnace and temperature 

probe used for the method”, 1982. 
[7] F. T. Gorobets, V. I. Samsonov, A. G. Ustinov, “A method of monitoring corrosion of the refractories in 

glass-melting furnaces”, Translated from Steklo i Keramika, 7 (1983) 9-10, Plenum Publishing Corporation. 
[8] US5961214 patent, “Determining protective layer thickness of blast furnaces”, 1999. 
[9] US6375346B1, “Method for detecting the spalling of a layer of buildup of a refractory lining in a 

metallurgical furnace”, 2002. 
[10]  WO03/076858A1 Patent, “Control of refractory wear”, 2003. 
[11] R. M. Duarte1, I. Ruiz-Bustinza, D. Carrascal, L. F. Verdeja, J. Mocho´n1, A. Cores, “Monitoring and 

control of hearth refractory wear to improve blast furnace operation”, Ironmaking and Steelmaking, 40 
(2013) 350-359. 

[12] A. N. Dmitriev, Y. A. Chesnokov, K. Chen, O. Y. Ivanov, M. O. Zolotykh, “Monitoring the Wear of the 
Refractory Lining in the Blast Furnace Hearth”, Steel in Translation, 43 (2013) 732–739. 

[13] V. Petkov, M. Hadjiski, K. Boshnakov, E. Mihailov, “Diagnosis of Metallurgical Ladle Refractory Lining 
Based on Non-Stationary On-Line Data Processing”, Cybernetics and information technologies, 13 (2013) 
122-130. 

 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

2.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

26
-0

1-
30

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.2.3.4
http://jicers.ir/article-1-161-fa.html
http://www.tcpdf.org

