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A. Development in Melting of Gun Barrel Materials 
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B. Hot Working of Gun Barrel Materials 
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C.Heat Treatment of Gun Barrel Materials 

D.Evolution of Gun Tube Materials 

E. Stresses in Gun Tubes 
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F. Properties of Gun Tube Steels 

G.Autofrettage Operation for Gun Tube Strengthening  

H.Weight Reduction in Gun Tubes 
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I. Improving Barrel Life 

J. Large Caliber Gun Tube Material Systems Design  

A. Selection of Materials for Experimental Works 

B. Melts Preparation with Different Compositions

15MT CAP. 
Electric Closed Arc Furnace  20MT CAP. Laddle Furnace-
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Vacuum Degassing  10MT CAP. Electro Slag Refining  
2650 MT Capacity Hot Forging Press  Annealing Cum Anti 
Flaking Cycle for H2 Removal  Machining of Forgings  
Heat Treatment in PIT Type Furnaces

C. Steel Melting through 15T EAF-LF-VD
Furnace Repair Addition of Lime & Coke/Carbon First 

charge Power on 1st charge melt- down Lime 2nd 
charges Lime at melt down Oxygen lance or ore 
(Oxidation) Spar, Fe-Mn, lime Single/double slag off  
Lime, Spar, Coke, Fe-Si, Fe-Alloy (De-Oxidation) Tapping 
at 1650 c to lf Temperature rise (1680 c) and composition 
adjustment VD operation for 15 minutes Addition of 
alloying elements and CaSi wire as per requirement  
Temperature measurement Teeming of liquid steel in C.I. 
Moulds  Stripping of ingots after solidification Dispatch to 
ESR Section (10T ESR)

Pre heating of slug up to 1200°C in step wise  forging in 
steps and ratio as required  transfer to Heat Treatment 
section   

Heat treatment to be applied as per schedule required  
parting of Test Pieces  transfer for Test Piece preparation  

Test Piece preparation  testing  Result & Analysis 

D. Preparation of 1ST Melt as “ALLOY- 1”:

E. Process Parameters Followed for Alloy-1 
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F. Material Testing 

A. Material Test Reports of Alloy-1 

C2 R1 S1 
 ASTM: E-381

  
C1 C1 
R1 R1 
S1 S1 
  

Absent Absent 
Absent Absent 
Absent Absent 
Absent Absent 

 B. Non-Metallic Inclusion Rating Examination Report of 
Alloy-1 

 

Nil 0.5 Nil Nil Nil Nil 0.5 1.0 

C. Microstructure Analysis Report of Alloy-1 

D. Quantitative Analysis by Comparison of Results

o

o
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E. Comparison of Physical and Chemical Properties (Gost: 
B vs Alloy-1) 

F. Comparison of Melting Cost (Gost: B vs Alloy-1) 

Gost:B 5192 -78,  1176  20 34.3 29.4 at –50°C 120 
Gost:B after H.T.  1201  51 45 46 at –50°C 128 

Alloy 
BE 

1464 
1464 

1273 
1292 

1247 
1260 

14 
14 

49.1 
51.4 

59 
78.48 

49.5 at –50°C 
51.1 at –50°C 

125 
129 

Alloy 
ME 

1400 
1400 

1261 
1265 

1234 
1234 

13 
13 

43.7 
41.9 

57 
74.56 

49 at –50°C 
58.8 at –50°C 

123 
131 

H.T.: Heat Treatment 
 

Chemical Composition range (wt. %) 

OXH3MQA 0.33 to 0.40 3.00 to 3.50 0.85 to 1.20 0.50 to 0.70 0.10 to 0.18 0.25 to 0.50 0.17 to 0.37 0.012 max 0.012 max - 

0.35 3.1 0.99 0.62 0.14 0.42 0.19 0.006 0.008 - 
0.38 3.15 0.99 0.57 0.14 0.34 0.27 0.001 0.008 - 

11,12,865 99,077.22 3,13,632 2,22,882 17,48,456 .22 

Qualitative Advantages Due to the Replacement program
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