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ABSTRACT

When shooting small arms, the inner surface temperature is heated up to about 700~1,000C by the friction of
the bullet and the inner wall of the barrel and the combustion of propellant. High-temperature propellant gas and
high-speed movement of the bullet cause corrosion of the inner wall, which is noticeable immediately in front of
the chamber. In this study, the mechanical properties of Cr-Mo-V steel, which is the base material, were tested
using Taguchi experimental design to find the best nitriding treatment conditions. For the nitriding process, the
working time, salt bath temperature, and salt concentration were combined as three conditions and placed in the
Lo(3"), orthogonal array table. The thicknesses of the white layer and the nitrogen diffusion layer were measured
after nitriding under each condition in a salt bath furnace. Durability was evaluated by measuring the degree of
dispersion through actual shooting because it was difficult to evaluate the mechanical properties of the cylinder
inner structure. As a result, it was confirmed that the durability was optimal at 565C, 1 hour, 0.5%. These
optimal conditions were selected by the statistical analysis of the Minitab program(ver.17).

Key Words : Cr-Mo-V ~ Steel( A& =22IEHHIIEZ), Nitriding  Process(2Et37%),  Durability(UWi 75%),
Optimization(Z| & 3}), Taguchi Experimental Design(CHM A& H 2 H)
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Fig. 2 Nitrogen diffuser layer observation of nitrided
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Table 1 Chemical composition of Cr-Mo-V steel

(Wt%)

Ingredient Content Unit

C 0.41~0.49 %

Si 0.20~0.35 %

Mn 0.60~0.90 %

0.040Max. %

S 0.040Max. %

Cr 0.80~1.15 %

Mo 0.30~0.40 %

v 0.20~0.30 %

Cu 0.35Max. %

Al 0.04Max. %

Table 2 Material characteristic of Cr-Mo-V steel

Ingredient value Unit
Young's module 205 (Pa
Poisson's ratio 0.3 -

Density 7,850 keg/m'’
Tensile yield strength 850 WPa
Tensile ultimate strength 1,020 WPa
Table 3 Orthogonal arrays(Ly3®)
Control factor | 1 level 2 level 3 level
Temperature(C) 555 565 575
Time(Hr) 1 2 3
Density(%) 1.0 0.5 1.5
No. Temperature Time Density
(©) (Hr) (%0)
1 1 level 1 level 1 level
2 1 level 2 level 2 level
3 1 level 3 level 3 level
4 2 level 1 level 2 level
5 2 level 2 level 3 level
6 2 level 3 level 1 level
7 3 level 1 level 3 level
8 3 level 2 level 1 level
9 3 level 3 level 2 level
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Table 4 Thickness of white layer
No. Tempoerature Time Density | Thickness

(©) (Hr) () (um)

1 1 level 1 level 1 level 11

2 1 level 2 level 2 level 12

3 1 level 3 level 3 level 25

4 2 level 1 level 2 level 6

5 2 level 2 level 3 level 18

6 2 level 3 level 1 level 26

7 3 level 1 level 3 level 13

8 3 level 2 level 1 level 22

9 3 level 3 level 2 level 24
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Fig. 5 Main effects plot(data means) for S/N ratios
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Fig. 6 Surface observation using scanning electron
microscope photograph

Table 5 Result of dispersion shooting test according
to each white layer thickness after 10,000
rounds shot(Cp : Process Capability)

Target 6m 13um 25/m

1 4.5 4.7 4.9

2 3.7 5.5 5.5

3 5.0 5.3 6.2

4 4.8 6.1 4.7

5 4.9 4.9 6.5

6 4.9 4.9 7.1

7 4.7 4.4 7.0

8 4.0 43 5.5

9 4.8 5.3 5.8

10 4.7 5.9 5.9

11 4.5 5.2 52

12 5.0 5.3 49

13 4.3 5.1 4.5

14 3.8 5.0 6.5

15 4.3 4.9 6.4

16 4.7 5.5 7.0

17 4.3 6.2 5.8

18 3.9 5.8 5.1

19 4.5 4.8 52

20 4.8 4.8 5.0

Average 4.5 5.2 5.7
Process 44 sigma | 2.9 sigma | 1.4 sigma
capability | (Cpl1.97) | (Cpl.48) | (Cp0.97)
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